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SAFETY ANALYSIS REPORT FOR PACKAGING: THE ORNL
IN-PILE CAPSULE SHIPPING CASK

J. H, Evans K. K. Chipley C. B. Haynie
W. K. Crowley R. 4. Just

ABSTRACT

The GRNL in-pile capsule shipping cask is used to transport
irradiated experimental capsules and spent fuel elements.

The cask was analytically evaluated to determine its compli
ance with the applicable regulations governing containers

in which radioactive materials are transported, and that
evaluation is reported. Computational procedures were used
to determine the structural integrity and thermal behavior

of the cask relative to the general standards for normal
conditions of tramsport and the standards for the hypothetical
accident conditions. The results of the evaluation show that
the cask is in compliance with the applicable regulations.

0. GENERAL INFORMATION
0.1 Introduction

When a package containing radioactive or fissile material is shipped
from one location to anotlier, the package is svbject to regulations
governing its structural integrity, shielding, heat dissipating capa-
bilities, containment capabilities, and quality assurance. The governing
reguiations are set forth in Title 10, Part 71, of the lode of Federal
Regulations;! Chapter 0529 of the Department of Energy (DOE) Manual;?
and in Title 49, Part 173, of the Code of Federal Regulations.? Com-
pliance of ihe package or shipping container with these regulations must
be sﬁown by test, experimental, or computational methods to secure
approval for shipment of radioactive or fissile materifals. The analytical
evaldations and supporting experimental data which demonstrate that the
ORNLjin-pile capsule shipping cask complies with the regulations are

reported.
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The cask was designed in 1964 by the Equip-ent Design Group of '
Comnecticut Advanced Nuclear Engineering Laboratorv (CAREL), a division
of Pratt and Whitney Aircraft Corporﬁtion. Two ideﬁtical casks were
fabricated by National Welding and’Hanufacturiﬁg Company of Newton,
Connécticut. The casks were transferred to Oak Ridge National Laboratory
in November 1965. Prints of the original fabrication drawings were
obtained with the casks and are maintained on file irn Suilding 3525.

The cask will be modified to improve its structural integrity and
to enable it to comply with the thermal accident requirements of the
regulations. The cask will undergo the';ndifications upon approval of
this SARP by the Oak Ridge Operations Office of the DOE. All analyses
and description of the cask, presented here, reflect tne mcdificatioms
to be made.

’ The fabrication work is to be performed in the ORNL Shops, and "as-
built” drawings, including the nodificationb; of the cask were prepared
by the Equipment Design Section of the General Engineering Division at
Oak Ridge National Laboratory. These drawings are presented in Appendix
A. There are two casks which are identified by DOE Certificate of
Compliance No. AEC-OR USA/5907/BLF and ORNL identification numbers
10516~201 and 105S16-202 respectively. The cask is usually 3hipped via

motor carrier, but it is also usable for rail and water *ransport.
0.2 Package Description

0.2.1 Cask description

- The cask is a horizental circular cylinder (shown in Figs. 0.1 and
0.2) having an outside diameter of 24 in., length of 83 in., and weight
of 17,000 1b including the skid. The cavity dimensions are 4~1/4-in, in
diameter by 58-in. long. The cask is lead filled between a stainless
steel inside liner and carbon steel outer shell. Biological shielding
consists of 9-1/2 in. of lead. Access to the cavity 1s through a plug
on one end (upper cover) and a sliding plug shutter (lower cover) on the
other end. Thase plugs are gasketed and form secondary containment.
Primary containment 1is provided by the cladding or jackets of the fuel
elements or capsules or an inner vessel conforming to Department of
Transportation (DOT) Specification 2R.*
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The original cask had an exterior shell of 0.25-in.-thick carbon
steel. This was modified by placing an additional 0.5-in.-thick carbon
steel shell in contact with -‘he original. Both shells are seen in Fig.
0.1. The cask and skid weigh 17,000 1b. The cask, excluding the skid,
weighs 16,000 1b, and its center of gravity is approximately at the
geometric center. The cask access plug assembly weighs 110 1b, the
sliding gate weighs 220 1b, and the gate cover weighs 30 1b. The cask
is equipped with fiie shields covering each exd and is painted with
intumescent paint to reduce the quantity of lead which would melt in a
fire. The simplified model used in the calculations is illustrated in
Fig. 0.3.

0.2.2 Operational features

The cask may be loaded or unloaded in either a horizontal or vertical
orientatior while in a2 hot cell, comnected to a hot-cell transfer port,
or undervater, or by other remote means. Underwater loading and unloading
is via the cask access plug with the axis of the cask vertical. Dry
loading and unloading is usually accomplishei via the sliding gate with
the axis horizontal. The cask can be unloaded by connecting a handle o
the inner parr of the cask access plug and pushing the contents through
a port,

The cask is 1ifted in a horizontal attitude by two shackles attached
to the cask lifting bar. When lifted with the axis vertical, a special
lifting fixture and the trunnions on the access plug end are used. The
cask is secured to transport vehicles by use of tension members as shown
in Fig. 0.4. The skid is used for all modes of transport, but may be
removed for loading and on-site handling.

0.2.2 Contents

The cask is approved for Type B and large cuantities of radioactive
materials and Fissile Class 1 shipments. The counter.ts are limited to
so0lid materials.

Examples of contents are spent reactor fuel, irradiated experiments,

and other solid radioactive and fissile materials, Spent fuel examples
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are coated particles of U, Pu, and Th; <’ 1d oxide rods of U, Pu, and Th;
.or solidified molten salt fuzls. Examples of other materials which have
been shipped sre BeO; silicates of Nb, Ti, Ta, and Zr; nitridss of Zr,
Nb, Ts, and Ti; carbides of Zr, ¥b, Ti, and W; and metallic specimens.
All the above are either =nf:sed in metal cladding or in a 2R container.
The contents may also be special form materials.

Radiocactive materials are limited to quantitles that will result in
radiation levels external to the cask equal to or less than allowed by
the regulations.? Fissile material is limited to 1250 g per shipment.
In addition, 1if the total quantity of fissile material exceeds 800 g,
the distribution of fissile material is limited to 250 g per linear
foot. All fissile shipments are Fissile Class 1. The decay heat is
limited to 350 W vhen shipment is by common carrier. When shipped by
exclusive-use vehicle, the decay heat load is limited to 1000 W. The
weight of the contents and the inner containment vessel(s) will not
exceed 100 1b.

1. STRUCTURAL EVALUATION

The package complies with the structural requirements of the regula-
tions.!”3 The calculations, test results, and engineering logic presented
in succeeding sections demonstrate compliance with these performance
criteria. Additional evaluations, considered pertinent to the safety
and operability of the package, are included. The effects of both
normal and specified accident conditions on the structural integrity of
the package are cousidered. o -

1.1 Mechanical Properties of Materials

The cask is constructed of low-carbon or mild steel, type 304
stainless steel, and cast-in-place lead. The steel is specified on the
drawings as "steel," "mild steel,” "HR steel,” etc.; hence there is
doubt as to mechanical properties. The properties in Table 1,1 are
taken to effect conservative solutions. The static properties of the
materials used in the cask are listed in Table 1.1. The stainless steel



properties are published by the International Nickel Co-pany.S Low-
carbon steel and lead properties are taken from Machine Design® and
Manual of Steel Comstruction.’

Table 1.1. Static mechanical properties of cask materials

-~

304L Low
Property Symbol stainless carbon Lead
steel steel

Yield stress,

psi oy 30,000 30,000 1300
Ultimate tensile

strength, psi o, 75,000 60,000 2500
Modulus of elas-

ticity, psi E 29 x 108 29 x 10° 2 x 108
Elongation, T A 40 28 45
Density, 1b/in.3 oo 0.283 0.283 0.41
Maximmm allow-

able shear =

c /2, psi < 15,000 15,000 1000

y max

Coefficient of

expansion

in./in.*°F a 9.2 x 10-° 6.5 x 106 16.3 x 10~©
Ultimate shear

stress, psi L 61,000 45,000
Allowable bearing

stress, psi % 48,000

The properties of chemical lead are used to effect a conservative
solution. The dynamic properties of chemical lead reported by Evans®
are used in the impact analyses. The programs used to estimate the
response of the cask impacting on the corner and side are based on the
assumption that the cask ig constructed of ideally plastic materials.
An ideally plastic material is one which has a constant value of stress
for all gtrains., It is recognized that rormally used cask materials do
not behave in this manner. However, conservative solutions can be

effected if care is used in selecting the material property comstant,
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“dynamic yield stress, or specific emergy, and in interpreting the results.
To accomplish this objective, numerical values for ideal dynsmic yield
stress or specific energy which bound the real stress-strain curve must
be selected. The lower value will result in a calculated deformation
-which 1is greater than actual. The higher value will result in calculated
accelerations cf greater magnitude than actual. It gan then be seen
from observation of Fig. 1.1 that the selected values of 6000 and 14,000
psi for lead will effect a comservative solution for the in-pile shipping
cask. The volumetric expansion properties of lead as reported by Shappert?
are used to evaluate the effects of thermal gradients. Figure 1.2 is
reproduced from Shappert's report. The dynamic temsile properties of
stainless steel and mild steel reported by Clark!? are reproduced in
Figs. 1.3 and 1.4. The dynamic compregssive properties reported by
Evans,ll reproduced in Figs. 1.5 and 1.6, were used in the impact analyses.
These curves support the selection of 100,000 and 240,000 psi as limits
for ideal dynamic yield stress or specific energy for mild steel for
those techniques employing this concept, as discussed previously for -
lead. In all impact analyses, it is agsumed that the meterials are
incompressible. .

