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LEGAL NOTICE

This report was prepared as an account of Governnani sponsored
worke. Neither the United States, nor the Commission, nor any person
acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied,

with respect to the accuracy, completeness, or usefulness of the in-

formation contained in this report, or that the use of any 1hf6rmation.

appératns. method, or process disclosed in this report may not in-
fringe privatel} cwned rights; or ‘ |

B. Assumes any liabilitiss with respect to the uée;pf,'bg for
damages resulting from the use of any information, app#ratus.'ﬁéthod.
or process disclosed in this report. ' SR

As used in the above, "person acting on behalf of the Commiésion"
includes any employee c¢r contractor of the Commission, or_employée
of such contractor, to the exfent that such employee or confractor of
the Commission, or employee of such contractor prepares, diéseminates,
- oy provides access to, any information pursuant tq his employment or

contract with the Commission, or his employment with such contractor.
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CORCLUSIONS

The design of the spent fuel shipping cask proposed for
use in transrorting irradiated cores from both the PM~1l and PM-3A
"Nuclear Power Plants has been evaluated under normal and accident
conditions. Specifically, the following aspects of the design
were analyzed and evaluated:

(1) The lead shielding provided within the walls of the

shipping cask and associated attachments assures
that ICC regulations of 200 mr/hr at the surface and
10 mr/hr at one meter distance are satisfied.

(2) A rugged crash frame, cask shroud, and shipping pallet
combination completely enQelopes the caék and insures
the structural integrity of the cask under all con-
ditions of transport.

(3) The fuel bundles, control rods, and poison plates
are securely locked within the core shroud by means of
a ocore handling fixture with suitable safety devices
to guarantee no possible change in core geometry.

(4) Based on an unirradiated core, adequate poisorning
in the form of control rods and poison plates is pro-

vided to obtain a Ke of less than 0.9 during

 $4
shipment.

(5) As a result of conservative calculations, sufficient
heat transfer capabiliéy has been provided in the
shipping cask to dissipate 2 kw of heat with coolant
temperatures less than 192°F and cask surface temp-
eratures less than 180°F wiik water coolant present.

(6) Under loss of coolant conditions with only air as a

heat transfer medium, it is shown that the peak fuel
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tempoerature is 732°F which is 218°F belov the temperature
at which sound fuel elements would rupture.

(7) In the event of the remote accident condition in
wvhich 5% of the fuel elements are postulated to break
into one foot long sections, 1tvis shown that negli-_
gible quantities of activity are released to the
surrounding environment.

As a result of the fbregoihg oonoclusions, theApropoeed
spent fuel shipping cask design is adequate for use in transporting
spent cores from both the PM-1l and PM-3A plants to the Idaho Chemical
Procéasing Plant with no undue hazard to the health and safety of

operhting personnel and the general public.



IRTRODUCTION

This Hazards Report presénts a description of a lead-
shielded spent fuel shipping cask to be employed in transporting
spent cores from both the PM-1l and fﬂ-}A Huclear Power FPlants to the
Idaho Chemical Processing Plant at Scoville, Idaho., All aspects
of the cask design are described in this report including normal
and accidental operating conditions. Technical analyses of both
the cask design and the core are presented to demonstrate the high
degree of safety included in the cack design. The cask design is
a result of the efforts of The‘Edlow Lead Company working in con-
Junction with Battelle Memorial Institute and with the assistance
of the Martin Company.

‘ The design of the spent fuel shipping cask, described
herein, is compatible to the requirements of both the PM-l and
PM-3A Nuclear Power Plantas. The cores to be transported are
identical in every respect. The Fi~1l plant 1s designed to supply

~ the electrical power and space heating requirements for a radar
installation at Sundance,.wyoming. The PM~3A plant is designed to
provide the electrical power requirements for the Naval Air Facility

- at McMurdo, Antarcticae.



I. DESCRIPTION OF THE SPENT FUEL
SHIPPIRG CASK

The spent fuel shipping cask assembly consists of the
'following major componenta: a lead-shielded cask into which the
spent core is placed, a steel crash frame surrounding the cask to
provide protection in the event of an accidental free fall, a 0;;
inch thick steel cylindrical shroud placed around the sides of the
cask to provide additional shieldidg to'safisfy IcC Regulations;
and an aluminum shipping pullet. These components are deacfibed in

greater detail below.

A, Spent Fuel Shipping Cask
The spent fuel shipping cask, shown in detail in Martin

drawing:372-2106015, consists of lead walls with a maximum thicknqss
of 72 7/8 inches encased in stainless steel. The unnecessary lead
shlelding at the upper andilower corners is deleted to miniﬁize
weilght with the result that a contoured wall cross-section is ob-
tained. The lead thickness at the top‘and bottom of the cask is

_ 8 1/ inches.

The cavity walls consist of 1/4 inch thick stainless steel.
8ix stainless steel support blocks are welded to the base of the
cavity to provide support for the spent core assembly and allow for
the passage of coolant to the core., The cavity walls are contoured
to the shape of the spent core assembly to minimize weight.

The outer cask walls consist of 1/2 inch thick stainless
steel to which are welded 3 inch deep fins on approximately one inch
centers. Approximately 100 such fins aro placed vertically around
the circumference of the cask to provide the required heat transfer

capability. Tie-down points, designed to withstand 8g loads, are
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located between pairs of extra heavy and enlarged £ins and permit
securing the cask both to its shipping paliet and the transport
vehicle floor, A pair of trunnions designed to meet the require~
ments at the Idaho Chemical Processing Plant are provided to |
facilitate handling.
' The cask cover comsists of 8 1/4 inches thick lead enw
cased in 1/4 inch thick stainless steel around the sides and bottom
and 3/4 inch thick stainless steel on the top. A gasketed seal,
designed to withstand an internal pressure of 60 psig, is employed
to preclude leakage. The cask, however, will never be operated at
pressures greater than atmospheric, although it can withstand 60
psigs The cover is secured to the cask body by means of 12(ome inch
diameter) bolts and a lifting lug is provided for handling purposes.
Protection agalnst overpressurization of the cask is
supplied by means of a pressure relief system. A relief valve set
to discharge at 30 psig is connected to the upper portion of the
cask cavity. Any material which may be discharged passes through
a filter designed to withhold 99.9% of the particles in excess of
0e¢3 microns in diameter prior to release to the atmosphere. A
pressure gauge is also included to provide visual indication of
the cask pressure. The relief valve, filter, and pressure gauge
are located in a stainless steel enclosure for protective purposes.
A drain system is provided for the cask toApermit re-
moval of coolant to obtain an ailr expansion volume initially and
for sampling purposes while in transit. The drain valve is plugged
as an added precaution against accidental drainage. The draiﬁ valve,
like the prassure relief gystem, is also located within a-stainlesé

steel enclosure for protection.



