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FI1SSILE MATER]AL STORAGE VAULTS -
DESIGNING TO ENHANCE SAFETY AND EFFICIENCY

THOMAS P. MCLAUGHLIN
LOS ALAHMOS NATIONAL LABORATORY
LOS ALAMOS, NEW MEXICO 87545 USA

ABSTRACT

Thers are several, sometimes confllicting.
incerescs vhich must be accommodated in
flssile macrerial storage vaults. These
Include ericicalicy safery, radiation
safery, fire procection, accountabllicy,
and safeguards (n addition to the
operational requirexzencs of efficiency
and, for automated vaulrs, rellabilicy. A
comblnation of these factors coupled wich
increasing demands on avallable vaulc
space and che desire tc minimlze on-site
transportation of speclsl nuclear
macerials has resulted In currenc design
and constructicn activicies for three
major fissile material storage vaults and
the renovation of an existing vaulc at the
Los Alamcs National Laboratory. Two of
these nev vaulcts will be provided with
automared stacker-retriever systems
almilar to tlisa common {n large varehouse
operations while the third vault, being
saaller and having less potentlal for
radlation exposures wvill be cperated in a
bands-on aode.

INTRODUCTION

The need for nev and improved flsslile
asterial scorage capascity at Los Alamos Is
largely a resulr of cwo factors:

o Overcrowding of current vaulrse
leading to both criticality and
radlscion exposure concerns.

o Long range goals to locate major
Special Nuclear Marerial (SNM)
operations at the sice of the
current plutoniua facility. This
will reduce cransportation require-
ments and lamprove operacional
erficjiency as vell as minimige
scfeguards and security coscs.

505-667-7628

These factors have led to: 1) recent
completlion of a new vault to consollidace
SNM storage within the Chezistry Hetal-
lurgy Research (CMR) Facllity, 2) design
of a nev vaulr for the plutonium facilicy
with construction planned for 1988; 3) a
new Nuclear Marerials Storage Facllicy
(NHSF) located at the slte of the
plurtonium facilicy and scheduled for
cnmpletion in 1988; and &) subsctanrlial
enhancemencs for both criclicality and
radiation safery with the existing vault
in the plutontux facillty.

The three nev vaults vill be capable
of storing both uranium and plutonium of
varying {sotoplics and In a wide range of
physical forms such as metal, compounds.
and scrap. In addicion, there will be the
need to store some hydrogen bearing (l.e
moderated) materials. Due to lts smaller
sia. and operacional considerations such
ar frequency of use and diversity of
scored material the nevly completed CMFP
vault is operated In a hands-on mode. The
nev vaulc wvithin the plutoniuna facilicr
will offer encirely automated
stacker-rerriever storage and the existing
vault will be maintained for hands-on
operations. Due to Its Intended ure as
the major central storage facllicy for the
laboracory as well as the pripary
shipping/receiving and assaying focus arc
Los Alamos the NMSF wll] contaln boch
hands:on and autonated gtacker-retriever
storage.

The major rectrofits to the exlisting vaule
are: 1) subscancially enhsnced compurer
and adoinfstrative controls »n shelf
selection and itex ldent!ification
criteria; and 2) storage dravers vith
boron loaded. fire recardant insercs vhich
provide posicive Iten spacing, neutren
modaracion and absorption, and signif.can:
reductlons In radiation levels.



GENERAL DESIGN CONSIDERATIONS

Since toth radiation safery and
criticality safety were major considera-
tions in these vaulr desligns ler us reviev
common practices to winimize personnel
exposure and maincaln cricicality safecy
for vault operations.

