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ABSTRACT

A shieldéd neutron shipping cask was desianed to transnort three-gfim L
quancities of californium 252, The cask weiahs 25 tons énd,may be-shinped '
by ccmmor carrier anywhere in the Unfted States. Neutron saurces will be
packaced in all-metal pressure vesscls suitable for use at 1500°F, Thrée
source vessels, each three inches in diameter by twelve inches lona, mav bg
storcd in a rotitinq maqazine at the center of the cask, An eicht-“oot-lonq
plug with qrapp]? fingers locks the magazine durin& transnort and is alsb
used to remotely load or unload the neutronésburce vessels. A Boral nlate
is used to absorb slow ncutrons and a stce) billét provides nrimary-namma
shielding near the center of the cask., ‘The neutren shield consists of
borated limonite concrete and borated aqypsum cast into the cavities formed by )
_ two concentric steel shells, |

INTRODUCTIDN

The increasing availabili%y and use of neutrpn-emifting'1sntopes has made .
tne desion of a larqe capacity neutron shippina cask desirable (Fiaure 1). .

* This work was performed under the auspices of the United States,ﬁtémic.ﬁnarnya
Commission, ) ; '
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'Large scale isotope productfon at the 0Oak Ridge National Laboratory and the
AEC's Savannah River Plant will make gram quantities of 252 c¢ avatlable within
a relatively short time., This cask was designed to transoort by road or railway,
anywhere in the United States, sources with a neutron intensity of up to 9 x 1012
fission neutrons per second. Three grams of californium 252 or 400 grams of
curium 244 are typical shipments that can be made in this cask. Several shieldina
calculations were made to optimize the weight and size of cask versus the
integrated external radiation dose rate., The capture-gamma dose rate was reduced
dramaticaIly when a cldse-in Boral slow-neutron absorber and a steel primary~namma
shield was substituted for a stainless~steel-clad lead shield of a similar thick-
‘ness. By chanaing the shielding materials and the bulk density of the concrete,
. the neutron shielding capacity of the cask was increased by a factor of six over
the first design utilizing the stainless-steel-clad lead aamma shield and lesser
density concrete.

The cask will safely dissipate 1,000 watts of decay heat from the radio-
active source without the use of an external conlina system, A special bolted-
closure special-form vessel was desianed to contain the radioactive material,
This vessel utilizes a stainless steel to stainless steel oasketinag system and
is suitable for internal pressures up to 150 psig at 1500°F, The vessel is
reusable and may be assembled remotely using master-slave manipulators,

The cask may be dry loaded from either the ton or bottom, or may be lvaded
undervater in a pool facility. At the Livermore ncutron shielded chemistry
ce1ls‘ the ~a=: will be bottom unloaded into an interceil undernround transfer
system, 3 sk was designed to meet the packaging standards for radioactive
_ materials as iisted in Chapter 0529 of the AEC Manual. '

CASK CONSTRUCTION

The cask is almost spherical, (86 inches in diameter by 108 inches hiah)
and veighs 25 tons. Two steel concentric shells (the external is one-inch
" thick and the inner is five-eiahths~inch thick) form cavities into which the
" shfelding mixtures are cast, The outer cavity is 11-3/8 inches thick and is
filled with borated gypsum; the inner cavity is 21 inches thick and is filled
with liwonite concrete, A removable center section penetrates the cencentric
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shells and houses a 2-5/8-inch thick steel shield with a 3/8-inch thick Boral
(50% B4C) inner 1iner, This center section, 17 inches in diameter by 9 feet
Tong, also houses a rotating manaz1ne and shutter mechanism. The rotating
magazine nas three wells, each three inches in diameter by twelve inches tall,
for holding radioactive sources., A three-inch~diameter by eight-*oot-lona
vertical plug locks the magazine and shutter in place durina transnort. This
plug is equipped with grapple fingers on the lower end vhich are remotely
operated by a choke-wire cable. To unload the primary vessel the grapple plug
is raised to clear the .rotating magazine; the magazine and shutter are then
indexed, and the arapple plug is lewered and counled to the primary vessel,
The grapple fingers are locked in place by an over-center linkaoe and a
positive 5/8-inch travel of the choke wire is required to open the finners

and therecby release the primary vessel, After rotatina the shutter back to
its normal transport position, and opening the cover plate at the bottom ef
the cask, the primary vessel is lawered from the cask to the hot cell transfer
system by use of the vertical three-inch-diameter plug.

SOURCE TRANSFER.