B, _Crash Frame

A crash frame consisting of an asgembly of H beams
as shown in Martin drawing 372-2106016 surrounds the cask. The crash
frame is designed to maintain the cask cover in place in the event
the cask 1g subjected to a 30 foot free fall. The frame is construc-
ted of four vertical H beams located symmetrically around the cask
circunference and fastened to the cask. Additional framing members
Placed over the cask cover are mounted to these vertical members to
provide a rugged protective assembdly,

C. Cask Shroud

A one inch thick steel shroud divided into four segments
is placed around the cask to ;atisfy the total shield requirements
as specified by ICC Regulations. This shroud, shown in Martin )
drawing 372-2106016, is affixed to the'cask assembly by bolting io'
the v;}tical H beams of the crash frame. A cutout is ﬁrovideq te
facilitate access to the drain valve for coolant sampling while in
transit. In addition to its shielding function, the shroud also pro- -
vides additional protection in the event of a free fall, |

D. Shipping Pallet -

The spent fuel shipping cask, the crash frame, and the
shroud are mounted on a shipping pallet to facilitate handiing'and
assure adequate weight distribution in the transport vehicle. The

shipping pallet, shown on Martin drawing 372-9010001 Sheet 1 of 3,
is constructed of aluminum to minimize weight. Adequate tie-down

lugs, designed to withstand 8g loads, are provided to secure the

pallet to the transport vehicle,
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II. DESCRIPTION OF THE CORE -
MEC] DESIGN '

A detalled descripfion of the reactor cefe to be trénsportad

.i@bpjesented 1n this chapter, The core assembly which is placed in

.jthe- shipping cask consists of one center and s:lx peripheral bnndles
4~con;ained -ithzn a shroud can. Six wye control roda, one in- each
' peripheral buudle. and six supplimentary poison plates. placed between
'.the _peripheral bundles, are securely locked 1n the shroud can. along
with.the fuel bupdles by means of a rugged core handling fixture,
Each of the above core components is described below. A
. It'is the additional intent of this‘eﬁapter to demoustrate
conclusively that both the coantrol rods and the poisom plates can
under no accidental conditions be displaced.f;om:tpe core. It is also
shown herein that the mecharical design of the core is such that un-
der no circumstances may the core components move relative to each
other to obtain a more reactive core geomatry.

The following detailed drawings are subuitted with this re-

port for additiomal clurification,

Martin Drawing Number  Title
372 - 2105000‘ Reector Assembly
372 - 2105061 Reactor Core Section
"372 ~ 2105002 Installaﬁleﬁ'Reector Core Structure
.5?2 - 2105003 - Center Bundle’AeEembly
.3?2,- 210500#1 Upper Skir;jAése;bly
372 - 2105005 Core Imstallation
372 - 2105006 Gore Details - Center Bundlo
372 - 2105007 . B Details -AHold Down Center Bundle
372 = 2105009 | Core Shroud Assembly .

372 - 2105010 Peripheral Bundle
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Hartin Drawing Number

1372 - 2105011 ' Upper Grid

372 - 2105012 Lower Grid

372 - 2105013 Core Elements Fuel - Foison - Dummy
fs'zz - 2105014 | COntrol Rod Guido Rails
"372;- 2105015 | Lock Sleeve & Alignment Structure
372 - 2105016 o Control Rod As&e'mbly

372 - 2105017 Spring, Hold~ﬁ§ﬁn. Upper Skirt

372 - 2105018 Source (Pri&ari)

.372 - 2106000 Core Handling Fixture

A. Core Elements

Three types of core elements are inclnded in each fuel
bundlej fuel, poison and dummy. The general construction and dimen-

. sions of these elements are sbown in Fig, II-l, while thelir locations
within each fuel bundle are given in Fig. II-2 and II-3. These ele-
ments have identical end comstruction to allow complete interchange-
ability.

The fuel ;lement contains UO2 dispersed in and cled with
stainless steel. Its meat is nominally 0.0285 inch thick and it is
sandwiched between cladding of 0.0075 inch thickness. i/hen assembled
into a fuel bundle, the active fuel region staris one inch above the
top surface of the lower grid. This distance provides length for flow
equalization after being orificed by the lower grid and allows the
diameter reduction of the tube end to start well away from the fuel
dead end interface.

Lumped burnable poison elements are substituted for fuel

elements, as required, to provide the desired nuclear characteristics.
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:éi;éo oloment;. which are unclad, contain iatural‘boron allqyed‘in
isf;;nloss ateelgh.The poison length may be easily varied by fhe.usa of
;éiaisoned "dead ends" which are mechanically'faétened and idékedvto
' the boron steel section. The poison length wae selected to bo tho
ifsame as the fuel length for the full length poison elements.j.In
Lladdltion. & number of two-thirds length poison elements are. includod
;:at tho apexes ot the control rod blades to satisfy the nuclear rc-
'.quirenenta. The boron ~ stainless steel poison elemonts contain

- 0.275 /o boron., As a result of extensive testing, no evidan;e of
any aignificant'éorrosion of this alloy, which contains such a rela-
tively small pgrcentage.of boron, has been found. Therefore, the
poison elements require no cladding protection.

Dﬁmmy core elements are incorporated into each peripheral
bundle to fill in space at the core periphery where the basic tri-
angular eleﬁent pattern ends, thus reducing flow requirements.

These elemenits are stainless steel tubes containing plugs to block
the flow. These plugs have a small bleed to elimirate the stagnant
water area.