The dynamic properties of threaded stainless steel fasteners reported
by Cannonl!? are used in the impact analysis of the closures. Cannon
impact tested commercial stainless steel bolts and cap screws in the
size range 3/8 to 1 in. He found that the dynamic vield stress of
fasteners was in the range 75,000 to 104,000 psi, and the ultimate
stress was in the range 95,000 to 150,000 psi. The wide variation in
properties is, to a great extent, cdue to difference in method of manu-
facture. The lower values will be used as failure criteria for this

analysis.
1.2 General Standards for All Packages
The general standards for all packaging cover the chemical and

galvanic reaction of the package natcricls, closure of the package, and ¢
the 1ifting and tie-down devices for the package. The in-pile capsule
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shipping cask is constructed of lead, low-carbon steel, and stainless
steel. To date, visual inspections indicate there has been no chemical
or galvanic reaction between the components of the cask or the cask and

its contents.

1.2.1 Closure

The standards specify that the package be equipped with a positive
closure that will prevent inadvertent opening. The cask upper cover,
lower cover, and gate are all secured with stainless steel bolts which
qualify as positive closure,

1.2.2 (Cask-lifting device

If there is a system of lifting devices that is a structural part
of the package, the regulations require that this system be capable of
supporting three times the weight of the loaded package without generating
stress in any material of the package in excess of the yield strength.

1.2,2.1 Horizontal 1lift. The cask is normally lifted in the hori-
zontal orientation by a two-legged sling a tached to two l-in. shackles

which are in turn attached to a lifting bar (see Fig. 0.1). The shackles
are rated!3 at 8-1/2 tons each and comply by virtue of their rating. We
are'assuning the sling angle (as measured from the vertical centerline)
is at no more than 45°. This assumption will be conservative, since
this)is the maximum angle used in good rigging practice. The load
applied to each lifting device is then

P = 1.5W/cos 45° = 36,060 1b ,
wvhere

W = weight of cask and skid (1b) .

The 1-in.-thick l1ifting bar is reinforced at the holes where the shackles
are attached, and the thickness at these points is 1-5/8 in. (see Fig.

1.7). Thus the bearing stress in the gusset wvhen two shackles are used
is '
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s =P . __(36,060)
b~ dc (1.125) (1.625)

= 19,700 osi ,
vhere

t = thickness at the hole = 1.625 in.,
d = shackle pin diameter = 1.125 in.

The clearence is

1/2
h (rh rp Y/ ((0.594) (0.563) ) 0.189 in.

The shearing stress at A-A is
v, 1.5%
20 2[(r - h)t" + (L - x©)t]

. 25,500
_ 2[(1.25 - 0.189)1.625 + (1.5 ~ 1.125)1]

T =

= 6720 psi ,

where

W = weight of cask and skid (1b) .

The stress (o) in the gusset-to-container skin weld is

L 21,000

58 880 psi ,

where

A = weld area.

Therefore the bearing stress and shearing stresses are less than the
allowable., If, under extreme loading, either cask lift device failed,
damage would occur in the area adjacent to the 1lifting devi:e. This
would not impair the function of the cask. Hence the horizontal 1lift
device complies with the regulations.



1.2.2.2 Vertical 1ifting. The cask is lifted in the vertical
orientation by using the two 3-in.~diam trumnions on the plug end of the
cask (see Fig. 1.8). These devices will be used to rotate the cask from
the horizontil orientation to vertical. The maximum load will result
from a vertical 1ift, simnce for turning a portion of the cask's weight
is Supported by the rear trumnions, vhich are used to secure the cask to
the skid. The vertical load, P_, on each trunnion will be 1.5W = 24,000
1b. For the vertical 1ifce, the cask is lifred without the skid; however,
for calculatiou purposes it shall be 1ngluded.

At plane m-m, the maximum bending stress is

P K 32(25,500) (1.25)
iD’/32 x(3)°

Q
. ]
hﬂ:

= 12,000 psi ,

where

moment (in.-1b),

section modulus (in.3).

N
n

»
For vertical lifting, the sling angle will not exceed 45° in practice.
The horizonia! component, Px’ is also 1.5W = 24,000 1b. The compressive

stress, G.» Om the trumnion is

P
X . 25,500 _
< *x —-'——7"(1.5) 3600 psi .

The maximum stress, o , 18
max

Opax = % g, = 12,000 + 3600 = 15,600 psi .

The shearing stress is

e Rty 26,000'-(3)2
A *D4/4 4

= 3400 psi

at plane n-n. The location of the neutrai axis (see Sect. A-A, Fig.
1.8) s
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Agyp + Ajyy + Agy2 + Azys
Ag + A} + Ay + A3 ’

y:

where A is cross-section area;

= . 5(3/4)0 + 5(3/4)(2.75) + 2(3)(3/4)(4.63) _ '
y 2G)3/6 + 200 GI4) 2.3 da.

The moment of inertia by the transfer axis theorem is

I = I(Ig + Ad?) ,

where

Io

moment of inertia of the individual parts, about their
centroid (in."),

area of the individual parts (in.?),

distance from the neutral axis to the centroid of the
individual parts (in.).

a >
[} ]

Since Ip = Iy, I, = I3, Axdy2 = A3d3?, and Ag = 4, ,

I=2Ip + Ao(d02 +d1%) + 21, + 2A2d22

2(to3)b 2(hy3)e,
eV +{tbd (doz + dlz) + 1z + 2(t2h2)d22 ,

3 3
I = 2(0'12 3) 4 (0.75)(5)(2.592 + 0.162) + 2 312°°75

+ 2(0.75) (3)2.042 = 47,7 in."

and the bending stress is

P fc
N - (- S 24,000(2.25) (3.54) -
o, " T 1 277 4000 psi .

The compressive stress is

P ,
= -l - M - .~
o, =% = 2000 psi ,

oﬁax =0, +.oc = 4000 + 2000 = 6000 psi .
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The shearing stress is

Po 24,000
A

= 2[00.75) (5) + 0.75(3)] 2000 psi -

The calculated normal stresses are less than yield, and the shearing
stresses are less than the allowable shearing stress. It is concluded

that the cask-lifting devices comply with the regulatious.

1.2.3 Lid-lifting devices

The regulations state that if there is a system of lifting devices
that is a structural part of the lid only, this system shall be capable
of supporting three times the weight of the lid and any attachment with-
out generating stress in any material of the 1id in excess of its yield
strength. I: is further required that unless rendered useless for
lifting during transport of the package, the 1id lifting or amy other
system of lifting devic?s shall conform to the requirements for the
package lifting system.

The pa-~kage has three plugs which fit the definition of lids.

These are shown in place in Fig. 0.1. The calculated weights of the

upper cover, lower cover, and gate are 110, 30, and 220 1b respectively.

1.2.3.1 Upper cover. The upper plug is normally lifted either by
the two handles or by the =“wo lifting lugs showm in Fig. 1.9. Consider
the case where the 1id is lifted by the twoc handles. The load on each
handle would be as shown in Fig. 1.9. Note that if ‘the load was not
centrally located, there would be a tendency for the piug to rotate and
bind in the hole, so the centrally located force will be considered in
this calculation. The handle top bar could reasonably be treated as a
rigid frame, using formulas published by Griffel:!"

. PL . (1.5)(110) (3~-11/16) - 3% in.-1b
8 [2 + (Ib/Ic)(h/L)] 812+ (1)(1-1/16/3-11/16)} ot ’

M = M,

where
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M;. My, h, and L are as labeled ir Fig. 1.12,
P=15W,
Ib/Ic = ratio of moments of inertia, beam to columm.
The moment in either cormer joimt is
M, = M3 = -2M; = -2(34) = -68 in.-1b .

The moment at the load P is

N - PL, g, - 1.5(110213-11/16) 68 = 84 in.

°1b .

The horizontal force at the bottom of each column is

P 1¢) I
=~ =176~ % 1b -

The bending and tensile stresses at the load point are

I (DY CTE?) M
» ?

Sb =T = “w(5/3D%/4 -

. tension _ 96
T area n(5/32)%

= 1251 psi .

For an extreme fiber at the top of the beam, the stresses are both
tension and additive. Thus,

Slllax = Sb + ST = 28,000 + 1251 = 29,251 psi .

Thus the 1ifting handles are adequate for the loading condition.