At Livermore, transfers of neutron emitters into or out of the shipping
cask will be accomplished by bottom-type transfers (Fiqure 2), The cask will
be meved over the center port of the underground intercell transfer system by
a pnevmatic-powered rail car. The lower support portion of the cask will be
filled with water to provide neutron shielding as the neutron source nasses out
of {or into) the cask. The grapple plug is used to lower the primary vesseis
to the undergrouhd fork truck, or to pick up the source for leading into the
magazine, Four feet of concrete shiélding has been provided above the intercell
transfer system to permit operator access to the cask area during transfers,

In order to permit loading of the cask undenwater in a.nool facility when
direct bottom loading is not feasible, the outer exposed parts of the cask are
fabricated from stairiess steel or painted mild steel,
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NEUTRON- SHIELDING MATERIALS

The.sh{e1ding materials that were selected for maximum ncutror and namma

Tray attenvation are shown as Case 7 at the top of Fiaure 3, In choosinn the
neutron-moderating materials, attention was aiven to obtainfna mixes with a
“relatively hiah hydronen content yet maintaining desirable mecha.iical and
thermal properties, The borated limonite concrete (12% H 0) and the borated
aypsum (20% H 0) will be poured and sealed in an as-cast state tn preserve the
initial water content of the mixture, The cask is +itted with rupture discs

. to prevent vessel rupture by nressurization that would be caused bv a €ive,
The borated gypsum 15 a mixtore 'onsistind of 10 pounds castinn-type gypsum,
1.2 oounds boron fr1ts containina 156.4 percent elemental boran, and approxi-
mately Five pounds of water, " The bulk " density of this mixture 15 109 1bs/cu,

. ft, after curing. The borated limonite concrete is a mixture of portland
cement, Blackburn Timonite aagresate (3/8 inch size and smaller), N 1bs of
boron frits per cubic foot of mixture, and water which after curing weighs
approximately 180 ibs/cu, ft, The Boral plate is a 3/8-inch thick aluminum-
metalclad boron carbide-aluminum core cnntdjhine 50 percent B,C hv weiaht,

Sever cases of different shieln1no mater1als and confinurations were

1nvestigated using the MISH2 shielding code. The calculations were done in
: one-dinnnsional spherical qeometry us1nq elemental compositions. The neutron

and gamma dose rates - were calculated in-the 916 3 rmode usina 27 enerny drouns
for neutrons and 20 for aammas. The greatest reduction in dose rate resulted
when the 3/8-inch~ thick Boral plate was added. near the neutron snurre and boron
frits were 1nc1uded in ‘the concrc*e mixture as “IIV" neutron absorberb. On-
timization in shieldina effectivcncss resulted from using stee] in lieu of 1e1d ,
for primary-qamma shieldina, and inrronsinn the bulk density of .the conCrete
in the middle zone (limonite cnncrctg} from 140 ibs/cu, ft, to 180 Ibs/cu, Ft,

A blot of the capture aamma dose rate for Case 1 and Case 7 (Finure 4) in-
dicate a larce absorption of slow neutrons 1n the center area by the Baral plate

‘and a qreater attcntuation of capture-qamma rays hy the denser Virmonite concrete,
Comparinq Case 7 to Case 1, the canturc-nmamma dose rate was reduced by a

factor of 11, the primary-namma dosc hy a factor of 22 and the neutron dose
by a factor of 1,6, Since the Primary-aamma and neutron dose rates in
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" Case 1 wére only a small portion of the total dose rate (4% and 9%) the
largest change was effected by reduction of the capture-gamma dose rate. The
total dose rate at the surface of the cask for Case 7 is 5 x 10'12 mrem per
hour per source neutron, which is sufficient shielding for shinments of up to
three grams of californium 252, In Case 5, the materials used were identical
with Case 7 except that a 30 mil cadmium sheet was used in place of the Boral
plate. The shielding capability of Case 5 was nearly the same as Case 7 but
was not used because of the low melting point of the cadmium metal.

INTERSTATE TRANSPORT

A semitrailer (Fiaure 5) will be provided to transport the cask on any
first class rbad throughout the United States by common carrier. The cask
will be bolted to the trailer frame at its base and braced with six one-inch-
diameter plow-steel cables attached to the top section,

Because the cask is large and the shielding materials are qood thermal
insulators, a large temperature differential (500°F maximum) is required to
dispose of the thermal output of the source to the atmosphere. An onticnal
liquid cocling system has been provided for maintaining ambient temperature
in the primary vessel, Since this cooling system may be lost in an accident,
the neutron sources will be packaged in a pressure vessel suitable for con-
tinuous storage at 1500°F and the source intensity will be limited to a decay-
heat output of 1000 watts,

CASK SURVIVAL IN AN ACCIDENT

It is mandatory that the cask remain intact and that the shielding not be
impaired from an accident during transvort, It is conceivable that the cask
could be involved in a hishway accident at high speed and the cask might ram
the end of a steel girder, The spilled fuel from the tractor could ignite and
engulf the cask in flames. It is essential that the source remain intact in
the cask under these conditions and the loss of shielding be minimized., To
simulate the above accident conditions, the cask was desianed to survive a 30
foot drop, puncture, and 30 minute fire at 1475°F,
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The outside steel plate (one-inch thick) and adjacent 11-3/8 nch-thick
layer of borated gypsum provides excellent thermal-insulation, puncture
res1stancé. and enerqy absorption capability. The gypsum is an outstandina
fire-resistant material and has been found to be an exéellent thermal
1nsu1ator for shipping casks..