B. Fuel Bundles

The active core contained within the shroud consists of
seven fuel bundles; one hexagon-shaped center bundle (Fig. II-2)
with six identical ple-shaped bundles located around the psriphery
(Fig. 1I-3)., Each of the periphéral buadles is individually held
and positioned within the core shroud as shown in the core instal-
lation drawing (372 - 2105002). The center bundle, in tura, rests
upon the lower grids of the peripheral bundles and iz pusitioncd
within their supporting guide_réil structure. The FTvel plement
spacing is increased betweenbbundlos to allow aasemﬁly clearances,

As will be discussed, stops are provided to maintain this clearance
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at all times during positioning.

Each peripheral bundle is constructed, dbasically, from three
control rod guide rails, an upper and lower_grid; & guide alignment
structure and the necessary core elements (fuel, poison and dummy).

Iie control rod guides provide the fundamental structural comnections
for the bundle. They extend over the full length of the assembly and
form a continuous track for the control rod wear pads. Fositioning of
the three guide rails relative to each other is achieved by a fit into
the alignment structure at their top and through the lower grid at the.
bottom. Sleeves thread over the portion of the guide rails which ex;
tends through the lower grid to lock it into }laco; These sleeves
provide the seat upon which the bundle rests in the core shroud, as
well as the necessary specing between the grid and shroud alignmenf
spider to provide inlet flow eqhalization. Each_sleeve is mechani-
cally locked into place-byvdoforhing its side wéll'into a co;r55pond-_
ing groove, A portion of the turmed diameter Qn.the guilde rail extends
through the slceve to fit, at assembly, into‘££e>p§sitioning géies.

in the core shroud's alignment spider. Correct upper alignment is
achieved through the alignment structure to the two alignment pins
located in the core shroud flange. Thus, each control rod guide rail
in a peripheral bundle is aligned at its top and bottom, and the
complete bundle is allowed free thermal expansion about its seat in

the core shroud.

The guide rails fit through cutouts iﬁ the upper grid and into
the alignment structure. The alignment structure ia pinned to the raills
and holds the upper grid in place by the use of a spacer and a seat on
the rails.

Each guide rail is contoured or, in effect, hollowed out to

provide maximum control rod guidance and overall structural rigidity
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while minimigzing material volume. This was desired to reduce the
total nuclear poisoning effect of the stalnless steel guldes. A wing
runs the length of each guide rail withinm the active core region. This
wing interlocks with the guide rail wing in the neighboring Iu§l bundle
to provide bundle spacing and prevent fuel element damage during the
insertion or removal of a single bundle from the core shroud,

Each of the core elements is fastened into the lower grid
with allowance for free thermal expansion into the upper grid. Thé
éonnection at the lower grid is achieved by inaerting the element into
a hole in the grid plate and mechanically expanding it into a counter-
bore at the lower 1/8 inch of the hole in the grid plate. Both a
mochanical bond against the grid wall and an interference fit within
the counterbore are obtainsd in this manner with loads of 700 to 1000
pounds required.to free an element. Free axial e#pansion into the
upper grid is provided by a diametrical clearance of 0,002 to 0.008
| inch. This clearance suitably restricts any inducﬁd vibration but is
sufficient to preveat buildup to the exteat that it cvuld caude am
elemént to freeze in placz.

For proper division.of flow between the inside and outside
of the fuel tubes, it was necessary to restrict the respective flow
3la£eas in the pioper ratio. 7To accomplish this while keeping the exit
V:flow restrictions to -3 minlmum, it is necessary. to neck down both ends
ykof egch fuel element. Although not required for this reason, all
ithreé tyres of core elements (fuel, poison and &ummy) were made with
similar end configurations. This allows the use of a single method
‘tor fastening the elements into the lower grid.. With both ends of an
element necked down and located between fixed grid plates, 1t is com-

pletely trapped even if the mechanical connection ware improPerly

made and a failure occurrsd during operation.
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The fuel region of the center bundle is almilar to the peri-
pheral bundles. However, support is obtained from tabs which extend
at three points from the center bundle lower grid to rest upon the
peripheral bundle lower grids. The center bundle'is free to expand
axially from this point with top radial alignment being obtained by
tabs bearing against the peripheral bundle upper grids. Three. solid:
rods extend axially along the length of tha center bundle to provide
_Apositioning for tho pickup plate and the upper and 1ower grids. Each
‘2bar _threads 1nto the lower grid, captures the upper grid through the
: use of a sleeve and secures the pick-up plate into place through thc
"use of a special nut, This nut, which completely locks the asaembly,
,:15 both encapsulated and prevented from rotating by the positivo
displacement of its housing into grooves in ‘the nnt.

The primary neutron source is located at the middle of the
center bundle where a core element has been displaced. Installation.
| of the source into the center bundle will be made Juet prior to 10adins
the core into the pressure vessel. Becauae of the relatively low source
.,strongth requirements and the ease of aesembly. thia operation may be
' -performed virtually by hand. The source is simply lowered through the

%upper grid with radial guidance (but free axial expanaion) provided by
_thg lower grid.

Ce Control Rods

s The doﬁlrol'pod (Fig. 1I-k) utilizdspd'l-ahaped configuration
£0 fit within the triangular core element patterno' Its poisdnad region,
’consisting of a eurOpium titanate (Eu2 3 - 274 02) dispersed in stain-
less steel, is contained within cladding of nominal 0.030 inch thick-

ness,

Each control rod is guided by weer pads on the lower edge of
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0.180 maximum distance from
theoretical ¢, to surface of blade

(distortion allowance)
0.180 maximum

\
\\

A\

\ 090 minimum

Section A-A

NOTE:
All dimensions in inches

Fig. II-4. Control Rod Assembly
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each blade and a wear ring located at its upper ﬁub. This wear ring
also integrally incorﬁératee the pickup ball utilized im latching to
—thévéontrol drive mechanism. The rod wear padélaro contained within
 the fhree control rod guide rails that run the fﬁli length of;each

| peripheral bundle. These pads provide the lower radial and overall
_ansular aligument for the control rod. Upper aliénment is obtaingd
through the wear ring, which is located withih'thevguido tube of the
-upper skirt assembly. This tube, split to allow control rod with-
drawal, interlocks with the alignment structure of each peripheral bundle.
As discussed p:evibualy. the rod guide rails also terminate in this
structure, thus providing a continuous structure for coatrol rod guid-
ance.as well as overall bundle alignment. Both the wear ring and pads
are made from hardened 17-4 pH material to minimiza wear between these

areas and the guidirng structure,

D. Poison Flates
Poison plates, one plate between each peripheral fuel bundle,

are installed into the core prior to shipuweut to guarantee a value of

"kéfi of less than 0,90.