© Auctomared stacker-retriever
marerial sctorage and recrieval.
This method ls in use ar the Rocky
Flars Plant and ar Westinghouse
Hanford operations. The exctenrc ro
which radiation exposures are
concrolled depends heavily or the
thickness, material type, and
design of shielding bectveen the SNM
and operations personnel, partlicu-
larly at the loading/unloading
scacions. Ioportant consideratlions
are: 1) neutron poisoning of
shielding/structural macterlials,
e.g., boron loaded concrete and 2)
whether or not shield doors are
opened and closed esach time a
sctorage draver ls recrieved froo
the vaul:. Increasing the shield
thickness and minlizizing line of
sight exposure to operaclons
personnel at the loading statlon
aay preclude the need for shlelding
doors. However, doors may be
considered a desirable or even
essenctial feat.re by safeguards
regulations.

o Using boron-loaded concrere or
slollar materlial In hands-on
vaults. Thls ls In use at the ZPPR
facllity at ANL-Wast at the ldaho
Nactlonal Engineering Laboractory.

While coritrol of both radlation
exposure and criticality safety are
obvious requirecencs for fissile materlal
storage vaulcs, several other concemns
oust be saccommodated. These include:
accountabllicy, safeguards and securicy
fire protection, operacional efficlency,
and reliable accass. Over-emphasizing any
of these concerns will usually
derrimencally effecc several if nct all of
the others. For example:

1) Cricicalicy and safeguards
concerns are often reduced by mulciple
personnel belng involved in and confirming
the accuracy of an operacion wherea: a
single person operation may reduce the
tocal personnel exposure;

2) Safeguards criteria generally
favor econsolidation of SNM as much as
possible while both criticality safecy ang
radlation protection concerns will ofcen
Je aggravated by close-packing mererials;

[}

3) Accountability usually reguires
frequent physical invenrories which vi):
lead to increased radiation exposures a-’
the posslibllity of item misplacemen:

causing criricalicy concerns.

4) Fire protection, If provided bt
warer, may aggravate criticalicty concerrns
as well as the spread of contazinarior
Other mechods such as Halon or admir:s:tra-
tively controlling quanciclies of
combuscibles may be consldered less
effecrive.

Controls for lmproving safery,
safeguards, and accountabllicy usually
decract srom rather than enhance
efficlency and produccivity. Thus, such
controls, oust be designed and implemence?
for ease of use by ope.ations personne] o
encourage compliance.

CMR Vault

This vaulc vas compleced this year a-:
represencs both inc.eased capacity for an’
convolldation of the contents of severa!
smsller vaults. Sozme of these vere within
the CMR facllity while others vere ar
nelighboring sites. Conrrol of safeguarcs
ccres through SNM inventory reducrlons a:
these nearby locitlons vwas s major
conslderation In the Justlificaction for
this nasw vault. It consists of one rmecdiun
slze oom divided by fencing Into severa.
areas Individually under the conrtrol of
diffe.ent organizacions. Due to the
types, forms. and quanticlies of the srored
oacerlal it was decided to design this
vault for handgc-on operation.

Relatively low neutron and gamma
backgrounds are expecced taus alleviarting
concerrs for personnel radiation
exposures. Analyses indicaced that ever
under worst-case SNM loadings, borating
conscruccion coencrece used in walls,
celling and floor would only marginally
(fev percent) Increasze vaulr capacity and
reduce radiacinn exposures. Also,
interior vall.: of bo:aiad concrecte vere
analysed and found not cosc effective
considering the f'oor areas they
consuzred. Th'rdly, shelf liners of
neutron poison materlal wvere considered
buc alsn 'eamed not cosc-effective (n vie:
of the relatively amall potenrial increase
In vault capaclity. Criclealley control is
proviced by a combination of hardware an!
adminiscrative measures:

o Individual shelves (£0 x 120 cr
have lixics for different mareria!
types.

v Wlremesh cdoors afford accesx to
only one 120 em vide colvm of
shelves a: o time.



o Shelf spacing is only adjustable at
15 ¢m intervals, assuring this
pinimum vertical separacion.

o Individual non-hydrogenous items
are packaged such that the maximum
density of fissile material, aver-
aged over the outer container
volume {5 at most a few kilograms
per litre. For loose oxides and
other compounds this is automat|-
cally adhered to; for metals this
maxipun density is conirolled
closer to 2 kg/1 or less.

