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SAFETY ANALYSIS REPORT FOR PACKAGING (SARP)
OF THF OAK RIDGE NATIONAL LLABORATORY
IRU CALIFORNIUM SHIPPING CONTAINER

W. D Box. L. B. Shappert. R. D. Seagren, B. B. Klima .*
M. C. Jurgensen. C. R. Hammond.**and C. D. Watson

ABSTRACT

An analytical evaluation of the Oak Ridge National Laboratory TRU
Californiumn Shipping Container was made in order to demonstrate its compliance
with the rcguiations governing off-site shipment of packages that contain radiocactive
matenial. The evaluation encompassed five primary categories: structural integrity,
thermal resistance. radiation shielding, nuclear criticality safety, and quality
assurance. Tue results of this cvaluation deinonstrate that the container complies
witn itic applicable regulations.

1. INTRODUCTION

The ORNL. TRU Californium Shipping Container was designed and fabricated at the Oak
Ridge National laboratory. The design was analyzed' in 1971 and reevaluated in 1974 to
demonstrate compliance with the regulations. The results of the analyses are presented in Sects.
2 through 8 of this report. The package was inspected to ensure that it was in accordance with
the drawings prescnted in Sect. 9.1.

The primary usc of the container is tv provide impact and thermal resistance, as well as
shielding. for its contents during both normal transport and hypothetical accident conditions.
The package is shipped by truck only on its own specially designed trailer. It can be
transported by other modes if nccessary. It complies with the Nuclear Regulatory Commission
(NRQC) regu...iions contained in the Code of of Federal Regulations, Title 10, Part 71:* DOE
Manual Chapter 0529;’ and all Immediate Action Directives (IAD) in effect as of this report
date. The cask also complies with U.S. Department of Transportation regulations published in
the Code of Federal Regulations, Title 49, Part 173.*

Calculations, engineering logic, and all related documents that demonstrate compliance with
specifications are presented in subsequent sections of this report. Copies of the approval
documents arc reproduced in Sect. 9.2,

Onc shipping container was fabricated and originally assigned ORNL No. 10-§-21-211.
Later, the Department of Transportation assigned Special Permit No. 5740 to the container,

*Retired. Present address: Roane State Community College, Harriman, Tennessce.

**UCCND Engineering.




1.1  Descniption of the Package

The TRU <Californium Shipping Container (see Fig. 1.1 and the engincering drawings in
Sect 9.1) weighs 23500 Ib and consists of two 1 2-in-thick. 66-in.-diam stainless stevl
hemispherical heads jommed by a 6-in. cylindrical section. The cilindrical cavity s 3 in. in
diameter by 6 in. long and is shielded by 30 in. of Blackbumn limonite concrete having a
density of ~I75 Ib ft.’ Reinforcing steel ties the concrete to the outer shell and the cemtral
cylindrical cavity. The wall of the cavity is l-in.-thick stainless steel. Upper and lower ball
valves located at the end of concrete-filled plugs define, isolate, and seal the cavity. The plugs
utilize O-ring seals, are bolted in place. and are protected with a gasketed cover plate. Fusible
plugs. which will melt in the thermal aspect of the hypothetical accident. will peanit steam
from the concrete 2nd gases from the cover plate to escape (see Fig. !.1). The typical hall
valve. ball valve operator. and seal plug arrangement are shown in Fig. 1.2,

The top ball valve and plug may be replaced by other plugs. permitting multiple source
shipments (see Fig. 1.3). Sources are contained in 2R or special-form containers (see Sect. ).

The TRU Californium Shipping Container is shipped on its special trailer (sce Fig. 1.4). A
l-in.-thick octagonal deck plate is welded to the trailer. Four chocks welded to this deck plate
locate the container. The base of the container is attached to the deck plate by eight 2-in.diam
bolts. Four of the eight lifting rids are used as tie-down points and are attached to the trailer
by 7 8-in.-diam cables.

1.2 Contents of the Package

The cask is désigned to transport isotopes of americium. curium, berkelium, californium,
einsteinium, and fermium as a solid {<ither metal. oxide, oxysulfate. or dry saly that will be
carried inside the cask in a 2R or special-form capsule. The maximum quantity of any or all
radionuclides shipped will be 3 g. which is defined as a large guantity.' The cask is designed
for a maximum heat load of 5 watts {17 Btu hr). The quantiiies shipped will be limited by
external dose rates and o: by internal heat loads.

2 STRUCT!RAIL EVALUAVION

The package complies with the structural requirements of the regulations (see Sects. 2
through- 4). The calculations, test results, and engineering logic presented in the following
sections dcmonstrate compliance with thesc performance criteria. The cffects of both normal
transport and specified accident conditions vn the .tructural integrity of the package are
considered.
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2.1 Mechanical Properties of Materials

The mechanical properties of 304L stainless steel and limonite concrete are summarized in
Table 2.1.

2.2 General Standards for All Packages

The general standards for all packages include an evaluation of the followwng: (1) the
chemical and galvanic reactions between the materials of construction and tke intended package
contents; (2) the method used for closure: {3) the cask-lifting devices, (4) the lid-lifting devices;
and (5) the and tie-down devices used in securing the package to tke trailer.

2.2V Reactions between materials of construction and package contenis

The conunner is constructed. as shown in the as-built drawing (see Fig. 1.! and Sect. 9.1),
of type 3041 stainoss steel and limonite coacrete. No evidence of any significant chemical.
galvanic. or other reaction between these materials has been noi=d: additionally. past experience
has not revealed any indication of reactions between these materials of construction and the
intended package contents. Even if the contents were shipped in the chloride or oxysulfate
form. they would be welded into a primary container capable of withstanding the action of
these salts and thus would present no reaction problem to the cask materials.

The cask 15 equipped with a positive closure consisting of two cover plates. one on the top
and onc on the bottom, held in place with twelve | 2-in.-diam bolts. The bolts on the top
plate arc scal wired in place to indicate tampering with or opening of the cask: the botiom
plate is inzccessible in transit.

2.2.3  Cask-lifting device

‘The regulations require that if there is a system of tic-down devices which is a structural
part of the package. this system must be capable of withstanding a static forcc applied to the
center of gravity of the ~ackage with (1) a vertical component of two times the weight (2W) of
the package and its coutents, (2) a horizontal component along the direction of travel of ter
times the weight (10W) of the package and its contents, and (3) a horizontal component in F.
transverse direction of five times the weight (SW) of the package and its contents. This applied
load shall not generate stresses in any material of the package in excess of the yield strength of
that material. In addition, any tie-down device that is a structural part of the package must he
designed so that failure o1 the device under excr.sive load will not impair the ability of the
packagc to meet other reguirements of the regulations.




A -

Table 2.1. Mechanical properties of 304L stainless steel

and limonite concrete

Specific energy,
in.~1b/in.3

Yield stress, psi

Dynamic properties

S min 10 x 10"

S max 26 x 10%

o 61.2 x 103¢
S

Stainless steel Limonite
Properties Symbol 304L concrete
Static properties
Tensile yield stress, psi oy 30 x 1032
Allowable shear stress, psi T 15 x 103"
Ultimate shear strength, psi T, 61,0002
Young's modulus, psi E 30 x 1092
Poisson's ratic v 0.32
Weight density, 1b/in.3 Y 5.29¢ 0.101d
" Thermal expansion coefficient,
per °F a 9.6 x 107®

3nternational Nickel Company, Inc., Mechanical and Physical Properties
of Austenitic Chromium-Nickel Stainless fizel at Ambient Temperatures,

1963.
bSOZ of tensile yield stress.

L. B. Shappert, Cask Designers Guide, ORNL NSIC-68, February 1970.
d

. B, Klima and L. B. Shappert, The TRU Ten-Ton Californium Shipping
Container, ORNL-TM-3505 (Nov. 1971).

®Based on minimum ratio of yield/ultimate values for bolts as indicated
in Table 5.1 and on minimum tensile strength of 95,000 psi (p. 55)
given in D. D. Cannon's Structural Analysis of Shipping Casks, Vol. 12,

Energy Absorption Characteristics of Stainless Steel Bolts Under Impact

Loading, ORNL-1312, Vol. 12 (May 1972).



Ihe Calitornium Shipping Container is designed o be lifted by holes in amy two ot cight

Iiting nibs that are symmetrically spaced around the cask. Both the ribs and the cask body are
tabricated trom 3031 stamdess steel. The lilting rib i analvzed in two wavs: (1) to determine
whether the stresses around the hlung hole are below the temsile vield stress (or the shear yvield
stress of 304 stunless steel). and (2) to determine the adeguacy ol the weld between the rib
and cask body.
Stress around the lifting hole.  Typically. the cask 1s lifted by two of the lifting ribs. However.
it is teasible to lilt the cask using one of the lifting ribs: thus it will be determined whether
stresses above vield are produced for one rib supporting three times the cask weight. The rib is
shown in Fig. 2.1. The rib at the lifting hole 1s assumed to be a curved beam with fixed ends
spanming the diamcter of the hole. Stresses in the curved beam can be found by calculating the
stresses in a straight beam with dentical fixity and loads and adjusting the stresses to account
for the hyperbolic distribution of strain across a curved beam.

The maximum moment on the beam occurs when the load is centrally located. The load is
assumed to act on a single line across the minimum thickness of the rib. The maximum
moment produced by the load 3W (three times the weight of the cask) is

3WL_3Wd4in)

=15 in.- (l)
% 5 1.SWin.lb.

M=

according to example Id from Table 3 in Roark and Young.’

The maximum stress in the straight beam is gmse = Mc /. The cross section of the beam under
consideration is shown in Fig. 2.2,

For convenience, the cross section is represented by a rectangle with cqual area.
The depth of the rectangle, d, is expressed as

d=3 2{1/2.25)?%] = 29375 n. (2)

The moment of inertia, /. of this representative cross section is
I=bd 312 (3
= 120129375 =211 in%,

Maximum stress on the corvex side of the straight beam is expressed by

¢
” = I.SW%ZIL_;375/2)= 04 W, (4)
and on the concave side the minimum; stress is
o= 104W, (5)

Stress ampli(ication factors are taken {rom Example |, Table 16 in Roar‘k and Young.' By
definition,
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Fig. 2.1. Lifting lug eye.
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o. = ko.
a9, = koo.
where
o, = actual stress on cxtreme fiber (concave side).

0. = actual stress on cxtreme fiber (convex side).

Q
"

also,

where

h/c=R/¢c -

'"(m’ﬁi;)

We have

20625 + 2.9375

R/c= W= 240 ,

2

ln(Z40+ I)
240 - 1

h/c=(2.40) -

1045

ki® 3015 240730

1+0.15 _

ko = 1/3(0.15) 40+ 71 -

0.77 .

ficticious stress on comparable fiber of straight beam;

=045,

6)

7N

(8)

L))

(10)

)

(12)
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Stresses at the extreme fibers of the cuned beam are

a, - ko, (13

where

.

L.3%-1.04 W) = 1.3%-1.04x23.500) = -34.000 psi.

a, = 077104 W) = 0.71(1.04%23.500) = 18,800 psi.