The poison plates are approximately 0.7 "/¢ natural Eoron
stainless steel alloy corrugated pletes which are 062 inchese thick.
They are inserted irnto tha space between the fuel bundles, The

ylates are of a corrugated design to conform to the grid design.
The plates have sectione attached to the ‘top which will be

tr&pped below the core handling fixture, thus insuring that they
cannot become displaced from the core during shipment. As an addi-
tional feature, the poison plates extend below the fuel s¢ that the

small amount of movement allowed by the core handling fixture will

not effect reactivity.
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E. Core Shroud

The core shroud, shown in Fig. II-5, 1; employed bocth in the
shipment and operation of the feactor corees The shroud contains the
8ix peripheral fuel bundles, each with an integtal‘control rod, and
one ceuter fuel bundle. The shroud can, in conjunction with the core
handling fixture, is completely loaded with fuel bundles and control
rods and the entire assembly is shipped as a unit. The design is such
that practically no relative movement between the core compoments can
occur.

The core shroud wiead ;ladsd in the reactor pressure vessel
rests upon the pressure vessel orifice plate and runctions primarilyly
holding the fuel bundles and positioning them relative to the control
drive mechanisms located in the head of the pressure vessel. As
secondary functions, it provides the first thermal shield and directs
the primsry coolant from the pressure vessel orifice plate to the core
inleto An elignment spider is incorporated integrally into the bottom
of the shroud, Each of the six peripheral fuel buandles contained withina
the core rests directly upon this splder. Alignment of the bottom of
each bundle is assured through the use of legs which fit into the accu-
rately positioned holes in the spider. Although each bundle sits on
three legs, to ease handling during remote assemdbly, only the two
outermost are used for positioning. The centrally located hole is made
slightly oversize, providing a seat without accurately controlling the
location. Upper bundle positioning is accomplished by the fit of each
bundle's alignment structure over two alignment piné located in the
top flange of the core shroud. This flange aiao contains the glignment
sin. and weut used in positivning the skirt seseabdbly and shroud rela-

tive to the orifice plete. Tach of these pins is pressed to fit iamto
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place and, in addition.iis secured by a smaller lock pin. Tbéée lock
'pins are held mechanically and have their motion limited at assembly
by adjoining cdmponents. The general arrangement of the reactor-
shroud-bundle #bagmbly may be seen in Fig. 1I-5.

Fo Core Handling Fixture

The core handling fixture, shown iﬁ drawingt372 - 2106000;
is mounted atop the core shroud containing the fuel bundleslaﬁd control
.fods whenever the coré is handled. ﬁheﬁ the sfeﬁt.core is‘placed in
the spent fuel shipping cask, additional poison plates de;cribéd previe

iously are inserted between the peripheral buud;ea to provide avk‘ff
of less than 0.9. The core handling fixture iévtﬁen placedjih poqition
to lock the fuel bundles, control rods, and poison plates within the -
core shroud, .

The core handling fixture has three-rujsed lugs wﬁich may be
inserted into or retracted from their position in the core éﬁroud wall
by means of a cam plate, Safoty devices on the cam plate assure that
the lugs on the handling fixture are locked in eitaer of the;f extreme
pbait;ons - completely extended or retracted. When retracted.ﬁhe core
cannot possibly be handled with the special tools provided. nOnlj.whon
the lugs are extAended into the core shroud wail, thus assuring a t
unitized assembly, c;n the core be hardled. It is in the latter con-
dition that the spent core is placed into and trénaported by means of
the shipping cgak%, ‘

o The core handling fixture also has integral screw type gold
down mechanisms for each pe:@pheral fuel bundle t§ preclude minor 
motion or "ratfling". Tﬁsse devices are actuslly tightenpd sgainst
tha cop of each Bfifhe control rods which in turn rest on the tops of

the lower grid plates and thereby hold down the peripheral fuel bundles.
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Therefore, when the core handling fixture is installed, the
core shroud, fuel bundles, control rods, and poison plates essentially
become an integral unit which cannot be altered,

Ge. Conclusions

Based upon the foregoing design deecripfion. the following
hazards considerations are satisfied: .
(1) The fuel bundles, due tv their rigid posicicSnii:g "
within the corebshroud and inherent ruggedness, caﬁnot Se
rearfanged into a more reactive condition.
(2) The control rods and poison platés-cannot be dia--
pPlaced from the core uﬁder normal or accédent condifions
to create a hazard during transportéﬁiop.

H. Appendix

Figures II-6 through II-9 are photographs of the assembly
used for the PM-) gross flow test. Since, the units shown are teét
assemblies, the vhotographe show test instrumentation and other |
”vériétions from an 0pe£ating reactor core. In general, however, the
10perating core will be very similar to the asge@bliea as ahowﬁ. The

photographs are enclosed for illustrative purposes.
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Fig. II-8, View of Peripheral Bundles
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111, SHIELDING ¥

It is shown in this seotion that 7 7/8 inches of lead on
the sides of the cask and 8 1/4 inches on the ends will provide
adoqu#te shielding so that the gamma dose fequirements are mef both
during shipment by truck and by plane. The unnecessary lead shielding
at the‘outer corners of the cask has been removed to minimize the
weight during trunsit by plane. For shipment by truck, en auxiliary

ateel shield one-inch thick is placed around the caske.

As Fuel Element Activity

The gammsa activity in disintegrations per second due to the
spent coro is obiained from referen;§ Iliol as a funcetion of the gamma
enorgies for an irradiation time of two years and a o0ooling time of
one year. The fuel element source strength in roentgens per hour is
obtained by multiplying the activity by the energy dependent conversion
factor graphed in reference I1I-2, page 19. This informction ie listed
in Table III-1l for the signifiocant gamme energy groups. The dcse due

-to gammas in groups below 1 Mev is negligidble.