This last point is a key factor in
criticality contrel i{n this and, in fact,
in all fissile pacerial storage operations
at Los Alamos. Thus considering the
relationship between critical mass and
density:

Do @ " where 1s ns?

it becomes apparent that maintaining a
maximum density of 5-100 of theoretical
increases the critical mass by much more
than a factor of ten. An extreme example
of the safery bullt into this storage
practice may be seen by conslidering a
worst case accident scensrio wheredby all
cans are displaced from their shelves and
end up in & heap on the floor during a
hypothetical earthquake. The surface
density of the resulting accumulation of
. cans is likely to be below the critical
surface density., If this is the case then
doudble or even criple Latching of cans on
an individual shelf will not result in a
clope approach to critical.

For loose oxides and compounds, or any
dispersibles, density is obviously well
below theoretical. However, an addi-
tional consideration must be given to
handling and storage of these materials if
flooding of individual contalners is
deemed credible, namely, the combination
of shape and volume which maintains a
single unlt subcritical for this accident
condition.

Similarly, for hydrogenous material
storage it is desirable if the combination
of conteiner shape and volume maintains
the unit suberitical for optimum
mcderation condition..

PLUTONIUH FACILITY AUTONATED VAULT

The existing vault in the plutoniunm
facllicy has become increasingly
overcrowded during the last few vears
leading to accountabiliry, criticality
safety, and radiation exposure concerns.
Obviously this situation impacted cther

operations within the facility. Thus. in
addition to actions taken to alleviate
these concerns within the constraints of
the current vault, a year ago it was
decided that additional vaultr capaciry
wvith improved radiation exposure control
was warranted. The design of this new
vault, #s an integral part of the existing
plutonium facility, 1s essentially
complete and construction is planned for
1988. It lis intenc<d to supplement the
existing vault and support the daily
operations of the facility. Major design
features include:

© Autopated storage only, with
stscker-retriever units in each of
two corridors. Storage dravers
range from floor to celling on
either side of each alslevay.
Flgures 1, 2, and 3 give cross
sections of possible layouts and
dllustrace thesze featurss.

o Boron-loaded concrete is scheduled
for both the central wall separat-
dng the two corridors and In the
front valls separating personnel
access areas from the fissile
materisl storage areas.

o Dry-pipe, preaction fire suppress-
ion systen with apriakler heads
only over the stacker-retriever
units. Design and spacing of the
dravers will discourage sprinkler
vater entry. All stored material
will be packaged in metal
contalners.

o The criticality alarm syscem for
the facility vil) be extended into
this nev area, although it would be
difficule to justify such a syscenm
for a stand-alone facility based
solely on cost-effective risk
control.

o Storage dravers vill have insercs
to enhance positive spacing between
units and outer container volumes
will control average fissile mate-
rial densities to a maximum of 2
kg/t for nen-hydroganous
materlals. Combinations of shape
and volume control of cans con-
contalning dispersibles and
hydrogenous materlals will provide
criticality controls for single
unit flooding accidencs.

Design considerations not finalired
include the thickness and material of
neutron shielding doors separating the
macerial scorage area from the malintenance
area and from the materials mansgement
area. Preliminary results indicate that
10 em thick doors of BISCO NS-4 or
equivalent will reduce radiation levels to



wmroce [

STRUCTURAL WALL

sSTORAGR

rmm—— -y ———2]

o

L Ll L L

WEUTROW SHIELDING
SLIDING DOORS

.
|

A

PEPA FILTER PLENTN

e

BORCN LOADED -—j

CONCRETE

wech/eLect anea

T
NEUTRON SHIELDING
SLIDING DOORS

MATERIALS MGMT



BN

MATERIALS WONMT,

NN

MEUTROM SHIELDING
SLIDING DOORS

sronace
STRDCTURAL WALL -

MANTENANCE N DRAVERS

e N

CORCRETE 1

MATERIALS MGMT.

;Hm
NN NN e T
N
NAN

\\ .