The maximum shear in a curved bear. 1s a function of the cross-sectional geometry and
the initial curvature. Equation (5.13) from Oden’ was used to determine shear stiess in the lug
eve. The equation was programmed for a Hewlet-Puckard 97 calkculator. and the shear stress
was calculated at various points across the cross section. The location of the maximum shear
stress was found to within * 0.025 in. At that point. the shear stress had the va2lue

r=057V, (14)
where
V = 3w 2

Substituting. we have

r .. =0.57 2 = 0.57(3/2)(23,500)= 20,100 psi (15)

The results of this analysis indicate that if one lifting lug is used to support thice times
the weight of the the cask, localized yielding occurs. This loading case is a severe onc for the
lug since the load passes through the arca of the web with least width. If the cask is lifted
with two or more lugs with a standard sling or a sling with spreader bar (which is the normal
method of lifting the cask), the stresses in each lug will be reduced to less than half of the
stresses calculated for lifting by one lug. Yielding will not occur if two or more lugs are used
to lift three times the weight f the cask.

Analysis of the weld between the lifting lug and cask. Stresses in the weld betwcen the
lifting lug and the outside shell of the cask are checked for the hypothetical case of lifting
three tiraes the weight of the cask with one lug. For convenience the weld is projected onto the
chord of the cask as shown in Fig. 2.3. The coordinates of the erd peints of the chord and of
the center of the lifting eyc relative to the coordinate system shown are given on the figure.

Depending on the orientation of the lifting force, 3W, differing amounts of shear and
normal force in the weld are produced. Assuming that the force is parallel to the chord shown
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Fig. 2.3, Lifting lug.
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in kig. 2.3, mostly shear 1s produced. If the shear is assumed to be uriformly distributed over
the projected arca. the shear at any point is

3w 3(23,500) Ib. . (16
TTOA T A3 mvecos45®) [31.687 - 0)2 +(9.4375 - 33.0625)432
= 3360 psi.

where the nominal size of the fillet weld on each side of the lug is 3 8 in., and the throa: of
the weld fies on a planc inclined 45° to the lug. ~ moment is also produced wite the
magnitude of 3W times the distance (d) to the chord from essentially the centur of the lifting
hole.

Assuming that the weld acts as the fixed end of a cantil.ver beam. the stresses in ih:
extrere fibers are

M W09 )2

g=-%—=

' A1/12)13/8)cos 45°{(31.687,° 24(9.4375 - 33.0625)%} °

(n

=20.24W=2+0.24(25.500)= % 5640 psz,

where
d = 1092.

If the load is oriented normal to the chord, shear is not produced directly, but a morment
is still produced about the centroid of the weld area projected onto the chord. The moment
arm is the distance from the midpoint of the chord to the line of action of the force. This
distance is

M= [(27.75 - 0)* +(26.00 - 33.0625)* - (10.92)*]!/2 (18)

- 172/(31,687 - 0)* +(0.4375 - 33.0625)

=6.71in.

Stress in the extreme fiber, with the cantilever beam analogy, now is

a=:;_w . 3m7.715 (19)
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or. in particu;ar

W
© T A3.8)(cus 45°) [(31.687 - OF +(9.4375 - 3306258 |2

. 3Wt6.71 in )12 _
AVIN3/ 8 cos 457 [131.687 - 09 +19.4375 - 33.06258) °

= 0.289 W= 0.289( 23.500) = 6 790 psi.

To cover cases between the two extremes. the absolute values of the siresses arc summed.
The maximum shear stress in the weld is

2 172
) +c3360|’] 20

~+

_ 176790 + 5640
Tmax = (

= Q70 psi.

Since this is weil below the allowable shear stress of 14,000 psi, the weld is clearly zdequate to
support 3 times the weight of the cask.

2.2.4 Tie-down device

The primary tie-down for the ten-ton TRU saipping cask is z set of eight bolts evenly
spaced on a 56-in.-diam circle. The bolts pass through the octahedral base plate of the cask
and are threaded into a plate fastened to the bed of a trailer. Cables also connect the iifting
flanges near the top of the cask -2 the trailer and serve to steady the cask while in transit.

The tie-down devices are required to be capable of withstanding a static for~¢ applicd to
the center of graviiy of the package with (1) a vertical component of two times the weight of
the package plus its contents, (2) a horizontal component along the direction of travel of ten
times the weight of the package plus its cortents, and (3) a horizontal component in the
transverse direction of five times the weight of the package and its contents. The applied load
is not allowed to generate stresses in any materiai of the package n excess of the yield
strength of that material. Also, any tie-down device that is a structural part of the package
must be dcsigned so that failure of the device will not inipair the ability of the package to
meet other requirements of the regufation.

Analysis. The properties of the materials are listed in Table 2.1.
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No credit is given to the tic-down cabies to resist tie hypothetical set of forces. Figure 2.4
shows the forces that will be considered in an analysis of the bolts. The vertical (2W) force
produces no moment in the bolt pattern, and it will be considered separately from th: two
hoiizontal forces. but the effects of all the iorces will be combined later. The horizouatal forces
can be summed vectorally to produce a single resultant horizontai force. P. We have

P=(F* +F )2 = [(10W)* + (5W)*]*/2 . (22)

=11.2W.

The center of mass ol the cask s ~42 in. (d) above the bottom oi the base plate, and so the
horizomal resultant produces a moment, M. about the base of ihe cask with

M =dP. (23)

=(42in)(H1.2W)=4T0W.

The bolts are assuraed 10 he just snug and with no tensile preload. The moment of the
horizontal forces is resisted by the eight. 2-in. bolts in tension and by some part of the contact
area of the basc plate. The contact area is composed of eight circuclar pads, each § in. in
diam.ete: and spaced at the poinis of the octahedron on a 63-1 8-in.-diam circle.

Figure 2.5 shows the cross section of the base of the cask. It is assumed that the
distribution of internal forces in the bolts and base plate generated by the applied moment is
identical to that at a beam cross section. It follows that vertical strain at the base plate is a
linear funcuon of the distance from the n-utral axis acros: the cross section. Figure 2.5 also
shows the variation of tensile load in the bolts and the change in compressive stress in the
basc pilate.

For the case of no applied vertical load, the vertical internal forces in the bolts must be in
equilibrium with the resultant force of the stresses in the plate. The location of the neutral axis
can be determined from an expression of this equilibrium. To ease computations, the circular
contact pads on the bottom of the base plate are conceptually replaced by square pads of
equal area. Preliminary iterative calculations using data from Table 2.2, progressively increasing
the number of pads in contact per trial over the total area of the pads, indicated that two
pads would be in contact, and one more would be partially in contact. The first two bolts are
in the compressive strain area and so are not effective. The final quotation for the location of
the neutral axis is

MmE (b 9=AyL 12 .vm(%ﬂ)'"[a« (15.49 -»-(522)"’)]z . (24)

i3 =]
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Fig. 2.4. Analysis of the forces imposed on the tie-down bolts.
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Table 2.2. Distances of the boits and three pads from the extreme
part of the base measured parallel to the resultant force

b, = 36.17 - 28.00 cos (45° - 26.57°) = 9.61 in.

b, = 36.17 - 28.00 cos (0° + 26.57°) = 11.12

by = 36.17 - 28.00 cos (90° - 26.57°) = 23.65

b, = 36.17 - 28.00 cos (45° + 26.57°) = 27.31

b = 36.17 - 28.00 cos (135° - 25.57°) = 45.02

b = 36.17 - 28.00 cos (90° + 26.57°) = 48.69

b, = 36.17 ~ 28.00 cos (180° - 26.57°) = 61.21

bg = 36.17 - 28.00 cos (135° + 26.57°) = 62.73
P, = 36.17 - 31.56 cos (26.57° - 22.5° ) = 4.69 % 2.50
P, = 36.17 - 31.56 cos (67.5° - 26.57°) = 12.33 + 2.50
P, = 36.17 - 31.56 cos (26.57° + 22.5° ) = 15.49 ¢ 2.50
P, = 36.17 - 31.56 cos (112.50° - 26.57°) = 33.93 + 2.50

T T

| ——r—

e
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where

the bolt area {2.30 in.}),

4
!

the distance from the extreme point of the octagonal base to the neutral axis,
b, = the distance of the i™* bolt from the extreme point,
p- = the distance of the i** pad from the extreme point, and
A, — the area of each pad. (A, = 19.63 in.}).
From this, we get 2 = 17.24 in. From the analogy with a beam, and using data from Table 2,

the moment of inertia about the neutrai axis of the effective cross section can be calculated.
The moment of inertia, assuming uniform stress across each bolt, is

- I 2
- . 2 1 4
I = igj Ap(b; —a)’ +2 14(2.5) ] + i§| Ap(a _ Pl)l (25)
(2.5)* . ., 16sin*a
+ n {a»»snnacosai'Zsm acosa—‘)(a_ﬁnacmc) .
= 17200 in?,

where
a = w2 - arc sinf(15.49 - a) 2.5)

a= 1724 n

The vertical stress in the extreme bolt due to bending is

Mc_ M. 4704W(6273in - 17.24in) (26
op =7 =7 (bs —2) 17,200 : )
=1.24 Win.2,

=(1.24) (23,500 Ib) = 29,200 psi.

The two horizontal loads also produce a shear across the bolts. It is assumed that the
shear taken by cach bolt is equal and uniform across ihe cross section. Then, the shear stress
in any bolt is

R



o
n

_12W_ 112(23,5001b) _ . .
8Ap _ 8(230m7)  i00ps =

The vertical force of 2W produces an axial stress in the bolts. If the incremental load of
this force is shared equally by all of the bolts, then the additional vertical stress is

Op =g o3y = 2,600 psi. (28)

The combined effect of *he three stresses on the most stressed bolt is compared to the
yicld strength of the bolt using the maximum shear stress theory of failuie. The maximum
shear stress is found with a Mohr’s circle analysis, noting that stresses normal tc the vertical
stress are all zero. The principal stresses are

172 .
| Y 2 2 H
| 0, and (29'°°°2+ 2600) , { (29’2°°2+ *'6°°) + [ ;4300] } (29)
or |
o = 37,300 psi,
o: = 0 psi, |
oy = -5,500 psi. |
The maximum shear stress in this case is {
Tuax =5 = 21400 psi. (30)

The specification of bolting material on UCC-ND Drawing No. MI1230-EN-C14-D) requires
only steel. This is insufficient to prevent yielding. Thercfore, Grade S bolis with a yield
strength of at least 80 ksi will be used to fasten the cask to the trailer. The tiedown procedure
will limit the torque on these bolts to 230 ft.-lbs.
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Analysis of welds between struts and strut collars. Four inches above the base plate top,
support ~truts of nominal 2 1, 2-in. pipe are welded to the strut collar that is attached to the
base plate. Since welds at this level circumscribe the 2 1/2-in. pipe, they provide less area than
welds between the 3-in. strut collar and the base plate. Further, the 3-in. pipe has a wall
thickness of 0.216 in., which reduces the effective weid thickness from the specified nominal

1-4-n.