The alternative means of lifting this plug is with the two lifting
eyes made of 3/8-in. plate each having 3/4-in.-diam holes. The loading
on each eye is shown in Fig. 1.10. For these calculations, it will be
assumed that a 5/8-in.-diam pin is inserted through the hole for lifting.
The bearing stress is
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P 165
at = (0.625) (0.375) - /04 psi,

g =

where

P = load = 1.5 = 165 1b,
. d = pin diameter (in.),
t = thickness of plate (in.).

-

The shearing stress, T, slong plane A-A isg

P __P
2A 2th °
where

h = length of plane A-A

1/2 1/2
/2 - a=12/2 -(:hZ - rpz) / = 0.625 -((0.375)2 - (0.312)2) /

0.417 4in.

Therefore the shearing stress is

165 i
T " 7(0.375) (0.517) - o2 P8l .

Since these are below the allowable stresses, the eyes comply with the
regulations. The lower cover weighs 30 1b and has two lifting eyes made
of 1/4-in.-thick plate. Each has a 1-in. hole as shown in Fig. 1.1l.
The load per eye, P, to be used in calculating stresses is 1.5 times the
cover weight or 45 1b. Using the same method of calculation, the
bearing stress, o, and shearing stress, 1, are

P 45 i
at = 70.875) (0.250) - 205 pei,

’ g =

1/2 1/2
' h=g/2 -(rhz - rp2) = 0.750 -(0.52 - 0.4382) z . 0.508 in. ,

T * Iht ® 7(0.508)(0.25) - 177 psi .
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These stresses are less than the zllowable; hence they comply with tke
requirements of the regulations.

The gate or shutter 1id plug is lifted by a single ear made from a
1/4-in.-thick plate with a 2-in.-dian hole. The plug weight is 220 1b,
so the load which must be supported is 3 x 220 = 660 1b. The primary
concern for the plug-lifting device is bending when a small pin is
inserted in the 2-in.-diam hole. To find ‘the bending stress in the
lifting eye, assume that the eye has the dimensions of the dotted model
as shown as an overlay in Fig. 1.12. This will be conservative in
comparison because the model has both a longer horizontal beam and
columns of less stiffness. The rigid-frame formulas have been published
by Griffel:1"

PL
Il TR ARV

Hl’

. 3(220) (2.62)
8[2+ (0.53/0.623)(1.75/2.62)]

= 92 in.°1b ,

where

M;, My, h, and L are as labeled in Fig. 1.12,
P = three times the actual 220 1b weight,
Ib/Ic = ratio of moments of inertia, beam to _olummn, in this case

the cube of the depth ratio.
The moment in either cormer joint is

M, = M3 » -2M; = -2(92) = -184 ia.-1b .

The moment at the load P is

M - Loy wp - 2200262 _ 154 2 248 o1 .

The horizontal force at the bottom of each column is

M 392
n-—h——-n—i-—ll-75 = 158 1b .
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The bending and tensile stresses at the load point are

_ Mc _ 248(0.25)12 _
Sp =T ™ 10.25)(0.5)7 - 23,800 psi ,

S = tension _ 158
T area (0.25)(0.5)

= 1260 psi .

For an extreme fiber at the top of the beam, the stresses are both

tension and additive. Thus,

smax = Sb + ST = 23,800 + 1260 = 25,100 psi .

These stresses are less than the yield stress, and the plug-lifting
device complies with the regulations.

1.2.4 Tie-down devices

If there is a system of tie-~down devices that is a structural part
of the package, the regulations require that this system be capable of
withstanding a static force applied to the center of gravity of the
package with a vertical component of two times the weight of the package
and its contents, a horizontal component along the direction of travel
of ten times the weight of the package and its contents, and a horizontal
component in the transverse direétion of five times the weight of the
package and its contents. This applied force shall not generate stresses
in any material of the package in excess of the yield strength of that
material. It is also required that any tie-down device that is a
structural part of the package shall be so designed that failure of the
device under excessive load will not impair the ability of the package
to meet other requirements of the regulations. ‘

The cask is designed to be secured to the transport vehicle, as
shown in Figs., 0.4 and 1.13, by four tension members attached to the
four tie-down lugs. For the general case, the notations I, J, K, H, and
L of Fig. 1.13 represent the dimensions of the tie-down system. Of
these, only the value of H 18 fixed by the container geometry. For the
10W load, by summation of horizontal forces (see Fig. 1.13), Px = SW.
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It follows that the horizontal resultant in the direction of the tie-
doun member is FR = 5W(K/J). The temnsion in the two rear tie-down
members is T)g = SW(L/J). The 5W trsisverse load is Tg = 2.5W(L/I;.
The 2W vertical load has a net resultant of W :pward and is equally
distributed between the four tie-down members. The tension in each
member as a result of the upward load is T, = (W/4)(L/H). The tensionm,
T, in the most loaded member fs

T, = Tig + Ts + T = SR{L/J) + 2.5W(L/I) + (W/4)(L/R)

= WL(5/J + 2.5/1 + 0.25/H).

The values of the dimensions I and J will vary over a ronsiderable range
in practice. Ratios of I to J will be in the range 1/1 to 1/2. For
highway trailers, the most likely mode of transport for the casks, an I
to H ratio of near 1/1 is likely. These ratios are selected to demon-
strate compliance with the tie-down requirements. For 1/J =1, H =1, X
= 31/2  and T, = W(3)1/2(5 + 2.5 + 0.25) = 13.42W. For the 1/J ratio of
1/2, H=1,K = (5)1/2, L = (6)1/2, and

T =W (6)1/2(% *ZTS“‘ Qi—z-f‘—)= 12.86W .

The I to J ratio of 1/1 results in the largest loads in the tie-down

lugs, and the evaluation will be made on this basis.

The tensile forces and component loads in the members are

[
]

13.42W ,

]
n

W(3)1/2(5 + 0.25) = 9.093W ,

w(3)1/2 (0.25) = 0.433W ,

L]
[}

-
»

w(3)1/2 (2.5 + 0.25) = 4.763W ,



It is possidble that the tension members carry additional loads to, preveant
tipping. To evaluate this possibility, the point at which the resultant
force (Ph) acts must be located.

Summation of moments about axis m-m yields
tM =07+,
n-x

an - 10WE - (Pzn + sz)A + (cm + Pzd)B =0,

X = {10E + (7.75 + 5.25)A - (0.25 + 2.75)B]W
15w

<E+1.3A-0.38 2+ 37.7 - 4.6
1.5 1.5

= 23.4 in.
Summation of moments about axis n-n yields
znn_n-off,
Fy=-SWe+ (-F,_+F, +F -F =0,

zb zc

o SWE + (7.75 - 5.25 - 0.25 + 2,75)WC
15W

E+C_2+155,

y
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If the direction of travel were reversed, the dimension y would be as
calculated above. The equation for X would become

_E+0.3A-1.38 _2+8.7-19.8
1.5 1.5

X

= -6.07 in.

The negative sign means X is located on the opposite side of the axis.

Since these dimensions are located within the cask skid, the tension

members do not carry additional loads to keep the cask from tipping.
The lcad in the most loaded member is

T, = 13.42 = 13.42(17,000) = 2.28 x 10° 1b.

The load is applied essentially normal to th»e tie-down lug. The bearing

stress is

Ta _2.28 x 108

9B W® " (2.9(2)

= 39,300 psi ,

where

b = width of 1lug,

d = diameter of hole.

The bearing stress is less than the allowable bearing stress (see Table
1.1) of 48,600 for mild steel. It can be determined by inspection that
welds securiag the tie-down bar to the cask are adequate. Failure under
extreme load would occur in the tie-down lug. This would not impair the
function of the container. It is concluded that the cask tie-downs

conform to the requirements of the regulationms.
1.3 Standards for Type B and Large-Quantiiy Packaging

The structural standards for large-quantity packaging cover load
resistance of the packaging and the external pressure which the package
must withstand. Compliance of the cask with these requirements is
discussed in the following subsections.



1.3.1 Load resiatance

When regarded as a simple beam supported at its ends along any
major axis, the cask must be capable of withstanding a static load
normal to snd uniformly distributed along its lemgth that is equal to
five times its fully loaded weight without generiting stress in any
material of the.cask in excess cf the yield strength of that material.
The equivalent cross section of the container anslyzed in this study is -
illustrated in Fig. 1.14. The effect of the original 0.250-in.-thici
outer shell is neglected.

The cross section of the container is composed of the outer steel
shell, the lead, ani the imner stainless steel shell. as shown in Fig,
1.14. Since these components are symmetrical about the same axis, the
moment of inertia of the composite section is the sum of rthe equivalent
moments of inertia of the individual components. For a thin shell, the

moment of inertia about its diameter is

0=n/2

= = 2 2 - 3
_Is /y2 dA 4/' (tn sin e):rm de LS

=0

where L3 is the mean radius and t is the thickness. Neglecting the
effect of the lead, the moment of inertia of the composite section is

I=n(ro®tg+ 3c) = [(12.253)(0.5) + (2.1883)(0.125)] = 2890 in." .