The deformation of the cask wall caused by a 30 font drov was analyti-
cally investigated usinn a dvnamic, large-inelastic~deformatinn computer cnde4.
It was assumed that the cask was an 86 inch diameter sphere with a one-inch-
thick steel shell filled completely with gypsum, This §s a conservative
assumption because the cask 1; constructed with two concentric sheils, The
internal weiqht (40,000 1bs.) was distribyted on the hemisrherical half of
+ the structure nearest the impactina surféce. The gypsum was treated as a
compressible medium with a bulk modulus of 119,000 psi, The calculations
show that the largest permanant deformation will be six inclies, This amount
of deformation does not anpreciably affect the sh1e1d1nq capability of the cask,

‘¥hen subaected toxsevere impact loads the qyprsum willicemnrcss, but not
shatter, as is the‘casE with concrete. Since cracks in shieldina nroduce
radiation'hot spots and should be avoided, the ayosum is an ideal neutron
shield which will absorb the impact energy but remain intact.

The adequacy of‘the_outé?wspeII to withstand the puncture accident was
related to previous teﬂts5 at the Oak Ridge National Laboratory, These tests
indicated that a one-inch-thick steel liner is “adequate for a lead-filled cask
weighing 25 tons. Gypsum has an advantaae over 1cad in that it will not relt
dur1ng a fire and run out the puncture hele. Steam may be aenerated but the
basic confxcuratwon af the qyosum u111 not chanae.

CONCLUSION

This shipping cask has sufficient neutron and carma shielding to.shin
multigram quantities of californium 252 and all of the other transelutonium
fsotopes. The size and weight of the cask has been ortimized to nermit
transport on a senitrailer without exceeding local hichway requtations. The
cask may be Joaded or unloaded in a non-shiclded area with a minimal radiatien
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exposure to the oner;tor;‘*The mechanical -assemblies are simole but positive
in action to assure full operator control, The center section of the cask is
completely removable permitting revisions or-additions if 'program reauirements

change,
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SUMMARY .

A shipping cask (see Fig. 1) has been designed to transport high-specific-
activity neutron-emitting isotopes. The unit has a radiation attenuation factor
and heat capacity sufficient to allow the transport of three grams of 252 cf
(9 x 1072 fission neutrons/sec) or the equivalent dose from other elements. The
permissible heat load has been limited to 1000 watts from radioactive decay, A
1iquid cooling loop has been included to maintain temperature-sensitive sources
at a controlled value during normal transport conditions. In the event of an
accident that negates the Tiguid cooling system, the primary shield will sufely
dissipate 1000 watts of heat and maintain its structural integrity. The cask,
which weighs 25 tons, is 86 inches in diameter and is nearly spherical in shave.
A specfal semi-trafler will be provided to allow transport of the cask cver first
class hichway without the necessity of special permits.

The cask construction includes a removable center plug which contains a
rotating magazine with three storage positions 3 inches in diameter and 12 inches
tall. A bolted-closure special-form vessel has been designed and proof tested
to contain the radioactive materials. The vessel utilizes a stainless steel to
stainless steel gasketing system and is suitable for internal pressures of 150

psig at an operating temperature of 1500°F,

* This work was performed under the auspices of the Unfted States Atomic Enerqy
Commiss fon,
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Although intended as a bottomeloading cask, the unit may be loaded from
either top or bottom in a deep pool facility. The source containers are loaded
by utilization of a three-inch-diameter by eigh%-foot-long plug which is equipped
with grapple fingers on the lower end. This plug is stored in the cask during
actual transport and physically locks the rotating magazine in place.

In order to obtain the best radiation attenuation factors in the smaliest
and lightest configuration, several different approaches to this cask were con-
sidered. The ANISN! shielding code was used to investigate neutron and gamma
attenuation of several types of shielding materials and configurations, assuming
a spherical geometry for the overall shield. Final selection of the shielding
materials used was based on the ability of the materials to withstand thermal and
mechanical damage that might be encountered during an accident as well as the
radiation shielding characteristics. The major shielding materials selected for
the cask were {from the outside imward): steel plate, gypsum and boron frit
aggregate, borated limonite concrete, and a solid steel billet lined with a Boral
sheath waich was encased in a stainless steel liner.

Possible damage to the exterior of the cask by a 30 foot free fall was in-
vestigated by using the computer code DRIVEZ; this code has been written to
evaluate the effects of a dynamic, iarge-inelastic deformation on bulk objects.
The use of conservative values and assumptions in the computer calculations
indicated a final permanent deformation of six finches in the external shell,
This reduction of shielding is within the allowable 1imits of increased surface
dose after a major accident. Any structural effects that occur will not be
detrimental to the contaimmant capabilities of the cask.

1. Yard 4. Engle, Jr., “Users Manual for ANISN, K-1693*, Union Carbide
Nuclear Division, March 30, 1967.

2. DRIVE - Computer Code Described in Lawrence Radiation Laboratory
Internal Report.
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