The cross section of the cask supports 4 in. above the base plate passes through the web
of the gusset plates and the inner collar, thus the full thicknesses of these components are
effective. The moment of inertia of the section about a centroidal axis is the same in all

directions and has the value

1 =8(n/4)[1.438 + 0.216 cos 45°)* — (1.438)* — (1.438)%)
+ 7((1.438 + 0.216 cos 45°)* — (1.438)? ]
X [2(31.563)* +4(31.563 cos 67.5%)*)
+ /4 [(10.75)* - (10.25)%]
+8/2(1/2)(1/3) [(29.125) - (10.75)°}

=21,200in.%,

The moment produced by the resultant force a: this section is

M=(36in.) 11.2 W1b = 403.2 W in.-Ib.

Stress at the extreme fiber of the weld due to this moment is

_Mc _403.2Win-b . _
Op =7 =21 300 ind 131563+ 1.438 + 0.25 cos 45°) cos (26.57 - 22.5%)) ,

=0.63 W =0.63(23,500) = 14,800 psi.
The area of the cross section 4 in. above the base plate is

A=87[(1.438 +0.216 cos 45°)* — (1.438)*] + n[(10.75)* ~ (10.25)*]

+8(1/2)(29.125 - 10.75) = 118.1 in2,

31
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(33)

(34)

The axial stress in the section due to thc vertical force, averaged over the area of the section,
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_2W _ 223.500) b, _

oATA TR 00 (35)
The total axial stress at the extreme fiber of the weld is
o = 15.200 psi. (36)

which is well within the allowable value of 28,000 psi. Additionally. *nis cross section is not
critical for shear since the shear area here is larger thap at the base plate.

Analysis of welds between support struts, gussels, and collar and base plaie. The welded
connections between the cask and the base plate are analyzed under the same loads applied to
the bolts. The resultant of the two horizontal forces 1s 11.2 W, where W is the weight of the
cask. This force acts about 40 in. above the top of the base plate and produces a moment at
the top of the base plate of

M=11.2W @0m.) = 448.0 W in_-lIb.

The welds resisting this moment are: (1) eight 1:4-in. fillet welds around the outer
circumference of nominally 3-in. pipe. (2) eight pairs of 3 [6-in. fillet welds along | 2-in_ thict
gusset plate, and (3) a full-penetration double-bevel weld flanked by 3 16-in. fillets on each sidc
around a 1;2-in. thick collar ring with a mean radius of 10.5 in. The pipe supports are located
on a 63-1/8-in.-diam circle; the gusset plate welds run from the collar outward to 5 in. short
of the pipe support. A view of the welds from above the base plate is shown in Fig. 2.1.

The vertical stresses due to the horizontal forces in these welds are assumed to be
distributed like those at a cross section of a beam loaded by an end moment. The moment of
inertia of the weld material about an axis through the centroid of the cross section is
independent of the orientation of the centroidal axis since the welds are uniformly spaced in
circular patterns. For convenience, an axis, y-y in Fig. 2., through two of the struts is chosen.
Also, the momeint of inertia of the gusset plate welds is calculated from the equation /= J 2
where / is a moment of inertia and J is the polar moment of inertia. The area used to
represent an area of fillet welds is the area of the throat of the weld which in this case is cos
45° or 0.707 times the nominal thickness times length of the weld. The moment of inertia of
the weld area at the top of the base plate is

1 =8(n/4)[(1.75+0.25 cos 45°)* - (1.75)%) 37
+ 1[(1.75 +0.25 cos 45°)* - (1.75)*]
X {2(31.563)% + 4(31.563 cos 67.5°)*)
+z [(10.75)% - (10.25))
+16/2(3/16) cos 45° (1/3) [(25.125)* = (10.75)*)

=12,300in* .
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The stress due to bending in the weld fiber at the most distant point from the neutral axis
which is orthogonal to the resultant horizontal force is

448.0 W in.1b.
op = 113 S I (31563 + 175 + 025 cos 45°)) (38)

X ¢05(26.57° -22.5%)

=1.22 W =1.22(23.500) = 28,600 psi.

The veitical 2W force also produces a vertical stress in the welds at the base plate which
is assumed to be uniformly distributed over the weld area. Total area of weld in that plane is

A =8r[(1.75 +0.25 cos 45°)* —(1.75)*] (39)

+ 7[(10.75) —110.25)%]

+ 16(3/16)(-05 45°)(25.125 — 10.75) =19 8 in2.

Stress at any point in the weld. due to the vertical force, then is

2(23,500)
7.8

= 590 psi. . (40)

W
Sy

The maximum vertical stress in the weld is the sum of the two vertical stresscs and is
Omsx = 29,200 psi. an

This stress is localized at the extreme fiber where shear stress is absent, The stress resulting
from the hypothetical loading condition slightly exceeds the yield of 304L stainless steel (the
300 series stainless stecl with the least yield strength).

The shear stress across the base plate welds due to the horizontal resultant is zero at the
extreme fibers and so must be greater than average elsewhere. Shear stress is not a serious |
concern for steel without a thin web, but if is it assumed that the maximum shear is twice the {
average shear across the cross-sectional area, then

V(112w
Tmax = 2( A>2(7————9.8 in’,>- 028 W (42)

=0.28(23,500) = 6600 psi.
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Fig. 2.6. Cross section of welds between support struts, gussets, and
collar and base plate.
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This value is well within the allowable value of 14,000 psi shown in Table 2.1. which indicates
that the welds are adequate.

2.3 Stiandards for Type B and Large Quantity Packagirg

The structural standards for large quantity packaging of the regulations cover load
resistance of the packaging and the external pressure which the package must withstand.
Comphance of the TRU Californium Shipping Container with these requirements is discussed
in the following subsections.

2.3.1 Load resistance
When regarded as a simple beam supported at its ends along any major axis, the container

must be capable of withstanding a static load. normal to and uniformly distributed along its
length, that is equal to five times its fully leaded weight without generating stress in ary

material of the cask in excess of the vield strength of that material. The TRU Californium

Shipping Container is almost spherical; therefore, this requirement is not applicable.

2.3.2  External pressure

The regulations require that the design of the shipping package be adequate to ensure that
the containment vessel will suffer no loss of contents if subjected to an external pressure of 25

psig.

Spherical shell. The maximum external pressure that may be withstnod by the 1/2-in.-thick
stainless steel spherical shell, assuming no support from the reinforcing steel or from the
concrete, may be calculated (Par. UG-28(d), ref. 11) as follows:

P, = B/rjty = 10,000/32.5/0.5 = 154 psig, (43)
where
P, = allowable working pressure, psia,
B = factor, 10,000 (Fig. UNF-28.8, ref. 11),

r, = inside radius of spherical shell, 32.5 in.,

1}

t» = thickness of spherical shell, 0.5 in.

The spnerical shell of the cask is, therefore, sufficiently thick to withstand a 25-psi external
pressure; however, in addition, the internal reinforced concrete shield completely eliminates the
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possibility that the shell will buckle under external pressure.

Top and boriom closure plates. The maximum external pressure (P) that may be withstood
by the | 2-in-thick stainiess steel flange closure above and below the access plugs may be
calculated (Par. UG 34(cXZ). ref. 11) as follows:

P = St* od® = 13.300 (0.5)° 0.25 (16.75)' = 47 psig. (44)

S = maximum allowable stress value, 13,300 psig. (Table UHA-23, ref. 11).
t = thickness of cover, 0.5 in..

¢ = attachment factor, 0.25,

d = diameter of the bolt circle. 16.75 in.

The top and bottom closure flange is, therefore, sufficiently thick to withstand an external
pressure of 25 psig.

All openings to the cask cavity are gasketed and are not expected to leak under an
external pressure of 25 psig. Hence the regulations are met.

3. COMPLIANCE WITH STANDARDS FOR NORMAL CONDITIONS OF TRANSPORT

The regulations stipulate that a single package must be able to withstand the normal
conditions of transport without substantially reducing the effectivencss of the package and
without releasing radioactive material from the containment vessel. The contents of the
container arc limited such that the package will contain no gases or vapors that could reduce
the effectiveness of the packaging. No circulating coolant other than atmospheric air is used,
and no mechanical cooling device is required or provided. The TRU Californium Shipping
Container and its inner containers are designed so that the contents will not be vented to the
atmosphere under normal conditions of transport. These normal conditions include the effects
of heat, cold, pressure, free drop, and penetration.

3.1 Heat

Tne cask must be so designed and constructed that if it were subjected to direct sunlight
at an ambient temperature of 130°F in still air, its effectiveness would not be reduced. In
addition, the temperature of the accessible external surfaces of the cask shall not exceed 122°F
in the shade when fully loaded, assuming still air at ambient temperatures. If the cask is
transported in a vehicle assigned for the sole use of the consignor, the maximum accessible
external surface temperature shall be 180°F.

1
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L Hear tests

To cvaluate the adequacy of the Californium cask under normal operating conditions. heat
transter tests were conducted both in the shade and in direct sunlight.

The cask was lirst placed in the crane bay of a building where the ambient temperature
was controlled at 70°F, The temperature of the cask was measured witk thermocouples and
recorded over a four day period to ensure equilibrium conditions,

The results of these tests extrapolated to 100°F are presented in Table 3.1 It is apparent
that should the ambient temperature reach 100°F in the shade. thc maximun surface
temperature should not be greater than about 10°F higher than this.

The cask was next placed outside on a bitumenous surface for a period of eight davs in
the middie of May. During the test. the weather was clear and mild with bright. sunny days. A
thermocouple was attached to the top cupola and another was attached 10 the side of the cask
45 from the center linc and midway between two of the external ribs.

In full sunlight with an ambient temperature of 130°F, the surfacc temperature should not
exceed approximately 165°. The inclusion of a SW heat source ir the cavity of the cask would
not be expected to raise these projected temperatures a measurable amount because of the large
surface area over which this heat will be dispaiched. Thus, the cask mects the conditions
speaified in Sect. 3.1

Table 3.1. Cask temperatures

Cask in shade Cask in sun
[ Location °F °F
Top of cask 107 162

|

‘ Side of cask 110 160
‘ Ambient 100 130
\
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The shipping package must be able to withstand an ambicnt temperature of 40°F in still
air and shade.

Taking T, = 40°F (420°R) and assuming no internal heat load. the final or maximum
pressure (P:) in any cavity sealed at a pressure of 14.7 psia and a temperature of 70°F (530°R)
is

P: = (P, T:): T: = 11.65 psia. (49)

The resulting pre sure differential is less than the 25-psig differential pressure investigated
in Sect. 2.3.2. A temperature of -40°F is within the operating temperature range of the seals
and the stainless steel cladding, structural components, and fasteners. Brittle fracture of these
components under the stipulated cold condition is unlikely because the temperatures of these
components are above their ductile-to-brittle transition temperatures.

The above considerations indicate that the stipulated cold conditions will not reduce the
cffectiveness of the packaging, and that the container conforms to the requirements for the coid
condition of normal transport.

3.3 Pressure

The regulations for normal conditions of transport spectfy that the package be able to
withstand an atmospheric pressure of 0.5 times the standard atmospheric pressure, the resulting
pressure being 7.35 psia.