The maximum bending stress is

o Mc _ w(L)2.c _ 964(83)2(12.5) _
o7 81 8(2890) . - 3600 psi,

which is far below the allowable stress.

1.3.2 External pressure
The regulations require that the shipping package be adequate to

assure that the containment vessel will suffer no loss of contents if
subjected to an external pressure of 25 psig. For calcularional purposes,

it will be assumed that the lead cavities are at atmospheric pressure.
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A potential consequenc> of external pressure is buckling of the
cylindrical shells. The outer shell of the vessel or body is probably
the most vulnerable shell from a buckling standpoint. Assuming the
. simplified model of a right circular cylinder 25 in. in outside dismeter

by 83 in. lopg by 0.5 in. in wall thickness with closed ends, the cricial
- (buckling) pressure is determined using equations published by Faupel.l!S
As before, the effect of the original shell is neglected. For axisymmetric
(bellows type) buckling, the critical pressure is_

- SEERE | 2029 x 109 (0.500/12,25)"
Per 301 - wD)] (3(1 - 0.39)] 58,480 psig .

For lobar buckling the critical p:zessure is

p = _1.345E (e/m)5/2
er @ - wd)3® " 1.57(L/R) - (e/R)T/Z

_ 1.345(29 x 106) _ (0.5/12.25)5/2
(1 -0.3%9)37% ° 1,57(83/12.25) - (0.5/12.25)1/?

= 1350 psig .

Since the critical buckling pressure of 1350 psig is greater than 25
psig, the shells will not buckle.

External preésure would also load the flat-plate-type ends of the
cask. Thege plates have a central hole concentric with the vessel axis.
Both the inner and the outer perimeter of each plate are welded to
supporting parts so that edge moments will be developed if the plate is
deflected by a pressure differenti‘l. In calculating stresses for these
plates (with outer radius to inner radius of only 24/7), it will be
conservative to neglect the edge moments. Thus, from Roark,l6 the
maximum stress is

_ Bwa? _ 0.348(25) 51222 .
s, =7 (0.5) 5012 psi ,

. ’
vhere
8 = coefficivnt interpolated from Roark's work,
v = pressure differential (psi),
a = outer redius (in,),
t = plate thickness (in.).
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Thus the actual stress will be a small part of the yield stress, and the
plate will not fail. ‘

Primary and secondary contaimment will withstand the 25 psig external
pressure as outlined below. The 2R comtainer heads will withstand 25
psig external pressure, since they are tested (see Sect. 1.7) at 1.5
times the design pressure of 20 psig. Comparison of the ratios of t/R
and L/R raised to the appropriate powers for the 2R containers with
those preceding for the outer shell of the shield demonstrates the
adequacy of the cylindrical shells of the 2R containers. The ability of
"special form" encapsulations to withstand the external pressure is
obvious by comparison of geometry with the above and comsideration of
the prescribed tests.l,2

1.4 Compliance with Standards for Normal
Conditions of Transport

The regulations for normal conditions of transport for a single
package require that the effectiveness of the package will not be
substantially reduced by the normal conditions of tramsport and that
there will be no release of radioactive material from the containment
vessel. The contents of the container are limited such that there will
be no gases or vapors in the package that could veduce the effectiveness
of the packaging. There is no circulating coolant other than atmospheric
air, and there is no mechanical cooling device required or provided.

The shield and inner container(s) are so designed that the contents will
not be vented to the atmosphere under normal conditions of tramsport.
These normal conditions include the effects of heat, cold, pressure,

free drop, and penetration.

1.4.1 Heat

The package must be able to withstand direct sunlight at an ambient
temperature of 130°F in still air without reducing the effectivenéss of
the packaging. A computer program, HEATING—3,17 modified to evaluate
phase change of materials, was used tv compute the steady-state tempera-
ture distribution in the cask and its contents under the specified
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conditions (see Sect. 2). The calculatory model is shown in Fig. 2.1
aad the input constnats in Table 2.1. The computed temperatures at
locations of concern aré outlined in Table 2.2.

These temperatures will not adversely affect the casks. The materials
of comstruction do not suffer significant change in physical properties
at these temperatures. The continuous operating temperature 1imit18® of
the O-rings in the 2R contsainer is 500°F, which is above the calculated
seal temperature. The calculated pressures (see Sect. 2.3.4) will not
adversely affect the containers (see Sects. 1.7 and 1.9).

The regulations3 set forth by DOT further stipulate that 'he tempera-
ture of any accessible surface of the fully loaded shipping package
shall not exceed 122°F when the package is in the shade in still air at
an smbient temperature. Assuming an ambient temperature of 100°F and an
inner container heat load of 350 W, the maximm accessible surface
temperature was found to be 120°F.

1.4.2 Cold

The shipping package must be able to withstand an ambient temperature
of -40°F in still air and shade. At -40°F, pressure (p) in any cavity
sealed at a pressure of 14.7 psia and a temperature of 70°F (530°R) 1is

P72 (14.7) (420)
p= 'TT—" G30) 11.65 psia .

The resulting pressure differential is not significant by comparison to
the 25 psig external pressure of Sect. 1.3.2. A temperature of -40°F is
within the operating temperature range of the materials of the cask.
Brittie fracture of the primary containment vess:l (2R container or
cladding) under the stipulated cold condition is not credible, since the
ductile~to-brittle transition temperature of the materials?? from which
the vessel is constructed is below -40°F. The same is true of all
threaded fasteners and the cask inner cavity. The cask outer shell,
flat heads, lifting and tie-down devices, and support structure are
fabricated from low-carbon steel. The transition temperature of this
material is above -40°F; hence these members would undergo s loss of
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ductility. They operate vnder very small loads during normal conditions,
and failure is not likely. If a failure pid occur, primary containment
would be maintained, and the shielding capability of the cask would not

" be compromised. A failure would be detected by routine inspection and
repairs made before further use of the cask.

1.4.3 Pressure

The regulations for normal conditions of tramsport specify that the
package be able to withstand an atmospheric pressure 0.5 times the
standard atmospheric pressure, the resulting pressure being 7.35 psia.
This reduced atmospheric pressure is additive to the internal pressures
attributable to the elevated temperatures resulting from the content's
decay heat and atmospheric conditions (see Sect. 2.3.2). The pressure
differential between any part of the cask body or plug and atmosphere
will not exceed 7.35 + 4.75 = 12.1 psig. The hoop stress in the outer
lamination of the shell is

o = BE 2 12102 _ 299 pgy .

The gaskets are adequate for a differential of 12.1 psi.

By comparison with the 25 psig external pressure conditions (see
Sect. 1.3.2), it can be seen that the stresses in the flat heads of the
cask body will not approach the yield stress. It can be determined by
ingpection that the stresses in the plug cladding are less than those in
the body shells. The reduced atmosphere would ot affect the primary
containment vessel unless secondary containment failed. If this did
happen, the resulting pressure differential, which is the sum of the
reduced atmosphere and the maximum in container pressure from Sect.
2,3,4, is 7,35 + 11.5 = 19.85 psig, less than the design pressure for
the vessel (see Sect. 1.7). 1t is concluded that the cask complies with

the reduced atmospheric pressure requirement.

1.4.4 Vibrations

The regﬁlations require packages to withstand the vibrations normally
incident to transport.
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The containers are of welded construction. Transport vibrationms
have not affected the integrity of the cask. All fisteners are equipped
with lock washers and will not loosen due to tramsport vibrationms.

1.4.5 Water spray

It is required that the cask withstand a water spray sufficieatly
heavy to keep the entire exposed surface, except the bottom, continuously
wet for a period of 30 min. The exposed surfaces of the cask are of
painted steel and will be unaffected by water spray.

1.4.6 Free drop

The regulations for normal conditions of transport require that a
package weighing between 10,000 and 20,000 1b be capable of withstanding
a free drop through a distance of 3 ft onto a flat, essentially unyielding;
horizontal surface, striking the surface in the position in which maximum .
damage is expected to result. It cannot be determined by inspection
which orientation would result in maximum damage. Therefore, impact
orientations of (1) cormer, (2) end with the axis of the cask vertical,

(3) on top of the cask on the 1ifting bar with the axis of the cask hori-
zontal, and (4) with the axis of the cask horizontal, impacting between
the 1lifting bar and tie-down lugs, are considered.

Demonstration of compliance with this requirement by analytical
methods is difficult, because experimentally verified analytical techniques
do not exist, and all the necessary material properties data are not
available. Drop tests have not been performed on the cask configuration
under consideration. Therefore, the following analyses are intended to
conservatively characterize cask response and to demonstrate compliance
with the regulations.,

1.4.6.1 Corner impact. If the cask impacted on a corner, the

kinetic energy would be dissipated in both elastic and plastic deforma-
tion of the lead and steel near the point of impact. An unpublished
ORNL computer program, 1001 CASK, was used to estimate the response of
the cask to a corner impact. The derivation of the equatiors used in
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the program and a program listing are in Appendix C. The program is
based on a cylindrical model made from a single ideally plastic material.
The model assumed for calculation purposes has a radius of 12.5 in., a
length of 84 in., and a weight of 16,000 lb. The assumed material has a
dynamic yield stress in the range of 6000 to 14,000 psi. The deformation
calculated using the lower value is greater tham actual, and the accelera-
tion calculated with the higher value is greater than actual. A report
by Shappert and Evans!? supports the validity of the stress range selected
(see Sect. 1.1 for a discussion of this approach). The calculated
acceleration-deformation histories of the cask are shown in Tigs. 1.15
and 1.16 for the smallest and largast dynsmic yield stress values used.