TABLE III-1 SPENT CORE ACTIVITY

Energy Average
Group Energy ale) ol®) (o)
v 2.5 Mev 4.88 x 107 3.75 x 1076 1.83 x 208

(a) A = activity in (%%%).

(4 -2

(b) ©C = energy dependent conversion faotor in (f;) s

% fThis chapter was prepared for the Edlovw Lead Company by Battelle
Memorial Institute and submitted to The Martin Company.
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(a) 8 « source atrensfh in (;f).-v
The gamma dose in shielding groups III.and IV is calculated
using the teohnigque oﬁtl;ned in reference I1I-2 page 360. According

to this development, the dbse_nt a distance d from the sidoe of the

cask is,
Bs

¢ =% - L* 5 [r(ez, b,) + F(&,, bz)}
. 8 |

where
= S/Z'HL

- leggth of aotive fuel region

L
B = dose build-up factor (ref. III-2)
.
t b= lead thickneaa

t = Bteel th1cknese

vd = distance from the ehield surfuce to the point where
~ the doae is caloulated

Zg = self absorption distence of source (ref, III-2)
b, “Movton *Mesbss /%
J4 = absorption coefficients (am-l)

L
e, - tan~l] 2-B
T+ 3, +d

‘92 = tan” 1? h + “‘ .
t « Z + d

h = diatanco above midplane of ocask

r(albz) - f e by 3o ede (ref. III-2)
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The volume fractions of uranium, stecl, and water in the

cavity ares

£

= ,00982
UO2

tSB - ‘322

‘nzo = .678

Knowing the volume fractions of the constituents, the absorption
coeffioiont "'/.4."' is ocalculated by . homogeniging the material inside the
cask cavity. The absorption coafficisents used in the caiculat:lons

40 follow aro listed in Table IIXI-2,

TABLE IIl-2 ABSORPTION COLFFICIENTS

ryl

Group lz"ﬁzo lﬁés s 0, /v V'

111 061 483  .609 = .642 0173

v Ol 348 438 AT 0129

Cs G Dose (Truck Shipment

The gauma dose requirements during shipment by truock are
less than 200 nr/hr at the cask surface end less than 10 mr/hr at
one meter from the cask. During shipﬁent by truck, an suxiliary
steel shield one~inch thiock is placed around the cask 6 inﬁhea fron
the cask surfaoce. |

The maximum gazma dose (91 - 2) at one meter with a lead
shield thickness of 7 7/8 inches and an auxiliary steel shield thickness
of 1.0 inch is galoulated below. The parameters are listed in a tabular
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form convenient for caloculation. The total thickness of the steel

encasing the lead is t _ = 3/4 inch.

TABLE III-3
Group b B b, t+2+4d 6 -6,
111 13.1 5.1  16.86 152.0 14.1%
v 9.67 4.8 12,70 153.3 13.96
Group 8, | F( 911:2) | ¢
I %94 x10° 9.5 x 1070 .158 x 10~7

v 3,82 x 10° 6.7 x 1077 7090 x 1077

Note that d » 1 meter + 6 inches in the calculations above. From the
last column, the total dose at ome meter is (= 158 + 7.90 = 8,06
nr/hr, vhich is less than the permissible 10 mr/hr at one meter.

The dose at the surface of the cask without the one-inch
auxiliary steel shield is calculated in the next 8eotidn ihere the
shielding for air shipment is considered. It is shown thers that
the dose aut the outer edge of the 3,0-inch fins is about 100 ﬁr/hr,
80 that the shielding will certainly be adequafe for truck shipnent

vhen the one-inoh steel shield is in place.

De__Gammp Dose (41; Shigment}

The gamma dose requirements during shipment by plane are
less than 200 mr/hr at the outer edge of the 3.0-inch fins and less
than 10 mr/hr at 3 meters from the cask. The unnecessary lead shielding

at the corners of the ocask has been removed to mest the airplane



PABLE III-5 SURFACE DOSE

111-6

P AR . PP T . - ._ Bs
Group b B b t+2 +d L
_ pb .2 8 At + 2+ d)
I 1231 k8 151 38.31 3.12 x 10"
Group h & '92 o F(@,0,) F(O,b,) é
III 0 44.0°  44,9° 8.5x107%  g,5x 1070 5031
'- y ' -6 | -6
Group h & e, F(@,0,) F(6,0,) o
III 10" 18.33  56.9 8.5 x 1070 6.9 x 107° 48l
I 10" 27.75 58 . & x107® 3 x10% 262
. | T
_Group h ,91 6.2 . ¥ 92.52) ‘ ®( 61&2) " v ¢
III 15" © "~ 60 8.5 x 1070 0 2.65
IV 15» 0 = ~60 8 x10°6 o 9225
(Grouph 6, 6, r~ (ez’”z) P(©,,1,) | ¢
III 20" 18.33° ~65 8.5 x 1078  -6.9 x 1078 0.5
IV 20" 17.75° ~65 & x106 3 x107¢ 23
Group h q 6, 5,009, &F &
IIT 30 449 T1.45 . 2143 .
IV 30" 43.8 70.85 15.78 1.05 x 10°8 _o.24

¢ < o.z}i‘%
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For h = 30 inches, an upper limit was plaoced on ArE !bé)

by using the definition of P(€,b,). Tms,
.y ' . | ’% -b_sec O

AP --F(e,z,'bz) - F(Gl,bz) - blle 2. de

2 «b_sec O «b éeoe '

£ F 2 2 de - e 2. 2 '(62-61).