When the model is under full heat load, trapped air in all sealed cavities will expand and
exert internal pressures. Assuming assembly at 70°F and 14.7 psia, the resulting pressure of
any trapped air is

P: = (P,T:)/ T, = (14.7)(590)/530 = 16.4 psia, (50)
where
P, = assembly pressure, 14.7 psia,

T, = assembly temperature, 530°R,

T: = assumed cask surface temperature, S90°R.
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The internal heat load (5W) is expected to contribute nothing to the cask surface temperature.
The increase in pressurc is therefore cakulated by Eq. (5¢) and is 16.4 psia (1.7 psig). The
maximum differential pressure expected across the cavity seals rs therefore 23.7 psia (9.0 psig).

The cask and its siliconc rubber scals (see Figs. 1.2 and 1.3) will be ablke to withstand
these pressures without damage or reduction in the cffectivencss of the packaging. Therefore.
the container conforms to the requirement for the reduced pressure condition of normal
transport.

34 Vibration

The container is of welded construction. and vibrations received in transit are not cxpected
to affect the integnity of the weldment. All fastenens are equipped with jock washers and are
not expected to loosen during such vibrations.

In addition, the cask. Duilt several year ago, has operated in the transportation
environment. suffering no ill effects as a result of vibrations encountered.

3.5 Water Spray

The containment capabilities of the TRU Californium Shipping Container are not
compromised by water spray since all external surfaces are of stainless steel. The closure seal is
impervious to water.

36 Free Drop

The regulations for normal conditions of transport require that a package weighi.g more
than 20,000 Ib be capable of withstanding a free drop through a distance of 2 ft onto a flat.
essentially unyiclding, horizontal surface, striking the surface in a position in which maximum
damage is expected to result. A free drop of the TRU Californium Shipping Container through
a distance of 2 ft is expected to produce a denting of the outside steel shell and possibly some
slight tracturing of the concrete. Any concrete that might be fractured will be contained, and
no reduction in cffectiveness of the package ur loss of contents is expected to occur due to the
2-ft free drop. Analysis of the hypothetical accident 30-ft free drop (Sect. 4.1) indicates that
damage (if any) from a 2-ft drop will be insignificant.
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3.7 Penctration

The regulations for normal conditions of transport stipulate that the package must be
capable of withstanding the impact of the hemispherical end of a vertical steel cylinder which
weighs 13 1b. has a I-1 4-in. diam. and is dropped from a height of 40 in.. typically onto the
exposed surface of the package that is expected to be the most vulnerable to puncture.

The maximum encrgy imparted to the cask is 520 in.-Ib. Approximately $0.000 in.-ib is
required to deform | in.’ of stainless steel: therefore. the encrgy of impact would deform about
0.0104 in.’ of material. If the hemispherical head of the impactor struck the stainless steel shell.
the depth of penctration would not exceed the depth of a spherical sector having a volume of
0.0104 in.’. The volume of a spherical segment of one basc is

V = (1 3)=h(3rh - b). (51)

where

Ha
i

height of segment (or depth of penetration). in., and

...
It

radius of sphere. 0.625 in.
The preceding equation becomes
h'-1875°.993x10’ = 0. (52)

This gives a maximum depth of penetration of 0.074 in. Damage of this magnitude would not
reduce the cffectiveness of the cask. This actual test was performed on the cask arnd no damage
resulted to it.

38 Compression

Since the weight of the TRU Californium Shipping Container exceeds 10.000 b, this
section :s not applicable.

4. COMPLIANCE WITH STANDARDS FOR HYPOTHETICAL
ACCIDENT CONDITIONS
>

The standards for the hypothetical accident conditions stipulate that a container used for
the shipment of fissile or large quantities of radioactive material shall be designed and
constructed in such a manner and its contents limited so that, if it is subjected to the specified
free-drop. punciure, thermal, and water-immersion conditions, the following requirements would
be met:
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[. The reduction in shiclding would not be sufficient to increase the external radiation
4ose rate to more than 1000 mR hr at a distance of 3 ft from the outside surface of
the package.

2. No radicactive matenal would be released from the package except for gases
comamning total radioactivity not to exceed 0.15 of the total radivactivity of the
contznts of the package.

3. The contents would remain subcritcal.

4.1 Free Drop

The first in the sequence of hypothetical accident conditions to which the cask must be
subjected is a free drop through a distance of 30 ft onto a flat, essentially unyielding,
horizontal surface. striking the susiace in a position in which the maximum damage is expected
to occur. Since the cask is essentially a sphere, three orientations will be considered: (1) a
random drop on the rounded stainless steel outer shell, (2) a drop on the top to test the bolts
holding the top plugs. and (3) a drop on the bottom to test the bolts holding the bottom
plugs.

4.1.1 Drop on rounded stainless steel outer shell

When the TRU Californium Shipping Container is dropped on the rounded outer stainless
steel shell, the energy will be absorbed by bending the outer shell and crushing or cracking the
concrete.

Very little information is available in the literature concerning the impact of heavy
concrete pieces on essentially unyielding stationary objects. However, a series of tests were
performed at the Brookhaven National Laboratory, with three unencased reinforced concrete
waste shipping containers. These containers, which weighed ~10 tons, were dropped 30 ft onto
a 10-in.-thick slab of armor phtc," These containers had wall thicknesses of 6 in., 12 in., and
17 in. Containers that had wall thicknesses of 12 in. or 17 in. passed the drop test, with the
latter onc showing only hairline cracks and essentially no loss of shielding.

The Californium Shipping Container is shiclded with 30 in. of reinforced concrete
completely encased in a |, 2-in.-thick stainless steel outer shell and weighs 11.75 tons. Thus this
container weighs approximately the same as the concrete waste shipping containers that were
tested, has almost twice the shielding thickness, anld has a thick outer steel shell that will help
spread the impact forces over a broad area of the cask surface. It is, therefore, concluded that
the Californium Shipping Container will suffer only localized damage to the outer shell and
concrete at the point of impact and that no significant cracks will occur in the shiclding.
Hence the cask dropped in this manner will meet the hypothetical accident requirements of a
30-ft drop. 1

Should the impact occur in the region of the actuator stems, the force is likely to be
transmitted to the valve mechanism shown in Figs. 1.2 and 1.3 which could result in a loss of
the seal. The ball valve will physically remain in place.
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Even thcugh the cask seal is lost, the primary line of containment will remain the welded
container, described in Sect. 5. Thus no foss of radioactive material is expected from an impact
on the side.

412 Drop on top flange

The possibility of failure of the bolts which hold the top concrete shielding plugs in the
cask was investigated. It was assumed that the cask was dropped, upside down. on ils top
flange, from a height of 30 ft onto a solid, essentially unyieiditig surface. Under these
conditions the wall of the cupola (to which the top flange is bolted) and the [-in.-thick lifting
ribs would deform, absorbing the kinetic energy of the cask. An analysis was made using the
equations given in Sect. 9.3.

Results indicate that the cupola would crush approximately | in. before all kinetic energy
would be absorbed. This is not possible, because after collapsing 0.5 in. the top flange would
come in direct coniact with the bolted plug flanges. At this time of contact, the number of g's
experienced by the cask would rapidly increase, the cask would come to rest in less than the
remaining 0.5 in. predicted in the analysis, and the plug flanges would be driven back into the
body of the cask. The predicted g loading of the cask, shown in Fig. 4.1 as a function of
deformation, should be realistic up to the point at which the top flange encounters the plug
flanges. Under these conditions the bolts holding the plugs in place will have to resist about
425 g's before the plugs are driven back into the cask body. Therefore, the force 10 be resisted
by the bolts becomes

F = ma, (53)

g
[

mass of the plugs, 3.60 slugs,
a = maximum acceleration cxperienced by the plugs, ft/sec’, 425 g.
Substituting, the applied load is
F = (3.60)(425)32.2) = 49,200 Ib. (54)

The area of metal in tension by this force is the stress area of the eight bolts. The area of the
bolts under stress is

A = NA = (8)0.122) = 0.976 in.}, (55)
where

N = number of bolts, 8,
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Fig. 4.1. Acceleration vs deformation as a result of computer
analysis of 30-ft drop on top flange.
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A = area of bolt. 0.122 sq in.>.*
The total load-bearing capacity of the bolts is determined from
Fueax = Ags. (56)
where
o, = yield strength of stainless steel, 61,200 psi (see Table 2.1 footnote ¢)
Frmax = (0.976)(61,200) = 59,700 1b.

Since Fao is greater than the applied load, the plugs will remain attached to the cask, and the
contents will remain in the cavity.

4.1.3 Drop on bottom flange

The possibility of failure of the bolts which hold the bottom shielding plugs in the cask
was investigated. It was assumed that the cask was dropped base down from a height oi 30 ft
onto a solid, essentially unyielding surface. Under these conditions, the waiis of the cupola, the
base plate (to which the bottom flange is bolted), the cight [-in-thick webs, and the cight
struts-all would be deformed, absorbing the kinetic energy of the cask. An analysis was made
using the equations given in Sect. 9.3.

Results indicate that the cupola would crush approximately 0.6 in. before all the kinetic
energy would be absorbed. The relationship between acceleration and deformation for the drop
onto the bottom flange is shown in Fig. 4.2. There is additional clearance at the bottom
flanges due to the offset bottom cupola cover. Under these conditions, the bolts holding the
plugs in place will have to resist about 1000 g’s. Therefore, the force to be resisted by the bolts
is

F = ma, (5H

where

3
u

mass of the plugs, 3.60 slugs,

maximum acceleration experienced by the plugs, ft'sec’, 1000 g.
Substituting,

F = (3.60)(1000%32.2) = 1]5,900 Ib. (IR)

*Body of bolt turned down to a 0.39%4-in. diam. or 0.122 in.% .
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The area of metal in tension by this force is the stress area of eight turmed down 1 2-in. bolis.
The area of the bolts under stress is 0.976 in.%, as indicated in Eq. (59).

The total load-bearing capacity (Fume) of the bolts was determined to be 59.700 Ib. as
indicated in Eq. (56 ). Since Fag is less than the applied load. the bolts will fail and the ends
of the plugs will drop into the bottom closu-e cover (see Fig. 1.1).

The bottom cover plate is retained by twelve 1:2-in. cap screws which have the following
load-bearing capacity:

Frar = NAog, = 12(0.142)(61,200) = 104,300 Ib. 159)
where
N = number of bolts, 12,
A = area of bolts, 0.142 in.” (ref. 10),

o, = tensile strength of stainless steel, 61,200 psig (see Table 1).

"~ The load bearing capacity of these bolts will hold the plugs from further travel. The bottom

closure cover is a gasketed sealed cavity, and the inner container upon which containment
depends is still retained in the cavity essentially without movement. No loss of containment or
appreciable loss of shielding is anticipated.

4.2 Puncture

The second in the sequence of hypothetical accident conditions to which the cask must be
subjected is a free drop through a distance of 40 in. to strike, in a position in wvhich maximum
damage is expected, the top end of a vertical mild-steel bar mounted on an essentially
unyielding, horizontal surface. The mild-steel bar shall have a diameter of 6 in. with the top
horizontal and its edge rounded to a radius of 1/4 in., and the bar shall be of such length that
it will cause maximum damage to the cask but not less than 8 in. long. The long axis of this
bar shall be normal to the surface of the cask upon impact.

To analyze the puncture accident, a rather conservative model can be used which considers
all the energy absorbed by the cask is absorbed by the outer stainless steel shell with no
consideration given to the concrete shielding.