The calculated deformation will be a maximum when the lower value
of dynamic yield stress is used. The calculated deformation is 1.98 in.
(see Fig. 1.15). The acceleration will be a maximum vhen the upper
value of dynamic yield stress is used. The calculated maxjmum accelera-
tion is 62g's (see Fig. 1.16).

The calcuiated maximum deformation will not result in radiation
dose rates in excess of those allowed by the regulations.'~3 This
conclusion is reached, since the thickness of shielding in the corner
after the accident is greater than the original radial thickness.

Fracture or cracking of the welds joining the heads to the shells
1s not likely. If a crack did occur, it would be detected by routine
inspections and appropriate repairs made. The rear sliding gate, the
rear cover, cr ihe cask plug could be jammed. If this occurred, the
cask could be unloaded via the undamaged end. After unloading. repairs
would be made. The impact would place the bolts securing the plugs and
gate in tension. The vectorial fraction of the acceleration which loads
the bolts is A = Ahax » cos 8 = (62) cos 16.6 = 59.3g, where & = tan~!
(cask diameter/cask length) = 16.6°.

The stress in rthe bolts, o, for the 110-1b cask access plug, which

is secured by eigat 1/2-13NC sizinless steel cap screws, is

wa_ _ (110)(59.5)g
gNA, 8(8)(0.14)

F
o=x 5850 psi ,

where
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Fig. 1.15. Corner impact — dynamic yield stress = 6000 psi.
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force (1b),
weight of the plug (1b),

acceleration (g's),

gravitational constant,
= pumber of bolts,
Aﬁ = stress area?? of ome bolt (in.2).

= 0 » £ m
"

If the cask impacted on the sliding-gzate end, the inmer plug of the cask

access plug wculd place in tension the modified bolt which secures it.

This bolt is a standard 3/4-10NC bolt which has been modified to receive

a tool handle. The cross section of the bolt is reduced in the thread .

area by a 7/16-in.-diam axial hole. The resulting cross section, A, is
xd?

A=A - =0.33 - 7(0.438)2 = 0.18 ,

where

A_ = stress area of the ummodified bolt (in.2) (see ref. 20),
d = diameter of the drilled hole (im.).

The resulting tensile stress, o, is

1 ]
g = force _ a"g (59.5) (40)g

area g.  g(0.184)

[

= 12,940 psi ,

vhere

Hp' = weight of the inner plug (1b), and the other notation is
as above.

The lower cover is also secured by eight 3/8-16NC stainless steel cap
screws and weighs 30 1b., As above,

N _ 30(59.5)g

" @A, " 5(8)(0.078)

o = 2900 psi .

Since these stresses are less than the yield, the plugs will remain in
place,



1.4.6.2 Impact on end. If the cask impacted on its end with the

axis of the cask verticél, the kinetic energy would be dissipated by
deforming the lead shielding, stretching the outer shell, and deforming
the plug. This would be true for an impact on either end. A program,
CEIR,21 applicable to the end impact of a steel-clad, lead-shielded

cask was used to calculate the response of the cask. The measured

and observed response of casks dropped from 30 ft have been compared1?
with the response calculated using CEIR. The calculated response (from
CEIR) of the cask is shown in Fig. 1.17. The calculated deformation of
the shielding was 0.308, and the maximum acceleration was 7.5g's. This
acceleration would not damage the contents, and the loss of shielding
would not result in radiation levels in excass of those allowed by the
regulations. The plug(s) would be jammed and would require considerable
effort to remove. Some repair of the cask would be required in the plug

(closure) areas.

1.4.6.3 Impact on top. If the éaskrimpacted on its top, that is,

with the axis of the cask horizontal, the cask lifting bar would contact
the impact surface first. The bar would either behave like a heat transfer
fin and buckle in an S-curve or fail in compression. Davis?2 tested
heat transfer fins. He reported the peak failure load for fins impacted
normal to the fin axis as a function of the ratio of fin height to fin
thickness (L/t). Figure 1.18 is a reproduction of Davis's Fig. 5.10.
The curve has been extrapolated as indicated to the (L/t) value of 6,
which is the geometry applicable to the lifting bar. Tne extrapolated
curve indicates the peak failure of dynamic buckling load would be
150,000 psi, and a strain of 0.22 in./in. (see Fig. 1.16) is reached.
Prior to and during this failure, the bar would apply load to the shell,
and the shell would load and locally deform the shielding.

The body would deform similarly to the side impact of an unprotected
clad, lead-shielded cask. In the case at hand, the end effects would be
less significant than those of end plates in a cask. An unpublished
ORNL program based on plastic deformation theory has been written and

used to predict the response of casks in a side impact. The program
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assumes ideally plastic materisls for the shielding and end plates and
neglects the energy dissipated in bending the shell. This program, 1005
CASK (see Appendix C for derivation of equations and program listing),
vas used to estimate the energy absorbed in the lead. It was wmodified
to neglect the end plates. The lower limit of 6000 psi and the upper
limit of 14,000 psi dynamic yield stress were again used.

A second existing program, 1014 CASK (see Appendix C for derivations
and program listing), wes used to calculate the energy absorbed in the
bar and the contribution of the bar to the cask response. This program
is based on experimentally determined dynamic material properties pre—
viously stated in the report. The program is applicable to energy
absorbers which fail in compression. The bar complies with this require-
ment if the strain does not exceed 0.22 in./in., that is, deformation
does not exceed 1.32 in.

These programs can be used to determine the response if the cask is
assumed to accelerate as a unit. Figures 1.19 and 1.20 are the calculated
acceleration-energy responses of the cask body for the lower and upper
limits of dynamic yield stress. Figure 1.21 is the corresponding curve
for the lift bar. It can be determined by trail and error when the
cask's kinetic energy has been absorbed in the lift bar and the body.
For the case where the dynamic yleld stress is taken as 6000 psi, the
acceleration reaches a peak of 99g's. From Fig. 1.19 it can be seen
that about 5.05 x 10° in.<lb of energy is absorbed in the cask body and
from Fig. 1.21 that about 0.72 % 105 in.-1b 1s absorbed in the lift bar.
The calculated shielding deformation is 0,475 in. (see Fig. 1.22), and
the calculated l1ift bar deformation is 0.06 in. (see Fig. 1.23). For
the case where the dynsmic yield stress in the cask body is 14,000 psi,
the acceleration reacnes a peak of 167g's. It can be seen that 3.72 X
10% in.+1b is absorbed in the cask body and that 2 x 10° in.-1b is
absorbed in the 1ift bar (see Figs. 1.20 and 1.21). From Fig. 1.23, the
deformation in the 1ift bar is 0.011 in.

Accelerations of this magnitude will not adversely affect the
containment vessels. The contents have structural rigidity or support
to withstand the accelerations without significant deformation. The
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maximum reduction ir shielding would not result in radiation doses in
excess of those allowed by the regulations. The bolts securing the
&£11iding gate would be loaded in temsion, and the rear plug wculd be
loaded in shear by the gate. By comparison with Sect. 1.5.1.3, the gate
will remain in place. ‘

1.4.6.4 Impact on side. If the cask impacted on its side with its
axis horizontal, oriénted radially such that the point of impact is
between the lifting bar and the tie-¢- 1 bar, the four shell stiffener
rings would contact the impact surface - : absorb energy vwhile plasti-
cally deforming. These rings have a height-to-thickness ratio of 3.33.
The data by Davis,2?? previously discussed in Sect. 1.4.6.3, indicates
- that the deformation of these rings will be primarily compression and
that buckling will not take place until a very large compressive stress

is reacned. From Fig. 1.18, this stress is estimated to be in excess of
200,000 psi.

An ORNL computer program, 1016 CASK, has been written to calculate
the response of a cask equipped with stiffening ring energy absorbers.
A program listing and the derivation of eyuations are presented in
Appendix C. The program is based on the experimentally determined
dynamic compressive material properties discussed in Sect. 1.1. Figure
1.24 is the calculated deformation response of the cask. It can be seen
that the rings would deform about 0.47 in., and the acceleration would
reach 147g's. These are less than were calculated in Sect. 1.4.6.3. It
is concluded that the cask can withstand this iapact.