Por group IV, AP<eTI3T0 (10:82 =38y 305« 1078

?ﬁe results of the calculations in Table III~5 and the
:eaulté of a similar caloulation for another lead thickness are shown
in Fig III;I as a plot of surface doge véraua lead thickness as a
funotion of exinl distance from the midplane of tho cask. Fige III-1
has beeﬁ used to construct Fig. III-2 wiich is a plot of the cask
height versus the lead thickness required to mako the outer edga of
the fins a 100 mg/hr isodose surfaoe, providing a dose safety factor
or two. Fig III-2 also shows the amount of lead removed in the
final design. Note that the full active fueled length of 30 inghes
ie shielded by 7 7/€ inches of leed and that 5.0 inches hive been

removed from the cask radius et the enda_ of the cazks

E. __End Dose

The gamma dose at the ends of the caesk must bo less than
200 nxr/hr at the surface and less then 10 mr/hr at 1 meter. A
conservative estimats of the dose et tho top of the cask is caloulated

according to reference III-2, p.364, as

BS_ E sec?
63 [non - 2]

sec 0,

vhere S' » *=>——u gource strength per om’ (Table I1II-1)
KL
X

B, = inside radius of oask = 12 inches

b = / Lpbtpb * /astas
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o0
ORI A

b 4

-1 B

‘?1 = tan
%+ (I.° + d

db = distance from top of active fuel region to top
of cask cavity = 15.25/2 inches

The dose at 1 meter for the final design lead thickness

of 8 1/k inches and the surface dose are caloulated in Table III-6.

The angle 691 is

6, = tan"t _30:5

1 52,75 a
where R1 = 12 inches = 30.5 om
tpb = 8.25 inches
- 42.74
tas. 1 inch 74 cn
d.° = 74625 inches
PABLE III-6 END DOSE
B3
-3
Group bpb B bl 10 5' g“i E-E.
. ’~§A

d = 1 meter, sec 6, «1.0227




TABLE 111-6 EHD DUSE (continued)

I1I-9

Group b, sec 91 Ez(bl) Eg(blaec 31) ¢
sec 61
IIT 1478 3.4 x 10" 2,25 x 1078 +185 x 10>
IV 10.87 2.1 x 10°%  1.s565x 108 8.7 __x 1072
aE
8.9 e
= 0, seoc 591 » 1.23
Group b, seo 91 Ez(bl) ﬁg(blseo 5!)
' 890691 _ ;b
111 17.72 3.4 x120°°  .812 x 1077 .535 x 10~
v 12.08 2.1 x 100 1,14 x 1077 32,6 x 1072
33 4%

From the last column in Table III-6, the total doses aro

8.9 mr/hr at one meter and 33 mr/hr at the cask surface.
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IV. CRITICALITI CONSIDERATIONS

A nuclear analyasls was performed to evsluate:

1.) the'k° of the fresh, full core including cortrol

£f
rods while in the shipping'§ask. znd

2.)"thq poia@n;ng required, if ény, tc lower the k.ff
fo a value of 0.%0.

Thé results of the fresh core analysls showed thgt keff

for the core in the design cask is 0.921,'

An analysis was mads to determiué the ef%ecﬁ of adding
boron to the inner stainless ateel liner ¢? the cask. Théifésﬁlts
were unsatisfactory; the addition of 2 uw/o 3-10 reduced kéff tb'
0,913,

The addition ¢f a nesutron peiéon inserted into the. core
was then considered. The polson element sirlectod is 2 naturel
boron - stainless steel sheet 1/16" thick. The sﬁeet takes en |
approximate siue-wavg forn and ie placed in the C.110 inéh'slotﬁ
between the peripheral tundles of the corzs A tetal of 6 such
elements are used., They enter radiallﬁ from the ceater of the
core and are located in the 2 to 8} inch radid segment as sboﬁﬁ
in Fig. IV-l. The elements extend grea@er ttan the full 1eng€hA6f
the céreo

. The'resultsvof the analysis show :hat these poizon ele-
ments containing 0.7 waight percent natural. boron will lower keff
to below 0.895, The deitails of tke analysiv are given in the
following sectio;a |

A. Description of the Analyzls

keff

diffucion code, program F3 (Ref. IV-1). The gcmetry consists of'n

was determined by a three group, radial, multiregion
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one reglon core surrounded by water, shroud can, and 5 ceék

regions. Boron-10/stainless steel lumped poison rods were

agsumed to be uniformly distributed iﬁ the core, and the reactivity
calculation was repeated for several values of boron-l0 concentra=
tion. Thermal and epithermal self-shielding factors were obtained
from a previous study (Ref., IV-2)., From the reactivity calculations

keff vas determined as a function of the thernal neutron abszorption

due to the added poisor. This relationship is showm in Fig. IV-2,

The thersal neutron absorption is given by:

B-10 _ 8§ ; :
Fin (Faqola — + ¥ 07 ) @ )

where:

?th s thermal self-shielding factor

N5.10

NSS = atoa density of SS

0:3“12 thermal absorption cross section of B-10

ss
Ta

¢% = gverage core thermal flux

= atom dengity of B-10

= thermal absorptlon cross section of stainless steel

The value of the above absorption correspoading congar~
vatively to k_,, = 0.895 was set equal to the tharmal neutxon
absorption of the declgn poison elements, which is given by:

’ ‘ B-10 A '
&n Ms20 0w Po (2)
where the prime denotes the design poiscn element. The aboorption

due to stainless steel was neglécted previding an additional margin



TRATIND Parts

..

a{‘,ﬁ

FT70}

AB50

I

eyt

iF

N

G.C

i

T et
al

IR

e

7,

LINED

3

Vrd.3

e

THERMA

ORPTID!

5

FRESH | C

TEnTe
R I

RS FOW

i

SERE!




IV - 3

of conservatism. The resulting equation was solved for E?Qh 88
a function of N B=10' cther quantities being known. This function
is shown in Fig. IV-3, where R B-10 13 given in terms of weight
percent of natural boron. The curve defines those cbmbinatione
of weight percegt natur&l boron and self-shielding factor for the
design poison elements which will lower the keff of the core te
below 0.895. For a given weight percent natural boron values of
the self-~shielding factor which lie above the curve correspond ¢o
to values of k,pp less than 0.895. |

A design poison element containlng 0.7 weight percent
natural boron was selected, and the thermsl seli-shielding factor
was determined by a one group transpert calculation (Ref. IV-3).
The calculation assumed a slab geometry with the poison element
surrounded by a homoéenized core region; The éalculated value is
0.526. It is seen from Tige. IV-3 that this value exccede that
required, i.e., the 0.7 weight percent polson element is more than

adequate to provide a k_,. below 0.895,



Y. HEAT TRANSFER -~ WATER COOLANT PRESENT®*

This section of the report demonstrates the heat transfer
capabilities of the cask. The cask is designed to remove 2&W of
decay heat from the spent core with water coolant present. The rate

of decay heat released from the spent core is shown in Fig. V-1,

Ao Heat Transfer Inside Cesk

The heat transfer inside the cask is calculated in this
section. The fuel elements are cooled by water circulating by nat-
ural convection up through the fuel elements and down a 3/8 in.
annulus around the inside perimeter of the cask. The fluid flow and
heat transfer are described below by integrating Bernoulli'’s equa-
tion around a flow loop and performing heat balances over the fuel
elements and c#sk wall.