The energy of impact will be absorbed by the 6-in.-diam mild-steel bar and the
)/2-in.-thick cask outer shell. Figure 4.3 illustrates the configuration for this computational
model. The absorbed energy U = Wh = (23,500)40) = 940,000 in.-Ib, and

U= Wh = Uss, Uys = FssOss, FusBus = ossAesLss . omsAersLus, (60)

where



STAINLESS STEEL
CASK OUTER SHELL

MILD STEEL BAR—\

w77 v/

ORNL DWG 74-142623

«— G in DIA—>]

AL L L LL r/4

A

Fig. 4.3, Model used for puncture analysis.
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U = energy. in.-lb,

1€
1

weight of cask. 23,500 Ib.

h = drop height. 40 in_,

F = force, Ib.
A = deformation, in..
¢ = stress, psig,
A = undeformed cross-section area of member, in.%.
€ = strain, in. ..
L = undeformed length of member, 0.5 in..
SS = subscript for stainless steel,
MS = subscript for mild steel.

Since the force is the same in both members, we can write
ossA = ousA, 61)
and since the areas are the same,

Ogs = OMs = O,

Then Eq. (60) becomes:
U = oA(esslss ., €xsl.us). (62)

For plastic deformation of stainless steel and mild steel, simple stress-strain relations can
be written as"*

oss = (4.33 x 10*)ess , 60,000 (63)
and
ons = (2.56 x 10%)enss , 60.000. (64)

Rearranging yields the following result:



4}

(oss - 60,000)-(4.33 x 10°) (65)

€53
and

(ass - 60,000):(2.56 x 10°).

Cars

(66)

Substitution of Eqs. ( 65) and ( 66 ) into Eq. (62) and climinating the material subscnpts
vields a quadratic eyuation as follows:

d’ -(6.0x 10% - (1.694 x 10") = 0. (67)

which yields the result 6 = 60.281 psig.
The strain on the stainless steel cask shell s

ess = (60.281 - 60,000): (4.33 x 10°) = 0.00065 in. in.. (68)
and the deformation is
Dss = el = (0.00065K0.50) = 0.000325 in. (69)
From Newton's second law. the peak acceleration is
ame = Fm = Fg W = aAg W = «(60.281)(m)(6)'(g). -(4X(23.500)= 72.5 g. (70)

This acceleration is less than that associated with the end impact resulting from the 30-ft free
drop discussed in Sect. 4.1, and it is therefore concluded that the inner container will continue
to provide containment under the puncture accident condition.

The stainless steel outer shell will defo:::. plastically; however, because of the support from
the concrete, it will not rupture. Impact-induced cracks that may occur in the concrete
shielding material ..,c intergranular in nature, thus offering a labyrinth path for radiation
without reducing the shielding properties.

4.3 Thermal Evaluation

4.3.1 Hyporthetical thermal accident condition discussion

The third in the sequence of hypothetical accident conditions specified by the regulations
to which the cask must be subjected is a 30-min exposure to a source of radiant heat having a
temperature of [475°F and an emissivity coefficient of 0.9 or equivalent. For calculational
purposes, it shall be assumed that the package has an absorption coefficient of 0.8. The
package shall not be cooled artificially until after the 30-min test period and the temperature at

v
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the center of the package has begun to fall, or until 3 hr following the test period.

A computer program., HEATING-3. which has been modified to evaluate the phase change
of materials and is applicable to the IBM 360 computer. was used to determine the
temperature distnbution when exposed to these thermal environments.

It was assumed that the container was loaded with a decay heat load of 50 W, a factor of
10 higher that will be used in this package (see Sect. 1.2). which will therefore provide an
upper limit on the expected cask temperatures under the hypothetical thermal accident
condition. The temperature distribution from 100°F ambient condition and a SOW source was
input as starting temperatures for the accident (fire) calculation.

The damage from the free drop and puncture portions of the hypothetical accident would
not adversely affect the performance of the container in the hypothetical thermal accident.
Hence the undamaged configuration was assumed.

4.3.2 Thermal properiies of materials

The thermal propertics of materials used to compute the temperature distnbution under
steady-state and transient conditions are listed in Table 4.1

4.3.3 Thermal accident analysis

The computational mode] representing the TRU Carrier is illustrated in Fig. 4.1. The
contents were modeled as a homogenous cylinder with the decay-heat generation rate of 50 W
uniformly distributed throughout the volume.

As the HEATING-3" code cannot be used to model a sphere, the exterior surface was
modeled using a group of concentric cylinders whose outside surfaces approximated the surface
of a sphere. The radius and length of these cylinders were chosen so that the resulting surface
had the same surface arca as that of the actual cask. Natural convection heat transfer
coefficients for a sphere were used for the exterior of the cask.

Convection, radiation, and conduction were assumed to transfer heat across large air gaps
in heat transfer model, except in cases where, because of the combination of narrow gaps and
small temperature differences, it can be shown that heat convection contributes essentially
nothing to the heat transfer process.

4.3.4 Container temperaures

The results of the computer analysis are presented graphically in Fig. 4.4, Cask
temperatures are followed for 3 hr after the conclusion of the fire since regulations specify that
the cask cannot be antificially cooled prior to this time unless the temperature in the center of
the cask hay begun to fall.




Table 4.1, Thermal properties of materials used to
compute temperature distribution

Heat
Temperature Thermal conductivity Density capacity
Material (°F) Btu hr-!ft~!(°F)-! 1b in.”3 Btu 1b~1(°F)-!
Fuel 6.62 0.0978 0.214
Seal 0.143 0.0347 0.469
SST 304L 32.0 7.736 0.282 0.130
212.0 9.428
932.0 12.571
1292.0 14.989
1472.0 15.000
Air 32.0 0.017 4,11 x 1075 0.240
212.0 0.018
392.0 0.022
572.0 0.026
752.0 0.029
Concrete —_— 0.600 0.030 0.21

£y
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Throughout the entire test period. the mid-point temperature of the cask remained almost
constant. Following the fire. the outer parts of the cask cooled rapidly: after 3 hr. the
maximum calcvlated temperature in the cask was 345°F. located approximately in the top
inner plug platc. It is apparent that the inner container fuel contents will remain at its
equilibrium temperature which. from Table 3.2. would be about 110°F. Such temperatures will
causc no probiems to the contents; nor will it have any significant (degrading) effect on the
scals of the inner containers. Consequently. if the cask is subjected to the high-temperature
thermal enmvironment. it is capable of withstanding it with no loss of contents and. therefore.
weets this part of the regulations.

5. CONTAINMENT

Sources and other shinments are confined inside the inner cavity of the TRU Californium
Shipping Container in cither a special-form or a 2R contaiaer. These containers—their uses and
inspections-are described below.

5.1 Containment Boundaries

The containment boundaries for the shipping options available with the Californium cask
are (a) the cask cavity sealed by its gaskets (Figs. 1.2 and 1.3) and (b) ar inner container that
mects cither 2R specifications or special form requirements. Any material carried in a 2R
container will be enclosed in a welded capsule. In all cases. there will be at least onc welded
scal between the source and the cask cavity.

5.2 Special-Form Shipments

The welded encapsulation provides primary containment for all special-form shipments (see
Figs. 5.1 - 5.3) for examples of special-form encapsulations). If the material is doubly
encapsuiated, the outer welded capsule provides secondary containment. Visual inspection of
these lines of containment are performed on a routine basis, and the welds are radiographed.
The cask seals form an additional line of containment. The cask is equipped with gasketed
closures which are leak-tight during normal transport. An accident might result in a rupture of
the seals, but the contents in their primary containers would remain in the cavity.

5.2.1 Special-form containers

The ORNL Operations Division is authorized by Laboratory management to certify that a
mat:rial conforms to the special-form requirements of Appendix D of 10 CFR Part 71." The
tests prescribed have been performed on a number of capsule designs. When a capsule is
similar in design to a capsule previously tested (i.c., in relation to size, mass, wall thicknesses,
materials, weld, ctc.), the design is certified as passing the special-form requirements based on

previous test results. If this similarity does not exist, it is required that a prototype be tested as
prescribed.



~ T
OANL PWE 4. 11709M
; T T 1 LB 1 1 1) \ -\ B 1 R 1 T 0 LB 1 T T T
"°°E L_Q%ﬁg_u I Refar to hgure 9) 7
s A— INNLR CONTAINER
i 8 — CONCRETE i
1200 C— CONGCAETL
L 0-—OUTER SURFACE
L € — OUTEN SURFACE
s f — OUTER SURPACE
1000} G — CONCRETE 7
Y t H— UPPER SEAL
* L 1 — LOWER SEAL
¥ s J-—INNER CONTAINER
: -y
g *r
= L
4 s
a 5
- 800} -
1
9
400
e —_—
: ——
200 A N III LJN ﬁ |
—— e % =
b ] N e
[ 1 1 [ N SRS U S (U U SN GRS NN VTN WIS G GHS U N S Y W U NUNS VU S SRS S
) 10 20 30 40 80 0 70 80 90 gqat ("?) 120 130 140 180 180 170 160 190 200
min

TRU TEN-TON CARRIER

Fig. 4.5. Temperature distribution in the TRU Californium Shipping
Container during and after the thermal portion of the hypo~-
thetical accident.




47

]
Q
]
¢ o
o ﬂm
.rh# uo
) 0w
)& 9 )0~ oo .m.m _
o4 $ & & £ R
A &4 3 o4 we
& ¢ & NS ) - a3
&5 whb
8y °2
» w 7 Ma
. . ©3 g |
N e v -4
IR/ S5 b 3¢ %3
HVV ; g3 -9
I >y 4 WN g
-, 5 o
=/ <X = T o% .
ol N—— EE S
) W X
» 4 ~e
éy, 2. g1
% ) s > mvauom
b%«._.,_, vb&,« Qv WM <& .
% Mw. .&.v us SRR
Y v, 0 - a5
% % < Moi
o
o Ry ‘o - o -




MG TE-seETERY

SanL

43

9
%@4
A Q ¥
94 a% 040..)6 oJo.r oc
, % PR T
0? /w\»\ (0@ %4( NAY
AR A OK
A SR o ¢ & & ¢
TN Sd&t ¢ S
& ¢ ,,%v NEYW LA
—

yi

A ——

l,rl.rlrg‘ar”llﬂ
)

~ ;
o (S

(

CP-636-D)
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STANDARD NEUTRON SOURCE CONTAINER
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Fig. 5.2. Standard neutron source container (for details see
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SPECIAL NEUTRON SOURCE CAPSULE - NS -65
(FOR DETAILS SEE DRAW M-{2175-CP-637-D)

Fig. 5.3. Special neutron source capsule — NS-65 (for details
see Drawing M-12175-CP-637-D) — a typical special-form
inner container.
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5.2.2 Specification 2P containers

Specification 2R’ inner containers (shown in Fig. 54) may bte used with the TRU
Californium Shipping Container. These will be made from pipc and pipe fittings or tube and
tube fittings. Wall thicknesses and closures will be made in accordance with Specification 2R.

Fabrication will be in accordance with ORNL Quality Assurance Procedures. Applicable
approved ORNL procedures will be used for welding. All welds will be appropriately inspected
in accordance with approved ORNL weld inspection procedures.