SECTION 0

FIGURE 2. POSSIBLE CONCEPT FOR A PLUTONIUM FACILITY AUTOMATED VAULT, SECTION B
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FIGURE 3. POSSIBLE CONCEPT FOR A PLUTONIUM FACILITY AUTOMATED VAULT, SECTION A
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Figure 4 Multiplicetion fector for plutonium metal spheres equally spaced. 30 cm
centar to center in both horizontul directions. Drewers were #0 em (3 spheres) deep,
vertical spacing weas 23 cm.



acceprable levels.! The Monte Carlo
code MCNP has been used for shielding and
dose analyses.

Examples of calcL 'ational resulrs
which led to the decision tc borare the
wall dividing the two corridors but not
ex-erior walls aro shown in Figure 4. A
calcularional model similar to rthe vaoulr
layour shown In Figurec 1, 2. and 3 was
cthe basis for the analysis. The KENO code
vith the Hansei,-Roach cross sectlions was
the computational tool. As ls apparent,
ona can achieve additional storage
capacity in & fixed volume by elther
poisoning the concrece or by providing
drawer liners of neutron absorbing
pacerials. The combinacion of borh of
these is of marginal additional
effectiveness beyond a liner thickness of
abour 2.0 cm.

Our analyses of the variacion of
mulciplic: fon factor with boron loading
in the gorcrete confirmed thar repo-red by
others.* The design value Is six
kilograms of natural boron per cubic merer
of concrete. For this loading & 30 ¢nm
thick concrete wall provides more cthan 708
of the benefir of an infinlitely thick vall
of the same compositrion. This wall
thickness is also consistent with common
structural requiremencs.

Currant plans call for drawers without
neutron absorbing l.:ers. The basis for
the storage llmpics will be a maxioum
(calculated) mulclplicaction factor of 0.80
assumning each draver is loaded co Irts
adopinistrative limir. This value [s
consiscent with limics {n use In exlscting
vaulcts at lLos Alamos and provides
(calculated) margins for variations In
hydrogen content of the concrete, double
bactching Individual drawers and even many
drawers. bur nor the entire vault, and for
the lack of experimental dara.

Should operatlions in che furure lead
to & situation where once agaln addicional
storage capaciry (mass not volume) s
desired then ona coulc recrofic shelf
liners {n the dravers and gelr perhaps
another 308 An f.issile mass capacity. O0ne
would, however, have rc maintaln oversight
for the continulng presence of the liners.

NUCLEAR MATERIALS STORAGE FACILITY (NMSF)

Consiscent with lou Alamos’'s long
range plans for collocating major fisslle
macerial operacions at the gicre of the
plutonlum facility, a large, cetral
storage faclilicy has been In design anc is
now under construction. Operation Is
scheduled tor 1988. It will also provide
a4 ladboratory wide focus for shipping.
recelving, and assaying of jtems packaged
for transporec.

In concrast to the day vault nature of
the automated vaulr planned for the
pluronium facility, this storage facilircy
will be a staging area for incoming ’
shipments destined for other laborarory
sites or for outgolng shipments from rhe
Laborarory and will store ma:erial on a
long term basis.

It will contain many of the fearures
assoclared vith the planned sutomareld
vaulr for the plutonium facllity: it will
house automared storage areas vith
scacker--etrievers opsrating In two
adjacenr long, tall corridors. Srorage
drawers will run from floor to ceiling;
each draver will be 60 em x 120 cm with &
vertical spacing of 30 cm. This is to
accommudare different conrainer sizes.
Once again, this vaulr wlill also provide
positive cricticality control via a
packaging requirement which stipulaces
that fissile density averaged over the
ourer container volume routinely be s
1 kg/!. Drawers will have spacers ro
provide positive scparation between stored
irems. Automared, remote accouncablliry
control via a bar code label and reader
system is planned.

For operational efficiency and
enhanced safeguards, below-grade tunnels
connect to the exiscing plutonium facilicy
and will be extended to furure collocaced
facilitcles.

In addlirion to automated srtorage areas
this cencral facllicy will contain space
for shipping container storage and special
items not physically amenable to automared
storage. Since hydrogen-bearing items
requlre very different storage limits than
non-hydrogenous items and since the
fracrion of stored irems conralning
hydrogenous materials is expeccted ro be at
oosC a fo! percent, it is planned ro sctore
these items outside the automated vaulr in
avallable hands-on areas.