1. Developrnent of Heat Transfer Egquations - Consider first the

Bernoulli equation for the system in differential form

i%? =z 42 «+ !§! TS &F (1)

where the notation is defined in Table V-1,
If the equation above is multiplied byf and integrated
around a complete circuit and the kinetic energy term is neglected,

the folliowing equation resultsg:**

-§ap = 0 = §paz +par
or -gpdz zfpdrl‘g §F (2)

. This chapter was prepared for The Edlow Lead Company by Battelle
Memorial Institute and submitted to the Martin Company.

*% BSee Table V-1 for nomenclature
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Letting f- F (1 - ‘51’), this becomes

PRT - oy, =§fdr . ()
where - L v (2)az - T (2)dz
'ri-f, 11. and'l‘ocff;_‘-’—f‘—

Equation (3) i1s the flow equation which must be satisfied,
In addition, the continuity equation must be satisfied,

ViAy = VoA (%)
The heat balance equations must now be considered. Since

the velocity and heat production are uniform in the fuel elements,

(L) = T(0) + E}'ﬁ%ﬁ; = 0) + ) (5)

and

= o L) + T(0)
i 2 (6)

-3

In the outside flow annulus, tite following equatiocn is

satisfied:

n Pir(z) _ b PAT

ar(z) - e 0 0
4z Copv K~ Cppv_h,

Thus N
(-]

(z) = [NL) - To]e“"““z’+ 0y (7)

where h P“
He =22
Cpfvvo

Equations (2), (5), (6), and (7) can now be used 5 obtain

(0) = T, + e"“‘ (8)
-
1l -
(L) = T, + ¥ 9)
~oxlL



F a1 + L (10)

.1"1-1' 01“(14»

° TN (T =) (v
Finally using (10) and (11) in (3), N
-l
pn,[ (!-._.*_..9__.__..‘....)- 1] = aF
P ©7 sE ) (12)

Neglecting end losses, the friction pressure drop term becomes

f e be, Ly pv 2 L 2
PoF 1 (7P 1 + 42 (39 pYo
"l ° P 2 3

For large &L, the term in the square brackets of equation (12) sim-

plifies to'%%% « Using this simplification equation (12) becomes

2
Ly =
f@tl. (d) b, (L)P 4 + bt (L)P (14)

Using the heat transfer and friction factor correlations, equation

(14) can be solved for v orV Knowing the velocities, the

i.
temperatures can then be calculated.

TABLE V-1 - HEAT TRANSFER NOMENCLAYURE

Q = Tatel pwarppge asviel powar in s

Z « Axial distance from bottom of fuel element, ft

3
"

Temperature of lead cask wall, F°

»3
~
o
~r
n

Temperature of fluid at bottom of fuel element, F°

3
~
3
A
]

Temperature of fluid at top of fuel element, F°
v = Fluid velocity, ft/hr

P e Pressure, lb/ft2
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TABLE V « 1 (Continued)

P = Density, 1b/1t>

F r. Fricfion head

A? = Density-temperature coefficient

E; = Average fluld temperature inside element

?; s Average fluld temperature outside element

A = Flow area, ftz

Pg' = Heat transfer perimeter of lead cask on inside surface, ft
¢ = Friction factor | | |
D = Equivalent diameter, ft

ho = Heat transfer coefficient at cask wall, BTU/(ftz)(ﬁf)(Fé)

k = Thermal conductivity of liquid, BTU/(hr)(ft)(F°)

cp = Specific heat of liquid

2s__Calculations - Laminar flow conditions exist in the cask so that

£ = 16
oy
and vac Y3
By mlmE ‘_f__;_f_a
°
Using these relations, equation (14) can be solved for Aivi, or
R
(A1v1)2°678 c 5 Q T 1 T
G 2+iD
171 [

zg& 2/3
Lk
C= 153 ’lcp (-—-——GPP )



For the core,

2
Ay

Pi = 3540 in

ba
> o245 4in

4

= 217 in

b §

Aibiz = 13,05 in

For the 3/8- in. annulus between the core and the inside perimetér
of the cask wall, |
| A, = 3/8 T (23-13/16) = 27.2 in®
P = (2h + 23-5/8) = 148.7 4n
DB = %A = &§%§f%l = 4732 in
P = 7 (24) = 75.4 in

2 b
Aonb = 14,55 in

The coefficient C does not vary greatly with temperature 50 that

it can be evaluated by assuming Tav= 175°F. Then,

T, = 175°F ,23 = 60,7
k = 389 B = 3.64 x 10'4

. 3 BTU
cp = 190017 Q z 2KW = 6083 x 1O br
P 871 L = 45 4n

Substituting these values, we get C = 68,9,

and

B
Q5 2 .05 x 10°

]

(2,7,)2°¢7= (68.9%.05 x 10%) 1

1 + 1 Ny
(33555 TH55)12)

and

= 1.61 X 104



Thus,

and

also,

1
4, “2.87 £
AV, = AV, (1,61 x 10') m 36,3 S

£t £t
Vi w 24,1 br, Vo = 192 it
NRQ = 343
i
NR° = 816, so that the flow is laminar as was sssumed.

Knowing the velocities, ¢( and § can be evaluated and the

fluid temperatures calculated. Thus,

/3

VA

k foo .
by = 1.7 3 (g~ ) =128

H
h p g
A w2l w364, AL = 1,37, and = =B = 3,10
Cp‘ovvo , CpFVOAo
The temperature at the top of tie cask is
(L) =T = ¥ L = 4.,15°F,
° l1-¢

and at the bottom of the cask

re el

™0) - T = 7 = 1.06°F.

l -e¢

B, Temperature Drop Through the Lea:l

The temperature drop through the lead wall of the cask can

be conservatively approximated by the temperature drop through the

wall of a gection of length L cut out of an inflnite hollow eylinder.