5.3 Cecntainment Requirements for Normal Conditions of Transport

The test sequence for containers of spectal-form materials is more severe than for thosc
with normal conditions of transport. The pressure increases that are encountered will be less
than those experienced in the thermal test for special-form materials. No loss of primary
coolant (air) is expected.

The 2R containers, housing a welded capsule, are designed for pressures and temperatures
in excess of those encountered in normal transport. No releasc of radioactive material. loss of
coolant (air), or contamination of coolant should occur.

5.4 Containment Requirements During the Hypothetical Accident

The test series for special-form containers demonstrates that special-form encapsulation will
not fail or leak contents as the result of the free falls. The thermal test temperatures of
special-form containers exceed those experienced by the inner cavity contents during the
hypothetical accident (see Sect. 4.3.3); hence no release will occur during the thermal exposure.
The water immersion test for special form is identical to that specified in the hypothetical
accident conditions.

The 2R containers, housing a welded capsule, are designed for pressures and temperatures
in excess of those encountered in the hypothetical accident.

6. CRITICALITY

The analysis for the single container given below is adequate for an infinite array of
similar containers because the concrete shielding assures essentially no interaction.

6.1 Evaluation of a Single Package

A study"’ has been made of the criticality of californium and other transuranium clements
under conditions of optimum moderation and water reflection. Californium-251 had the
smallest critical mass (10 g). The quantity of isotopes to be carried by this cask is limited to 3

8- Approval of the use of this cask for that quantity of fissile material has been granted by
Nuclear Safety Review 750 (see Sect. 9.2).
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Since the quantites of fissionable isotopes carried is below all minimum critical masses for
these 1sotopes under optimum moderation and reflection, and since the cask effectively isolates
the contents from neutron interaction with packages of similar design. unlimited numbers could
be stacked together without creatinz a criticality problem. Thus the package is adequate for
Fissile Class | shipments.

7. SHIELDING EVALUATION

7.1 Discussion and Results

The TRU Californium Shipping Container is designed with its cavity surrounded by a l-in.
thickness of stainless steel and a I/2-in.-thick outer spherical shell. The shielding cavity between
the two is filled with limonite concrete to a nominal thickness of 30 in. The shielding
cffectiveness has been checked with transuranium sources and found to be adequate. A 44-mg
(1.7-W) XC; source produced 2 reading of 7 mrem/hr gamma at a distance of 6 ft from the
cask surface. In this case, the drivers compartment registered iess than 1 mrem/hs. The cask
contents will be limited to the source that will not exceed the allowable radiation dose limits of
the DOT regulations.® The shielding effectiveness will not be reduced by the hypothetical 30-ft
drop accident, concrete fractures in an intergranular manner providing a labyrinthine pathway
for radiation, allowing no possibility of radiation streaming.

8. QUALITY ASSURANCE

8.1 Fabrication, Inspection, and Acceptance Tests

The fabrication of this container was performed in the shops of the Oak Ridge National
Laboratory in accordance with normal shop fabrication procedures and prior to the adaption
of a formal quality assurance program by the DOE and ORNL. Material was specified on the
original drawings as “304L SST.” Material was withdrawn from Bill of Materials Stores stock.
The casks were inspected by ORNL Shop Inspection Department personnel for conformance to
the drawings, quality of workmanship, and compliance with welding requirements when
fabricated. In the opinion of the inspecting personnel, the weldments were made in accordance
with the drawings and specifications. This is further supported by the fact that the casks have
operated for 6 years without failures or loss of effectiveness. The routine operating inspeciion
procedures specify periodic weld inspections to verify weld integrity.

A formal quality assurance program has now been prepared and future shipping
containers will be constructed in accordance with provisions set forth in this program.



wn
w

8.2 Operating Procedures and Routine Inspection

The Transuranium Processing Plant, Chemical Technology Division, has established
operating and routine inspection procedures and standard checklists to ensure that all
shipments are safe and that they comply with DOE regulations as well as all ORNL
procedures and regulations. A copy of typical procedures and checklists are presented in Sect.

94.
8.3 Peniodic Maintenance and Inspection

Inspections are required prior to each shipment or biennially (see Sect. 9.4). Maintenance
will be required only when routine inspections indicate damage.




55

9. APPENDIXES
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9.1 Appendix A: Drawings Associated with the TRU
Californium Shipping Container

Title

Drawing No.

Shipping Carrier Assembly
Shipping Carrier Weldment

Shipping Carrier - Detail Sheet No. 1

Shipping Carrier - Detail Sheet No. 2

Shipping Carrier - Detail Sheet No. 3

Shipping Carrier - Detail Sheet No. 4

Shipping Carrier - Detail Sheet No. 5

Shipping Carrier - Detail Sheet No. 6

Shipping Carrier Trailer Modification
Assembly

Shipping Carrier Trailer Modification
Tie Down Details

Modified Plug to Handle Multiple Items

Shipping Carrier Trailer Modifications
Radioactive Sign Mounting Bracket

TRU Ten-Ton Californium Shipping
Container

M-11230-EN-001-D
M-11230-EN-002-D
M-11230-EN~003-D
M-11230-EN-004-D
M-11230-EN-005-D
M-11230-EN-006-D
M-11230-EN-007-D
M-11230-EN-008-D

M-11230-EN-012-E

M-11230-EN-014-E

M-11230-EN-C17-D

M-11230-EN-018-E

M-12166-~CD-019-D

60
61
62
63
64

65

66

67

68

69

70
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9.2 Appendix B: Approval Documents

This appendix includes copies of the following:

Certificate of Compliance
USA/5740/BL, Rev. 2,
dated November 1979

Nuclear Safety Review ORNL Criticality Committee
NSR No. 750, dated October 25, 1974;
expires November 1979

Letter of Approval nof SARP by the ORNL
Transportation Committee, dated
April 11, 1975
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Oak Ridge National Laboratory - Safety Analysis Report for Packag-.November 1979
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Tht cprt.tecate 2 oo 48 Tsra ogar the Pt .an ot the cmpurements of Subpers Dt TG CFA 7T o app! catie and the cond'T-0n wec.h e
n tern S he

5 Do‘-;v‘pt.;.f ot Pack ag ray ard Athar red Cantents Mode: Number Fogpie Ciass Otner Cond.t Gns and Reterenan
(a) Packaging
(1) Model: ORNL TRU Californium Shipping Container

(2) Description: A 304L stainless steel encased concrete shipping cask

The outer shell consists of two §-in. thick, 66-in. diameter hemispherical

heads joined by a 6-in. cylindrical section. The cylindrical cavity has a

l1-in. thick stainless steel wall and is 3-in. diameter x 6-in. long. Shield-

ing consists of 30-in, of Blackburn limonfite concrete naving a density of |
175 1b/ft}. Upper and lower level ball valves located at the end of concrete- ]
fllled plugs define, {solate, and seal the cavity. Both of these plugs which ‘
utilfze O-ring seals are bolted In place and are protected with a gasketed

cover plate. Fuslble plugs in the cover plates and the shell will melt to

permit steam release in event of thermal exposure.

The top ball valve and plug may be replaced by other plugs for multiple
source shipments. Sources are contained in DOT Specification 2R or special-
form containers.

The cask is mounted onto a l-in. thick steel base plate by eicht steel 2%¥-in,
NPS Schedule 40 pipe struts. The cask is transported on its own special
trailer. The gross weight of the cask {s 23,500 1b.

6 Outeottwunce  October 26, 1979 [ Exoraton ome -
FORTHF U'S DEPARTMENT O3F ENERGY . T T e

' la A>ndm’|;7m' DOE I;;:;g ry!"'.ntlﬂ I Swratwre. Neme and T.aie lof DOE 4Wn;v"v;“0!;;t:;l‘~A -
U. S. Department of Energy Wisctman * 1".-.(
Post Offfce Box E William H, Travis, Director
Oak Ridge, Tennessee 37830 Safety & Environmental Control Division
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Certificate 5740, Revision No. 2 -~ Page 2

(3) Drawings:

The package and special trailer are constructed in accordance
vith Oak Ridge National Laboratory (ORNL) Drawings M-11230-EN-
001-D through 008-D, 012-E, Ol14-E, 017-D, O18-E, and M-12166-
Cp-019-D.

(b) Contents
(1) Type and Form of Material

(2)

(3)

The contents consist of isotopes of Americium (Am), Curium (Ca),
Berkelium (Bk), Californium (Cf), Einsteinium (ES), and Fermium
(Fm) as a solid (metal, oxide, oxysulfate, or dry salt) that is
contained in a DOT Specification 2R inner container(s) or im a
special form capsule(s).

Maximm Quantityof Material Per Package
3g. (large quantity).

Other Limitations

(1) Maximum heat load - 5W.

(2) External radiation dose rates - limited to DOT
Regulations, 49 CFR 173.393.
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REQUEST FOR MUCLEAR SAFETY REVIEW CATTICALITY CuearTTeE

This request covers operstions with fisaiie metenal 1a » control area and ‘or {isstie matenal .
transfers that ongana’e within the coatrol ares. The coctrol ares supervisor shall complere L LI
the blocks below and describe the process and/or op 10 be perl: d. emph
the provissoas lo¢ auclesr cnticality salety ca he reverse side of this pege. Tins nqwn i e
shell be approved by the Radiation Conuol Officers of the ongieating Division sad the Sovenoe. 1919
Divizson(s) to which fissile mater:al will be transferred. z

TITLE, CONTROL AREA, AND SUMMARY OF BASIC CONTROL PARAMETERS
(Te be complotnd by the Contral Acoe Suweviser)

TiTLE '7o0 SEFEMINCE PURIGILY

LT

~

U age 71,7, -
ZANTRGL ll:;; 08 _2liza nlus -hleed o <ontatn— ;cog( o, '.u“.o..c 'm‘-ﬁ- L 57
___Tot aplice i -- : o koS Tech,

TYPE AND FORM OF MAVERIAL

ISOTOMC ENRICHIENT (Wt %)

[

- Trew iSoLsTen @arTcn o u--v 5 to v e Tt T

quantiry | - . ~ot acalica-lv . J
OoF TOTAL 1w CONTRO| ANEA

FISSILE t

Ve - ot Agnli.ale R
SOTOPES 11011. TO Mg PROCEISED

dot aanlica—-le . . e ——

o Concentiat:on o Density ‘
o Frasrie Matersal Lol ot s 3iw. FE
Spacmg of Frstle Units
—— 0L a-nliza.le i ———— e
Prommity and Type of Reutron thun
o Adpcent Fissiie Material ) 1 ‘ot asulicanie .
|
Limst on Moderation I
DR . ¢ wit asolicacle - — - 0
Lot on Neutron ADsorbers -
_ P .- wGot saslicei e - - . [
Lsmit on Volyme o Direngions T
. l!‘,-nb-mu I 4w o L0060 tond ‘ PPN T D
THiS HEQUEST INODITILS. RFPLACES: WSA.3 NO. g
Jone
RECOMMENDATIONS
{Te be fated by the C liry € }

This endorsement 15 based on our present understanding of the operation (whether acquired verbally of in writing) and 15
sudject {0 mrvsew and cancellation.