1.4.7 Penetration

The regulations for normal conditions of transport also stipulate
that the package be capable of withstanding the impact of the flat end
of a vertical steel cylinder which weighs 13 1b, has a diameter of
1-1/4 i{n., and 1s dropped from a height of 4 ft, normally onto the
exposed surface of the package that is expected to ba the most vulner-
able to puncture. This test would not reduce the effectiveness of the
container and would result in no more than a very superficial dent in
the steel surface of he container.
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1.4.8 Compression

It is required that packages veiéhins less than 10,000 1b be capable
of withstanding a compression load of five rimes the container weight or
2 1b/in.2 distributed uniforaly across the top and bottom, whichever is
greater. The container weighs 16,000 1b; hence it is exempt from the

compression recuirement.

1.5 Compliance with Standards for Hypothetical Accident Conditions

The standards for the hypothetical accident conditions stipulafe
that a package used for the shipment of fissile.or large quantities of
radioactive materials shall be so designed and comstructed and its con-
tents so limited that {f it is subjected to the specified free drop,

'punctute,Athernal, and water immersion conditions, the reduction in
shielding would not :: sufficient to increase the external radiation
dose to more than 1000 millirems/hr at a distance of 3 ft from the out-
side surface of the package. No radioactive material would be released
from the package except for zases containing total radioactivity not to
exceed 0.1Z7 of the total rzdioactivity of the contents of the package, "
and the contents would remain subcritical.

The effects of the rhermal expoiure are evaluated in Sects. 1.8 ana
2, The cask is constructed of low-carbon steel, stainless steel, and
lead, which would not be affected by water immersion. The effect of

water immersion on criticality is considered in Sect. 5.

1.5.1' Free drop

The Iirst in the sequence of hypothetical accident conditions to
which the-package must be subjected 18 a free drop through a distance of
30 ft onto a flat, eesentially unyielding, horizontal surface, striking
that surface in a position for which the maximum damage is expected to
occur.

Demonstration of compliance with this requirement by analytical
methods is difficult, because e;perinentaliy verified analytical tech-~
niques do not exist, and all Eho necessary material properties data are
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not available. Drop tests have not been performed on the cask configura-
tion under consideration. The following analyses are presented to con-
servatively characterize cask response and so demonstrate compliance with
the regulations. It is concluded that the cask is adequate to sustain
the hypothetical conditions.

It cannot be determined by inspection which orientation results in
maximum damage. Therefore, as in Sect. 1.4.6, impact orientations of
(1) on the cormer, (2) on the end, with the axis of the cask vertical,
(3) on the top of the cask, directly on the lifting ba- with the axis
of the cask horizontal, and (4) with the axis of the cask horizontal,
impacting between the lifting bar and the tie-down lugs, are considered.

1.5.1.1 Cormer impact. The program 1001 CASK was used to evaluate
the corner impact as discussed in Sect. 1.4.6.1. The calculated
acceleration-deformation histories of the impact are shown in Fig. 1.25
for the lower limit for a dynamic yield stress of 6000 psi and in Fig.
1.26 for the upper limit for a dynamic yield stress of 14,000 psi. The
deformation is maximum at the lower value for dynamic yield stress. The
calculated maximum deformation is 5.3 in. (see Fig. 1.25). From Fig.
1.27 it can be seen that for maximum deformation the shielding in the
corner is ejyuivalent to the shielding in the cask walls. It is con-
cluded that a corner drop will not result in rgdiation dose rates in
excess of those allowed by the regulations.

This impact places the bolts securing the plugs and gate in tension.
The vectorial fraction of the acceleration which loads the bolts is

A=A cos 6 ,
max

where

Ahax = peak acceleration for the upper limit of dynamic yield stress
(see Fig. 1.26),
0 = angle between the cask and the impact surface = 16.6°,

= ° = \
Amax 230(cos 16.6°) = 220g's .
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The cask access plug, which weighs 110 1b, is secured by eight 1/2-13NC
stainless steel cap screws. These screws must withstand the inertia
forces applied by the plug and the contents. The temsile stress, o, in
these screws is

o force _ a("p) - (220) (210)
area  gha 8(0.142)

g = 40,700 psi ,
wvhere
= weight of the cask plug and contents (1b),

= pumber of cap screvs,

!'Uz

gravitational constant,

A_ = gtress area of ome cap screw (in.2) (see ref. 20).

For an impact on the sliding gate, the modified bolt would again be
1~aded as described in Sect. 1.4.6.1. The resulting stress, g, would be

. force _ Aiax(“'p) - 220(40) g
O = Grea gA g(0.184)

= 48,900 psi .
s
The notation and area are the same as in Sect. 1.4.6.1.

The stress is less than the ultimate stress for stainless steel
bolts;12 hence it is concluded that the plug will remain in place. The
lower cover, which weighs 30 1b, is also secured by eight 3/8-10NC cap

screws. Using the equation above, the stress is

. 220(130)

9 = 8(0.0775)

= 46,100 pst ,

which is less than the ultimate strength for stainless steel bolts.!2?
The welds joining the shells to the flat heads may fail (fracture)

and allow a path for shielding loss if the impact is followed by a fire.

The effect of shielding loss is discussed in Sect. 4.

1.5.1.2 End impact. The calculatory techniques and the computer
program CEIR,?! discussed in Sect. 1,4.6.2, will be used to evaluate the
effects of the accident end drop. Figure 1.28 is a machine plot of the;;:;k

-
~

calculated shielding deformation with respect to acceleration of the
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cask. When the cask's total kinetic energy of 5.76 x 10° in.-1b is
absorbed, the acceleration will be 80g's. It can be seen that the
shielding will deform 1.94 in. This reduction in shielding is illus-
trated in Fig. 1.29.

" Tests reported by Shappert and Evans!? demonstrate that the shield-
ing will deform as illustrated. These same tests indicate the adequacy
of the program CEIR for predicti.g lead deformation.

1.5.1.3 Impact on top. The analytical techniques and discussion
in Sect. 1.4.6.3 for the 3-ft drop when the cask impacted on the lift
bar are valid for the 30-ft free fall if the compressive stress in the

1lift bar does not reach the critical buckling stress. Figure 1.30,
1.31, and 1.32 are plots of absorbed energy with respect to accelerationm
for the 1ift bar and the cask body at the lower and upper limits of
dynamic yield stress. By superposition, it was found that for the lower
limit of dynamic yield stress the peak acceleration would be 212g's.
For the upper limit of dynamic yield stress, the cask acceleratiom will
reach 362g's. The deformation in the lift bar will be maximized when
the upper limit of dynamic yield stress is used in the calculations.
This deformation, § (see Fig. 1.33), is 0.415 in. The bar has a height,
h,lof 6 in., and the strain € = §/h = 0.415/6 = 0.069 in./in. The strain
does not reach the critical buckling strain of 0.22 in./in.; hence the
bar will fail in compressiomn, and the program 1014 CASK is applicable.
The deformation in the cask body will be a maximum when the yield stress
is at the lower 1limit of 6000 psi.

From Fig. 1.34 the deformation is 2.34 in. The shielding redis-
tribution is illustrated in Fig. 1.35. The effect of the shielding loss
is discussed in Sect. 4.

1.5.1.4 Impact on side. The computer program discussed in Sect.

1.4.6,4 will be used to evaluate the effects of the accidental side
impact. Figure 1.3€ is the calculated deformation-acceleration response
curve of the cask. It can be seen that the calculated deformation would
be about 1.6 in. and the acceleration approrimately 500g's. This 1s
less deformation than calculated in Sect. 1.5.1.2 and only slightly more
acceleration; it is concluded that the cask can withstand this drop.
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1.5.2 Puncture

fbe sécond in the sequence of hypotheticai accident conditions to
which the cask iust be subjected is a free drop through a distance of
40 in. to strike in a position to which maximum damage is expected, the
top end of a vertical cylindrical mild-steel bar mounted on an essen-
tially 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 not more than 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. Thevlong axis of this bar shall be normal to the surface of the
cask upon 1-pacf. )

It is concluded that the shell will not puncture if the cask
impacted as described above. If the cask contacted the bar in the
vicinity of one of the closures, secondary containment would be lost.
There would be a small local reduction in shielding.

Data published by Nelms?3 indicate a mild-steel clad, lead-~shielded
cask weighing 16,000 1b would require a shell thickness of 0.53 in. to
resist puncture. The cask outer shell consists of a 1/2-in.-thick
"steel” shell over a 1/4~-in.-thick "mild-steel” shell (see Fig. 0.1).
From this, it is concluded that the bar will not result in failure of
the cladding. Figure 23 from the Nelms report2? is reproduced as Fig.
1.37, with the solution for the cask's weight added.

1.6 Special Form

The ORNL Uperations Division certifiee that a material conforms to
the special form requirements of Appendix D of 10 CFR Part 71.1 The
tests prescribed have been performed on a numter of capsule designs.
When a3 design is similar in size, mass, wall thicknesses, materials,
weld design, etc., to a capsule previously tested, the design is certi-
fied as special form based on previous test results. If this similarity
does not exist, it is required that a prototype be tested as prescribed.
A typlcal example of special form capsules is illustrated in Fig. 1,38.