Thus,
R
AT = — in 4
pd ZirLkpb R1
where
3 BTU
Q = 6,38 x 10 o
kpb = 19
Rl & 12.25 in.
Rz s 20,25 in.
L= 45 ino'
md Apr = 7066°Fo

C. _Heat Transfer From Outside of the Cask

Eeat will be transferred from the outside of the cask to
the surrourding air by convection and radiation. Vertical fins have
. been placec around the outside perimeter of thg cask to increase the
heat transfer area. Heat loss by radiation from the outside has
been neglected to provide an additicnal safety factor.

1. _Development of Heat Transfer Equation - As in the treatment of

natural circulation in the cask, the Bernoulli equation is inte-
grated around the fluid flow path (up through the fins and into the

ambient air)., Neglecting VAP, we have:

&7,
7(2) = (T. - To)e 4 ’1‘o
o) = heffp
* CppVa

-§fdz - L(p- )

1 L
=i e F «



8

v-

~atf:

-=aRf1 2 __1 ln[r°+ (T,-To)e ]}

Pa-F™% T, ~ T, “«LT, T, ]
A {1-x-3l-_-1n[§+ (1--})&'“}}

T «? « -3
VACpf‘(l -e

QL) |

Q
VACpT‘ﬂ (1 -e"

)

Equating the buoyant pressure to the frietion pressure

drop yieslds

where

X 1 1 -G(L‘

v, (-x-Jpmf} e a-ped)
2 2

L \'4 v

= #f('ﬁ)ﬁ('z-g) + 1.‘4-2-&--

T‘ = abdsolute ambient temperature
Te = cask wall temperature

h r = h?l (Refo V-l; Pe 236)

ef
A = flow area between fins around entire cask perimeter
P = total heat transfer perimeter around fins and cask

surface

The addition of 1.4 velocity heads to the pressure drop

compensates for entrance and exit losses.

2. Calculations - The fine are 3 inches long, 3/16-inch thick,

4.5 feet high, and spaced on 1-3/16 inch centers around the outside

of the cask. The fin efficiency is



2 .
N - LanE VTR o,y W BL
1) kt

where
l = fin length = 3 inches
h = heat transfer coefficient
k = thermal conductivity of fin = 9 Btu/(hr)(ft)(F°)
(stainless steel)
t = fin thickness (3/16 inch)

The temperature of the cask is determined by guessing a

value of Q and calculating the cask temperature. Then a check
lﬂ VACD
a

is made to assure tha* the buoyant pressure is equal to or greater

than the pressure drop.

Assume = 33°F

e
f%YACp
Q = 6,83 x 10°

Number of fins = 109

psl%ussa.srt

A= l—x—%‘.ﬁf—]—'gg s 2.27 ftz

'1'a = 590°R

Cp = .24 BTU/1b °F

k = ,017 BTU/hr ft °F
V = ,048 1b/ft br

p = 063 1b/tt>

DE = &-is%ggz = 145 ft
f;VACp a 207

fv = 380



V - 10

1/3 .01

= k_ olAo 207
b, =21.75 Dy YKL ) = 1.75 1

5 (.zlo X 109 x .017 x 1@.3)

= .965

° 6 b 4
b= 9 x 3;13 x 12 428

ﬁ?z 2930

tanki 2b .222
1==FF =355 = 787

h,op =ZNh = 785

0( = 028522;?6292 = °237

e-d!- - e"loo7‘g .}44

Q- e-“L) £ ,656

e ]

‘o 6.83 x J.O3
o 1- 367°% 590 x .85¢ = 1-0853

] [

(To - Ta) = S50°F

Buoyant pressure is given by
-

f .921 |
Py = b5 x .063 1 - .921 - -1—:10-7- 1n [1.0853 - (1 - 1.0853).3441:

= 00088 .

Actually, the buoyant pressure is somewhat higher because
the air jots at the top of the cask extend the effective length,

Friction and turning losses are given by

_380 x 6040 64 4.5
APp ¢ * 3% .18 x 108 [ T150 %1163 * 1"’] = .0086



V-1

Since the available pressure is greater than the press-
ure drop, the temperatureAdrOp is satisfactory. The Reynolds
aumber of 1150 is in agreement with the assumption of laminar flow.

Even with this conservative calculation, the total temp-
erature difference between the ambient air temperature and the
maximum water temperature is 4.2° + 7.7° + 50° 62°F., Thus,
the water will be under 192°F with the 125°F ambient assumed.
Sizeable contributions to the heat transfer may also be expected
from end losses and radiation losses.

At an altitude of 30,000 feet, the boiling point of water
is lowered to 157°F. However, the ambient temperature in the plane
is no higher than 70°F so that the temperature difference between
boiling point and ambient at 30,000 feet is approximately the same
as that for the assumed ground conditions. Pressure transients
will not exist as the aircraft rises to 30,000 feet since the
temperatures at the reactor pla;£ sites are considerably less than
the 125°F ambient assumed for the designs

The profile of the cask makes the actual fin area slightly
greater than that used in these calculations. However, this has

been neglected to simplify the calculations,.



_ Yiel
VI HEAT TRANSFER « "DRY" CASK

- This chapter presents the heat transfer analysis of the
shipping eaei loaded with»a spent eofe under loss of coolant conditionsa.
Coolant loss from the cask may occur during its shipment to the
reproceeeing facility. The fdry" core is analyzed to determine the
eoneeqnent gaximum fuel element tehperature due to fieeion pioduot
decay heat. This eeak temperature is then compared to the elloeable

fuel temperature based on fuel element rupture discussed in Chapter

vil.

A. _Heat Transfer Anelzeie

The heat transfer analysis is based on the continuous
generation of 2 KW of spent core after-heat., This heat rate
corresponds to two years of full power operation and a subsequent
one year etoraée at the reacter plant.

The "dry" core is coolad by means of air ciroulation
between <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>