This request is approve) suoject to the {ollo-ing consfderations:

I, Te flasile mass Limits are wall helow tie estimsted minisum critical masses of these
sctinide {sotopes unier conditions of optimsl mo.erstion an! retlection,¥

2, Te fissile fsotopes 1111 e trensported ss salts, o<iles, or mptals, mi{«ed, {n sone
cesas, -.ith nonfissionanie diinents. These conui’ions tenc to further tn:ruu the
siniswm criticsl mess within this zegk.

3. The messive neutcon shield of tie cesk will precluie intersetion itk other fissile units

*A.H,Clark, “Critical Masewe of

Plssile Transplutonium Isot AN Tianasctlicas, Voloi2
Fo. 2 (Dec.1 6v) e coropess ’

lV (unlhn CHTICALLTY c.wt'éit v On(

ucn. §e1T
13 9700
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PROVISIONS FOR NUCLEAR CITTICALITY SAFETY
(Yo bo conploted by the Con ol Aree Superviser)

Provisi for seciest criticolity safety shall be described below in accordeace with Appondices U aad I1ol de AEC
Masual Cheptrr 0530. This shall include brief descriptions of the pe ond/os all operations o be performed. plons anc
é for the ) for awcl iticality nsfety. sad the bosic control permmeters Please attach 11 copies of

| 4 L g

N 4 dmwings sad &

™~ cas™ 18 0 6 ft, 6 1a. stainless st -1 s7hre shiel'sd Ly <2 fn, of Zleex-urn
Hmonite concret. <hose Zcasity 1s 175 1 cu ¢,

T loner cavity we? fo- shipumnt of the sateriel is 2 1n, I by 6 in. high and
1s describe’ in GREL-TN-:505. It s use! to shin la-ze aantities of Crowp ! redio-
ruclides in norwml fo-a facluding sy retioisotope of m, On, Bx, Cf, g, an? "n a8
® s0li! m tal, awide, 0- 7 e chlo i‘e, nitrate or other salt, the mxiam quactity
of sny of the above redionuclides limited to arens.

ORNL
CRITICALITY COMMTTER

WR 750

O -
CSEPIRATION BAVE

November, 1979%

WRSTIVSR TORYR. . SUVICEN v [7] " 00 [T
, ' |5 -

WADIATION CORTAOL OF FICER [T ATPW C L OF FICER owz'n:;_
R n A O .

- v

*The expiration date for this NSR has been extended to November 1984,
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INTRA-LABORATORY CORRESPONDENCE

OAX RIDGE NATIONAL LABORATORY

April 11, 1975

To: B. B. Klima
L. B. Shappert
M. C. Jurgensen

From: Transportation Committee

Subject: Approval of SARP of the ORNL TRU Californium
Shipping Container

The ORNL Transportation Committee has reviewed your submission of
the subject SARP to fulfill the requirements ( n.crnal review) of
paragraph B of AEC Immediate Action Directive 5201-3. Particular
attention was given the five areas of structural integrity, thermal
resistance, radiation shielding, nuclear criticality safety, and
quality assurance.

The results of the evaluation show that the container meets the
requirements of AECM 0529 and the SARP is approved for submission
to the ERDA for request of a Certificate of Compliance for approval

of the cask for use for offsite shipments of fissile and radioactive
materials.

Em Koy

E. M, King, Chalrman
Transportation Committee

EMK :bb

cc:  Transportation Comittee
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9.3 Appendix C: Computer Program tor 30-ft Drop Onto the Top and
Bottom of the TRU Cahfornium Shipping
Conmainer - Program 1014 Cask
Derination of Equations

The mcdei shown in Fig. 9.1 illustrates the general case of a cask cequipped with an energy
abzorber which deforms in pure compression. If the force-deformation curve for the absorber s
taken as shown in Fig. 9.2, the expression

LU, = FadXa- Xi) = Fob, 9.h

represcnts the cnergy expended as the cask moves from X. to X, and detorms the absorber an
amount J,. It follows that

~
—

n n
¢, <Lt -F
n n

The summation may be simplified by taking 6 constant and satisfying the expression.

n
=0

i
<

Nb = X, 9.2)
The deformation X, may be written
X, = e = N6, 9.3)
Solving for ¢, we have
e = NO& L. 9.4)

There 1s an cxpression, o, = {(¢). wherc o = siress, psig. and ¢ = strain, in. in., for the
material from which the energy absorber is constructed. The force ¥ can then be determined
from the following expression:

F = oA. 9.5)

where

A = original cross-sectional area of the energy absorber, in.%.

These relationships form the basis for the attached computer program. The absorber
deformasion is increased in steps of constant magnitude. Strain, stress, and force arc computed
for value of deformation and the energy for the step determined. The cnergy is added to the
sum of that from previous steps and compared with the cask potential cnergy. When the
dissipated encrgy cquals the potential energy. the computations are complete,

The program is currently supplied with stress-strain equations,
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ORNL DWG 75-82

CASK
CROSS
SECTIONAL
! | !
DEFORMED — 7 : :
| | | I
2 1
[ T
xn 4_..._.| f I__.,-
- J
f *A | AY SECT. A-A

ORIGINAL SHAPE

Fig. 9.1. Cask model.




FORCE,F

ORNL DWG 75-83

-

DEFORMATION X

Fig. 9.2. General force deformation diagram.

(¥
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a = f(e).

for stainless sicel and mild steel The prozram can be used for absorbers havng any
cross-sectional shape. 1t v equipped to compute the area jor tubular absorbers (se= Fig. 9.3a)
and for rectangular shsosbers having a constant thickness (see Figs. 9.3b and 9.3¢). In the case
of the tubular ahsarber, the radiuy and thickness depth must be igserted in statement numbers
70, 7i. and 72 For a rectangular absorber. the thickness. depth. and length must be inserted
as stotement nuembers 710 72, and 73, For absorbers of other georactry. the arca must be
computed by hand in tnput in statement 74. Those statements not applicable must be left as
0.0. In addiion. the cask weight in pounds must be input in statement K. the drop material
height in inches 1o statement 81, and the material in statement 88, The matenal in input is
SST for 300 anncaled senies stainless steel and ST for mild steel If a finer or coarser mesh iy

desired. the value of DE in statement 60 may be decreased or increased. The 1000 format
should be aitered to identify the cask.

A glossary of terms used 10 the 1000 format s listed below:

AMATL = Material absorber is made of

Wt = Weight of cask

TLEN = Lenzth of absorber

RAD = Radius of absorber

THK = Thickness of absorber

DEPH = Depth of absorber

DL = Incremental change in absorber depth

AREA = Area of absorber before impact

o @ uPho
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ORNL DWG 75-77RI

DEPTH—r——u{
[THICKNESS

_ _ ——f&

RADIUS

T

C-3(0)

DEPTH—-IO—-.‘ —L—¥

:THICKNESS

S I A A (R
+ (L))

LENGTH=2 (L, +Lp) N4
c-3(b)

DEPTH——r—D r——l-n ———-1

THICKNESS T I

4

- . L3 C, ||
= !
{ l
LENGTH=L, + L2 — THICKNESS

C-3(c)

Fig. 9.3. Energy absorber configurations.



*sP?,1,0,2,6,A.
c PROGRAN 1018 CASK
C THIS PROGEAR CONPUTES THE RESPOBSE OF A RIGID CASK EQUIPPED WITH AN ENERGY,
C ABSORPER WEICH DEPORNS I¥ POURE CONPRESSION CODED BY JORW EVANS PE ,OAK RIDGE
C WATIONAL LABORATORY, JUBE 1978
zDInligl DE (200) , S (200) , DEF (200),DU (200) , FORC (200) , EWER (200) ,
ACC (200)
1000. PORRAT (1§ ,8X,°0. R. §. L. 10 TOW SEIPPING CASK'*
1001 PORNAT (180)

1002 POREAT (1E ,1X,89% ssesesssseses sses,
1 SSpee L 2 L 24 f i d J 1111 ..““”.O....“.‘.
2 18Asssstessnsrsss)

1003 PORNAT (1B ,23X,20RESERGY ABSORBER GCEONRTRY)
1008 PORNAT (1B , 12X, 6NRADIUS,3X, INTEICKDESS,3 X, SHDEPTH,NY, 6HLEWGTH, SX,
1 SEAREA)
1005 POREAT (1N ,P18.3,8710.3)
1005 PORNAT (1K ,16X,33ECASK GEOHETRY AND TEST CONDITIONS)
1007 PORBAT (1B , 12X, 11BCASK WRIGHT,3X,V1HDROP MEIGET, 3I,9HPOTENTIAL,
1 I, GSRWERGY)
1008 POREAT (VN ,P21.1,P18.1,P17.1)
1003 PORSAT (1N , 1%, 12NACCELERATION,2X, 1 1NDEPORBATION,6X SRPORCE, 6X,
1 6NSTRESS,6X,6RSTRAIN,SX,GEENEICY)
1010 POREAT (18 , SX,3NX G,10X,6BINCEES, 9%,88LBS.,7X,8MPSI., 9X,
1 SEIS/IN,9X,SHLB-IN)
1011 PORMAT (18 ,P10.1,P13.3,F16.1,212.1,P11.3,P12.1)
Do 7, 1=1,200
DE(1)=0.0
$(I) =0.0
DEP (I)=0.0
DI(I)=0.0
PORC (1)=0.0
BOER (I)=0.0
7 ACC(I)=0.0
SST=1.0
$TL=2.0
ALON=3.0
60 EE=.005
DS=0.0
63 AHATL=SST
70 RAD=8.375
73 TLEN=0.0
78 AREA=0.0
72 DRPE=S.
71 THK=1.25
80 wY=23200.
DL=EESDEPE
PAI=3. 18159265
IP(RAD .GT. O.) AREA=2.SRAD®PHISTEK
IP(TLEN .GT. C.) ARBASTLRN®THK
IP(ABATL.¥E.2.0) GO 20 6
C AILD STEEL CORPPICIRNTS
A=-%.36337728 8002
B=3, 576780128406
Cs-5,883889128¢07
D=8, 447520802 +08
2=-1.007908382¢10
P28, 3228 12682¢10
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6=-8.82875868 B+ 11
H<1.506858 88412

0=-3.25535392E+12

P=8, 317582728412

Q=~3.208876884 B+ 12

R=1, 019106582412

AA=0.5

AB=385000.

AC=73000.

6 CORTYNUE

IP(ABATL.¥E.1.0) GO TO S
C STAYNLESS STEEL COEBPICIEN?S
A=-6.60006828 2402
B=3.27888020E+06
C=~1.743600752+08
D=5.78280072E+09
E=-9,291160962+ 10
P=8.865090882+11
G=-8,791732802+12
H=1,75760186E+13
0=-8,201155522+13
P=6.33579656B+13
0=-5.8883276R8¢+ 13
R=2.0790 15802+ 13
AA=0.35
AB=642000.
AC=50300.

S COSTINOE
IP(ANATL.NE.3.0) GO 70 12
A=-2,375299922+02
B=8.77222216E+05
C=-2.10395908 2407
D=7.92526976E+08
P=-1.197108 162+ 10
P=9.285227282+10
G=-8,209768962¢ %1
B=1.219196988+12
0=-2.22803820 8412
P=2. 511188602412
0=-1.60332062B+12
R=8. 832868808+ 11
AA=0.5
AB=209100.