The cross section may be circular or rectangular.
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1.7 Inner Container Design

Typical inner 2R containers used at ORNL are shown in Figs. 1.39,
1.40, 1.41, and 1.42. Materials and bolting are limited to austenetic
stainless steels purchased in accordance with ASME or ASTM specificationms.
Design temperature is taken as 500°F, which is the maximum calculated
temperature for the inner container under normal conditions (see Sect.

2). Assuming assembly at 70“F and 14.7 psia air pressure, a tempera-
ture of 500°F will produce a pressure of

P, = PyT,/T; = [(14.7)(500 + 460)]/(70 + 460) = 26.6 psia

in the container. Assuming the least external pressure experienced to
be 0.5 atmospheric pressure (see Sect. 1.4.3), the greatest gauge
pressure experienced is 26.6 ~ 7.35 = 19.28 psig. Hence, design pressure
is established conservatively as 20 psig. Design stress is 10,300 psi,
which is the minimum listed in the tables for 500°F.2%"

For use with this cask, the containers wil!l have the minimum head
and wall thicknesses given in Table 1.2. These dimensions are based on
the requirements of Specification 2R* and of Sect. VIIT of the ASME
Boiler and Pressure Vessel Code,?" whichever is greater. The applicable
equations for sizing shells and heads are, for the shell, Eq. (1),
paragraph UG 27, which is

t = PR/(SE - 0.6P) ,

Table 1.2, Dimension schedule for Specification 2R containers

Bolts
d ts tf th ta No. Size
2 3/32 3/16 3/16 3/8 4 1/’ - 20
3 1/8 1/4 1/4 3/8 6 1/4 - 20
4 1/8 1/4 1/4 3/8 8 1/4 - 20
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Fig. 1.40. Typical 2R container.
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and for the top and bottom heads, Eq. (1), paragraph UG 34, which is
t = d(cp/s)1/2 |

Reinforcement (increased thickness) is required when the container is

équipped with a leak check tap (Fig. 1.40) in the head. From paragraph
UG 39, “

A= 0,54t ,

dh =d+ 0.375 (see Fig. 1.39).
The stress in the bolts due to the pressure in the container is

o = (pA)/(nA ) = (pnd?)/(4nA) ,

where
= internal gauge pressure (psi),
n = number of bolts,
= area of container 1id exposed to intermal pressure (1n.2),
As = gtress area of bolts (in.?2),
d = diameter of container 1id (im.).

The greatest stress on the 1/4-20 bolts (see Table 1.2) will occur for
the greatest value of d2/n which corresponds tod = 4 in., n = 8 bolts.

This stress is
o = [(20)m(4)2]/[(4)(8)(0.0317)] = 933 psi .

The bolting is increased beyond that required for pressure to ensure
leak-tightness in the accident. Some dimensions are increased beyond
the calculated values or that required by Specification 2R to facilitate
fabrication., Silicone rubber, Teflon, or metallic gaskets made from
metals having a melting point in excess of 800°F are used in 2R con-

tainers shipped in this cask,
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Fabrication is in accordance with ORNL Quality Assurance Procedures.
Applicable approved ORNL welding procedures are used for welding. All
welds are appropriately inspected in accordance with approved ORNL weld

inspection procedures.

1.8 Thermal and Thermal Expansion Stresses

The cask is subjected to internal and external sources of heat.
The thermal stresses and the stresses which result from differential

expansion of dissimilar materials are evaluated and discussed below.

1.8.1 Normal conditions

During normal transport the cask is subjected to solar heat loads
and the decay heat from the contents. In Sect. 2 the temperature dis-
tribution from six distinct cases with respect to heat load and environ-
ment are reported. Study of these distributions reveals that the most
damaging gradients result from the case with the cask loaded with 1000 W
(the maximum permissible heat load) and subjected to 130°F ambient with
solar heat load. There are no temperature differences large enough to
result in damaging thermal stresses.

The cask is constructed of materials which have coefficients of
thermal expansion which differ considerably. The lead shielding has a
coefficient of 16.3 x 10~® in,./in.-°F as compared with 6.5 x 10~®
in./in.*°F for steel and 9.2 x 10~® in./in.°F for stainless steel (see
Sect. 1.1). As the cask's temperature increases, the lead expands more
than the steel outer shell or stainless steel cavity shell, The outer
shell is placed in longitudinal and radial tension. The inner cavity is
placed in longitudinal tension, and the lead is loaded in both radial
and longitudinal compression.

The program FEATS,2% a finite-element program, was utilized to
evaluate the thermal expansion stresses. The simplified model shown in
Fig. 1.43 was assured for this calculation. It was also assumed that
the shielding cavity was completely full of lead and that there were o
thermal expansion stresses in the cask when the entire cask was at a

temperature of 70°F, The temperature distribution from Table 2.2 for
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a decay heat load of 1000 W anéd sclsr teatr loac &t 130°F zm-ience was
input to FEATS. Stresses at the pointe of interest icemtified on Fig.

1.43 are presonted in Table 1.3.

Table 1.3. Point stresses from FEATS thermal stress analysis for
normal conditiorns of tramsport

RZ
Mohr's circle
FEATS Max. Min. Principal
Point element stress stress stress angle Hoop
no. no. (psi) (psi) (deg) stress
1 112 195 -2,140 74.0 -3,000
2 242 1,800 -10 -2,2 2,300
3 542 1,500 -26 0 2,600
4 523 -96 -6,750 90.0 -3,200
5 223 =540 -5,000 86.0 3,200
6 99 -60 -3,700 -88.0 8,500
7 16 2,300 749 6.8 5,500
8 23 600 -880 44,0 2,200
9 68 11,900 2,700 17.0 3,700
10 15 -61 -13,700 89.0 -12,200
11 57 1,350 ~5,600 56.5 -21,400

The above stresses are below the endurance limits for the materials
of construction, and it is concluded that there will be no failure or
loss of effectiveness due to thermal expansion stresses. If higher
expansion stresses than those computed did exist for a nonhomogeneous
or concentrated heat source, they would not be of serious consequence,
since expansion stresses beyond yield are self-limiting and would not

result in any failure.

1.8.2 Accident conditions

During the thermal (fire) portion of the specified accident

sequence, the cask temperatures increase as illustrated in Figs. 2.2 and



2.3. There sre no thernal gradients (temperature differences) large
enouzh to result in significeant thermal stresses. -

During the fire, a portion of the lead will melt. The maximm
quantity of melted lead, fllustrated in Fig. 2.3, occrs & few minutes
after the fire is extinguishei. It is not known whether the shell will
be ruptured as a result of the free-fall accidents. If the shell did

v . not rupture, the cladding would be required to expand to accommcdate the
7T increase in lesd volume due to melting and thermal expsasion. If the
) shell did rapture, lower stresses would resalt. The calculstions below
demoastrate that the cask shell can expend and accommodate the increased
volume without catastrophic failure. The sssumptions msde for normsl
.. transport are also made here. The temperscures, dimensions, etc., used
in the calculations are presented in Teble i.4. Dimension symbols are
illuntrated in Fig. 1.44. Temperatures zre taken from Fig. 2.2 and
- therual coefficients of expansion from Table 1.1.

: .

Table 1.4. Accident thermal expansién parameters

Cold Final Final
Dimension dimension temperature AT a dimension
symbol (1n.) (°F) (°")  (in./in.*°F)  (in.)
r, 11.75 980 - 9.0  6.5x 106  11.82
L P 2.25 470 . 400 9.2 x 1076 2.39
r, . 3.50 520 450 9.2 x 1076 3.51
| r 10,24
f ‘ ry 9.74
, ' rs 10.07 )
| N 36.88 470 400 9.2 x 1076 37.02
| 2z 5.12 520 450 9.2 x 1076 4.9
L3 41.0 980 910 6.5 x 1076 41.24

‘]' 1.88 -
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Fig. 1.44. Model for accident condition tharmal expansion calculations.



The initial lead and shell volume¢ (dimensions are cold dimensions,
Table 1.4) ie

v, = t[!.l(_rg - ri) + !?(rg - rlz’)]‘

.

= x{36.88[(11-75)2 ~ (2.38)2] + 4.88[(11.75)2 - (3.5)2]}

- = 17,270 in.3 .
‘The fﬁml".shell volume (dimensions are final dimensions, Table 1.4) is
vf - t[ll(rg - ti) + !.2(1'2 - rlz’)]
= 1:{(37.02[(11.82)2 - (2.39)2] + 4.90[(11.82)2 - (3.51)21}

= 17,500 in.3 .

The volume of melted lead (see Fig. 2.3, dimensions are cold dimensioms,
Table 1.4) is

r3 (rl - 22) !u]

- 2 _ 2 .
v- 1[13(1'0 r1)+ 2

= x(41,0{(11.75)2 - (10.24)2] + {10:-01 (1023 = 9.74(1.88),
= 4290 1n.3 .