This separatlon of Itrens having very
different criticalicy limits and
characceristics should assist In
malntainling low operacor error
frequencles. Thus all merals anc
non-hydrogenous compounds of any speclies
will be stored in the automated vaulr
under unlform limics. Should radiacion
exposures to personnel working In hancs-con
areas bescome excessive than shielding can
be added, as was done In the existing
pluconium facllicy vault. However, In ar
etfort to forescall a potential probler it
was decldecd to borate the concrece in the
vall separar.ng the two stacker-rerriever
roers and in the wvalls and ceiling
separating the automared vaulc from
personnel areas.



EXISTING PLUTONIUM FACILITY VAULT
ENHANCEMENTS

About two years ago & coordinated
effort was made to recommend improve-
ments to the existing l.ands-on vault in
the plutonium facility. This was driven
by criticality safety, radiation exposure,
and accountability concerns all associated
with a vaulr severely overcrowded from the
standpoint of volume but nor fissile
mass. A task force represenring the above
disciplines as well as operations
supervision made the following
recommendations:

o design and build s new, automated,
day vaulr (chis is happening),

o Upgrade the computer software which
logs material into and out of the
vault. This has happened and has
resulced in both a marked decrease
in {tem: being misplaced within the
vault and a more efficient
storage/retrieval process resulring
in reduced radiation exposures. In
particular, for a vault vith about
2000 ctransactions in a typical
month, operations have been going
on over a year now without evidence
of a mis-shelved iten.

o Cecnsider distinctive labeling for
easily confused items, notably
hydrogenous material and alpha and
delta plutonium. This was
implemented successfully.

© Outfit some of the vault rooms with
shielding to house those items of
particularly high specific dose and
all the hydrogenous items.

This last recommendation was made both
to reduce radiation exposures and to
collocate all hydrogenous material thus
reducing furcher the likelihood of this
saterial being mis-shelved with
nonhydrogenous. To accomplish this we
purchased cabinets with 60 cm x 60 cm
reller dravers and then ordered neutron
and gamma ray absorbing inserts for these
drawers. This cascable single plece
insert is made with a 2.5 cm thick bortom
and sides and a 7.6 em thick front. It is
fire retardant and has high hydrogen and
boron contents and provides excellent
nttcn?ziion for soft gamma rays such as
from An. The insert {s made from
BISCO’s NS-4 but similar materials are
available from other suppliers.

CONCLIUSIONS

There are several, often competing,
concerns which must be accommodated in
current fissile material vault opera-
tions. Recent years have seen the advent

of significant complexities imposed by
accounrabilitv and safeguards/security
regulations. For the lLos Alamos Nacioral
laboratory, increased operations with
fissile material have meant elevatred
radiation exposures and concern for
criticality controls. An aggressive vault
construction and recrofit program
laboratorywide is beginning to come to
fruition, namely,

© Radiation exposures and criticality
safery limit violations are recduced
from prior years for plutonium
facility vault personnel.

o A new, larger, central vault in the
CHMR facilicy will enhance
efficiency for operations
personnel, reduce crowding, and
improve safeguarils.

© A new, central shipping, receiv-
ing, staging, assaying, and storage
facility (NMSF) is about to become
operational. It will consolidate
inventories from several smaller
vaulrs throughout the Laboratory
and improve criticality safety,
radiation exposure control,
accountalility, and safeguards in
its automated storage areas.

o A new working (i.e., day) vault is
scheduled for construction in 1988
as an integral part of the current
plutonium facilicy. It will
provide automated storage and
significantly reduce radiation
exposures and overcrowding in the
hands-on vaule.

For each of these projects
consideration has been given to: 1)
auronated storage; 2) borated concrete in
structural walls; 3) neutron sbsorbing
drawer liners. and 4) neutron and gamms
ray shielding draver inserts. These
features primarily impact criticality
safety, radiation levels, and vault
capacity and efficlency. Fisslle material
storage ar los Alamos will benefit from
the taiiciing of cost effective
combinations of these fearures to the
needs of each facllicy.
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