AC=27900.

12 CONTINUE

DO 20 W=1,2

AT=24,0

IP(¥ .BQ. 2) BT=360.

UT=NTeR?

SONU=0.0

DS=0.

DO 1 I=1,200

DE(I) =DS

DEP (I) =DE(I) *DEPE

I7(DS.GT.A4) GO TO 21

S (T) =A+(BODS) ¢ (C*DSDS) ¢ (U® (DS9$3.)) + (B* (DS*#4,) )+ (Ps (DS*#5,.) )+
1 (G* (DS$%6.)) ¢ (B® (DS$7.)) ¢ (09({DS*8.))+ (P* (DSs%9,))+


http://DS.OT.il

21

22

10
”"

4]
o~

2 (Q*(DS**10.) )+ (R*(DS**11.))
CONTIBUE '
IP(DS.LE.AR) GO TO 22
STRS= (AB*DS) +AC
CONTISUE

PORC (I)=S (T) *AREA
ACC(I)=PORC (I) /¥T
DO(I) =PORC(T) *DL
SURG=SOR04+DU (1)

BNER (I)=SURU

DS=DS+EE

IP(BNER(I) .GE.UT) GO TO 2
COBTINUE

CORTYSOR

J=1

WRITE (6,1002)

WRITE (6,1002)

WRITE (6, 1001)

WRITE (6, 1000)

WRITE (6,1001)

WRITE (6,1002)

WRITE (6,1002)

WRITE (6,1001)

WRITE (6,1003)

WRITE (6,1001)

WRITE (6,1008)

WRITE (6,1001)

WRITE (6, 1005) ,RAD , THK,DEPH, TLEN,AREA
WNITE (6,1001)

YRITE (6,1002)
FRITE (6,1001)
¥RITE (6, 1006)

WRITE (6,1001)

WRITE (6,1007)

WRITE (6, 1001)

WRITE (6,1008) 4T, HT,UT
WRITE (6,1001)

¥RITE (6,1002)

WRITE (6, 1002)

WRITE (6,1001)

WRITE (6, 1009)

URITE (6, 1001)

WRITE (6, 1010)

WRITE (6,1001)

DO 10 I=1,200

WRITE (6, 1011) ,ACC (I),onm +PORC(T),S (I) ,DE (), BUBR(I)
I7(1.GE.J) GO T0
CONTINOE

CONTINDE

WRITE (6, 1001)

WRITE (6, 1001)

YRITE (6,1002)

WRITE (6, 1002)

WRITE (6, 1002)

WRITE (6,1002)

WRITE (6, 1002)

WRITE (6,1002)
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WRITE (6,1001)
WRITE (6,1001)

CALL QWIKPL(DEF,ACC,J,* LINEAR',*'J.H.EVANSS')
CALL QWIKPL (DEF,ENER,J, 'LINEAR',*J.H.EVANSS')
CALL QWIKPL (ACC,ENER,J, 'LINEAR','J.H.EVANSS')
CONTINUE

STOP

END

LAY AR By
LR “‘!"‘ X\ ety

c8
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Appendix D: Typical Operating znd Inspection
Procedures for TRU Californium
€hipping Container




Iy

Form TRU-5740-1

SHIPMENT PREPARATION SUMMARY

DATE:

AEC-OR USA/5740/BL

TRU SHIPMENT No.:

The following elements of shipment preparation have been properly

completed, copies of the indicated forms are attached.

Loading Procedure (TRU-5740- )

Trailer Inspection Report (TRU-5740- )
Inspection Engineering Department Review
Final H.P. Suryey at TRU

Form UCN-TX-4623 Prepared

88
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FORM TRU-5740-5
TRU CALIFORNIUM SHIPPING CONTAINER Page 1 of 2
UNLOADING PROCEDURE
INCOMING SHIPMENTS
MULTIPLE BASKET ITEMS OR
SINGLE SHIPMENT ITEMS

AEC-OP. USA/5740/BL

Date:
Material Received:

No. Packages:

Type Packages:

Shipper:

Radiation Data: H.P. Representative:

Contact 6 ft
V Gamma, mrem/hr
Neutrons, mrem/hr
Total, mrem/hr
Contamination dpm, alpha

dpm, beta~-gamma

Date Ez

1. Carrier moved from trailer into Bldg. 7920,

—

Items 2 through 13 require H.P. surveillance.

2, Remove top cover plate.

3. Remove bolts fror top valve actuator rod assy.
Pull asgy. out 1 inch.

4, Remove top plug — top loading port shield remains
attached to top plug.




12.

13.

14.

15.

16.

90

FORY TRU-5740-5
Date By Page 2 of 2

Complete pre-move check on TDF:

A. Air, water, power disconnected:

B. Transfer line disconnected:

C. Slug chute closed - handle removed:
D. Valve in TDF ciosed:

Move TDF to stacion above carrier.

Open valve in bottom of TDF.

Lower proper tool from TDF into carrier — engage

basket or single item and lift into TDF.

Close bottom valve on TDF.

Move TDF back to upper stationm.

H.P. survey carrier to determine that carrier is

empty.

Clean all carrier parts. Store in plastic bags.

Contamination lavels after cleaning — dpm alpha

Top plug:

Carrier internals:

Spacers:

Remove old shipping labels from carrier.

Cover open top of carrier with plastic or blotter

paper.

Reinstall top valve actuator rod assy. and tighten

bolts.



FORM TRU-5740-7

Page 1 of 3
MULTIPLE SHIPMENT LCADING PROCEDURE
TRU CALIFORNIUM CONTAINER
AEC-OR USA/5740/BL
Date:
Materi.l to be Shipped:
TRU Shipment No.:
Number of Packages:
Type Packayges:
Date By
1. Contamination levels after cleaning carrier components.
dpm, alpha
Top loading port shield
Top plug
Basket
Carrier internals
2, Transfer multiple shipping basket to decontamination
facility (TIDF).
3. Load and record package positions:
dpu alpha smear
Pogition No. 1
Pogition No. 2
Position No. 3
Position No. &
Position No. 3
4, Disconnect air, water, power, and transfer line from

TDF.

5. Ch2ck that valve in slug chute is closed.




10.

11.

12.

13,

14.

15.

16.

17.

18.

19.

20.

Date

92

— —~! —
FORM TRY 5740-7

Puge 2 o7 3

Remove handle from slug chute valve.

Check that valve in bottom of TDF is closed.
Have riggers move TDF to load-out stationm.
Open valve in bottom of TDF.

With H.P. surveillance, lower loaded basket into
carrier cavity.

Move TDF back to Cell 1 position.

Check condition of sealing surfaces and O-ring on
top inmner plug.

Put top inner plug into carrier, being certain to
orient shaft to engage basket.

Torque top inner plug bolts to 100 in. 1bs.

Check sealing surfaces aui O-ring on top loading
port shielding plug.

Install top loading port shield plug.
Torque top loading port shield plug bolts to 80 in. 1lbs.

Check condition of surfaces and gasket on outer cover
plate. Comments:

Install outer cover plate with lock washers in place.
Torque bolts to 100 in. 1b.

1. General condition of carrier:

2, 01d shipping labels removed:




21.

22,

23.

24,

25.

26.

27.

28.
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FORM TRU 57h0-7
Page 3 of 3
Radiation Data — Obtain and Record — H.P. Representative:

Contact 6 ft Driver

Gamma, mrem/hr

Neutrons, ny, mrem/hr

ng, mrem/hr

Total, mrem/hr
Contamination dpm, alpha

dpa, beta-gamma

Date By

Shipping letter included:

1. Inside carrier top cover:

2. Inside trailer tool box:

Carrier moved to trailer.

Install anchor bolts. Torque to 230 fc-1b.

Install anchor bolt safety wires.

Install cables.

H.P. transfer tag attached to carrier.

Trailer tool box check 1list: 1. Source lifting tool:
2. Index plate:

3. Too) box locked:
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FORM TRU-5740-8
Page 1 of 2

TRU TEN-TON CALIFORNIUM SHIPPING CONTAINER
BIENNIAL INSPECTION CHECK LIST

CONTAINER
1. Inspection of Welds (Visual):

Welds on spherical body:

Welds on top fins:

Welds on bottom fins:

Baseplate welds:

Welds needing more inspection:

2. Fusible Plugs:

Top cover plate:

Bottom cover plate:

Concrete pour opening:

3. Pressure Check:

Remove top cover plate.

Remove bottom cover plate.

Check that bolts on top inner plug are torqued to
100 in. 1bs,

Check that bolts on bottom inner plug are torqued to
100 in, 1bs.
Connect 15 psig air supply, gage, and exhaust valve
and filter assembly to quick disconnects .n top.

L



FORM TRU 57h0-8
Page 2 of 2
Apply 15 psig pressure to cavity and close inlet valve.

After 30 min observe pressure: psig.

If pressure has dropped, checi test equipment for leaks
using soap solution.

If test equipment is o.k., check top and bottom O-ring
seals. Top: o.k., leak

Bottom: o.k., leak

Release air pressure from system.

Obtain H.P. assistance.

Remove top and/or bottom inner plug.

Inspect O-ring and sealing surfaces. Comments:

After making needed repairs, obtain another copy of this form and

repeat pressure test.

¢6
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General Information

1. Origin (Division 2. Destination
3. Method of Transport 4. Weight
3. Special Instructions

Special Ipstructiors Cosplied by

Padioactive Contents

1. ALl major activities fin curies and/or mrams

2, Specify (a} Horual Form D (6) Special Fornm U Special Form No.
(c} Pissile D (d) Yon-Fiasile [:]

3. Radioactive Material Pore: Solid [ ] Liquid [] cas [

4. Heat Load (wmatts): Calculated Estimated By

Shipping Container

1. AEC Certiffcate of Compliance No. AFC-OR-{ISA
2. DOT Specification No. 3. MNuclear Safety Review Ko.
4. Container deternined proper for contents by Date

internal Contafner
1. Internal Containment: GClass Bottle D Plastic Bottle D "2R" D Conoseal D
Welded Capsule (specify capsule material) D
Other (explain) D _

2. Contaminatfon level on internal container: f£stimated ____ Smeared i
3. Radiation ievel from internal container: Measured Ca"culated

4. Caskets or seals (valves) properly installed _ By

5. Leak tests of internai container By

External Container

1. Moderator and meutron svsorher present for fissile material? Yes By

2. External contsiner exsminstion . Yes | By e
3. Gaskets or seals properly installed Yes By -
4. Leak test Yes By

5. Boles torqued to ft Ibs By

6. Tie down to skid checked __Yes By

7. Teruper seal tnstalled . Yes [ ey

8. Lid eye Holt removed and wired to the outside of the carrier Yes By

Radfation Survey

1. Surface contsaination level: Alpha dom, B~y dpm
2. External radistion level wren/hr G contact
3. Domestic shipments j woem/hr @ 3 fr from susface
4. Foreign shipments mrem/lir @ 1 meter from center
5. Bealth Physics Surveyor Date

Truck Vie-Down and Shoring
1, Tie-down and shoring checked by (Inspection Engincering)

Shipment Approved By

Date

T%-8623 (Revised 9/74)
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