The final lead volume is V2 = V, + V,a, + V. a , where a, and a_ are

volumetric expansion coefficients for lead (see Fig. 1.2):
v, = 17,270(1 + 0.0305) + 4290(0.0325) = 17,940 in.3 .
The incredse in volume which the shell must accommodate is

AV =V, -V, =17,940 - 17,550 = 390 in.3 .
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The cask shell is a compicx structure, braced in botih the radial and
longitudinal directions. It is further complicated by being of lami-
nated construction, It is felt most of the shell expansion will be in
the form of circumferential strain. It is conservative to assume that
all the strain is in the circumferential direction for the purpose of
showing that the shell can expand to accommodate the increase in volume.

The equation for this increase is
= !2 - 2
AV 131{[ro(1 + €)? ro} .

Solving for €, the circumferential strain is

AV

2 -
€< + 2¢ E;;—7'= 0.

By the quadratic formula,

<2+ [()2 + (9)(1) (8/27x2)]1/2
2

£ =

- 2 21172
-2+ ]2 +_4_£3?0%/41.241r(11.82) 1'% _ ¢.011 in./in.

This strain is small when compared with the ultimate strain (elongaticn)
ot steel (see Table 1.1), and it is concluded that the shell will not

rupture.

1.9 Accident Pressure Stresses

The maximum calculated cask cavity pressure during the accident is
15 psig (see Sect. 2.4.4). The tensile stress, g, in the plug bolts
from this is

cz_li’Pwrz
AT NA °
where

F = force,

AT = total bolt area (in.2),
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pressure (psi),

= plug radias (in.),

number of bolts, ’

= gtress area of ome bolt (from ra2f. 20) (in.2).

> Z2 n v
L]

For the lower cover, secured by eight 1/2-13NC bolts, the stress is

_ 15m(6.75)2
8(0.141)

= 1900 psi .
‘76} the lower cover, secured by eight 3/8-16 NC bolts, the stress is

L 15(n) (4.25)2
8(0.0775)

= 1370 psi .

At these stresses, the bolts would continue to secure the plugs to the

cask and maintain shielding.

2. THERMAL EVALUATION

The package must remain effective after exposure to severe thermal
eﬁvironnents. Applicable norral and accident environments are specified
in the regulationsl’3 and discussed below. Analytical evaluations and
tests have been utilized to demonstrate the ability of the package to

remain effective after exposure to the specified environments,

2.1 Discussion

The package must be able to withstand direct suniight at an ambient
temperature of 130°F in still air without reducing the erffectiveness of
the packaging. The regulations® set forth by DOT further stipulate that
the temperature of any accessible surface of the fully loaded shipping
package shipped by common carrier shall not exceed 122°F, or being
transported on a sole-use vehicle, shall not exceed 180°F when the
package is in the shade in still air at an ambient temperature; for this
evaluation, ambient temperatire was assumed to be 100°F.

The third in the sequence of hypothetical accident conditions
specified by the regulations to which the cask must be subjected is
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exposure for 3C min within a source of radiant heating having a tempera-
ture of 1475°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 arti-
ficially until 3 hr after the 30-min test period has expired unless it
can be shown that the temperature at the center of the package has

begun to fall in less than 3 hr.

A computer program, HEATING-3,17 modified to evaluate phase change
of materials, was used to determine the temperature distribution.
Analyses were made with the cask maximum permissible heat loads of 350 W
for common-carrier transport and 1000 W for exclusive-use vehicle. The
temperature distributfion for a 100°F ambient condition with 100C W
internal Leat load was input as starting temperatures for the accident

(fire) calculation.

2.2 Thermal Properties of Materials

The thermal properties of materials used to compute the temperature

distribution and material phase change are liated in Table 2.1.

2.3 Thermal Evaluation for Normal Conditions of Transport

2.3.1 Thermal model

The model used for the heat transfer computations is shown in
Fig., 2.1. The contents are modeled as a uniform body, nominalily with
physical properties of stainless steel, with the decay heat evenly dis-
tributed throughout. The assumed model results in slightly higher
inner container surface temperatures than actual, since no contact with
the cask cavity was assumed. The area of contact will be small in
practice, and the above assumption is vreasonable. It is recognized
that the calculated contents temperature wiil be lower than the actual
contents temperature. A separate calculation (see Sect. 2.3.6) was
made to determine the centerline temperature for what is consideved a .

more severe loading than actual.



Table 2.1. Material propercies used in thermal nsl'ylu

Thermal . Heat
Temperature conductivity Density cEpacity Latent heat
Material °r) (Btu’'ng-fr-°F) (1b/1n.3) (Bcu/1b-°F) (8tu/1b)
Lead®? 32.0 20.3 0.4109 0.031 11.3 ac 621.7°F
212.0 19.3
392.0 18.2
572.0 17.2
304 ssrd 32.0 8.5 0.2824 0.120
260.0 9.8
440.3 10.6
620.3 11.4
752.0 0.135
800.3 12.2
930.3 13.0
1160.0 13.8
Mild sceel’ 32.0 0.2840 0.105
77.0 41.1
167.0 0.120
392.0 0.135
752.0 0.150
1112.0 0.170
i292.0 0.200
1405.0 0.200
1414.0 0.164%
1423.0 0.168
1472.0 16.92
1742.0 0.160
arcf 32.0 0.0140 4.69 x 10-5 0.240
100.0 0.01564 4.11 x 10-° 0.240
200.0 0.c174 3.47 x 10-5 0.241
300.0 0.0193 3.51 x 175 0.243
400.0 0.0212 2.66 x 105 0.245
500.0 0.0231 2.38 x 10~5 0.247
600.0 0.0250 2.16 x 10~5 0.250
700.0 0.0268 1.97 x 1075 0.253
800.0 0.0286 1.82 x 10°5 0.256
900.0 0.0303 1.68 x 10-5 0.259
1000.0 0.0319 1.57 x 10~5 0.262
1500.0 0.0400 1.17 x 10”5 0.276

“hernal conductivity, density, and specific hest of lead were obtuined from J. P. Holman, Feagt
Transfer, McCrawv-Hill, Mew York, 1972.

le'n latent heat of lasd was obtained from W. M. Rohsenow et al., Fandbook of Jeat Tranafer, WcCraw-
Hill, Nev York, 1973.

°Ihe thermal conductivity values for stafnless stcel were obtained from Y. S. Teuloukisn, Therml
Conductivity, 1970.

e densicy and heat cspecity valves for stainless steel were obtained fzom A Compilation of Thermal
Property Data for Computer Reat-Conduction Calculations, UCKL-50589.
*Mhe properties of mild stesl (SAE 1020 carbon steel) were obtained from A Compilatic. of Therml
Property Data for Computer Beat-Conduotion Caloulations, UCKL~50589.

z. The propeicies of air were obtsined from F. Kreith, Principles of Heat Transfer, Internstionsl
Textbook Company, Scranton, Ps., 1965.
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In calculating the steady-state tewperatures for the 130°F cC.viron-
ment in direct sunlight, it was assumed that a solar heat flux of 144
Btu/hr*ft? wvas incident upon the entire outer surface of the cask and
that the fraction of the incident solar flux absorbed by the cask is .

" equal to the absorptivity (0.6} of the outer surface of the cask. The

value of 144 Btu/hr-ft? was obtained by numerical integration of Fig. 5.3
from the Cask Designer’s Guide by Shappert.? A second steady-state
analysis was made assuming the ambient temperature was 100°F and the
solar heat load was reduced to zero.

2.3.2 Maximum tcmperatures

Temperatures at points of interest throughout the cask are given in
Table 2,2. Dats are presented for the normal conditions of transport.

The maximum accessible surface temperature for the 100°F ambient
texnerature case demonstrates that the package complies with DOT regula-
tions. The maximum surface temperature vith a heat load of 1000 W, the
lirit for a sole-use vehicle, is 150°F as covared with the allowable of
185°F. The maximum surface temperature for a 350-W heat load is 122°F,
which is the allowable limit for common-carrier transport.

2.3.3 Minisam temperatures

Reduced or zero heat loads would lower temperatures throughout the
container. This would not be expected %o affect the integrity of the
cask (see Sect. 1.4.2).

2.3.4 Maximum inter.al pressure

There will be an increase in pressure in the central cavity, in the
contents, and in the gap region above the contents caused by an increase
in temperature in the regions. I1f ideal-gas behavior and constant gas
volume is assumed, and if the gas regione were assumed initially to be
at 70°F (530°R) and 14.7 psia when the cask was seaied, the resulting
pressure, P,, is

P, = (14.7)T;/530 ,
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vhere T; is the elevated gas temperature. See Fig. 2.1 for region
locations, identifi. 1 by a number within a circle.

Air pressure in the upper cavity of the plug (regions 31 and 32)
is

= 14. 7(228 = 19.11 psia = 4.4 psig .

Air pressure between the outer shells (regions 5 and 25) is
P, = 14.7(% = 18.94 psia = 4.2 psig .

Air prescure in the main shielding cavity (regions 35 and 36) is

690"

2‘147 3

= 19.2 psia = (.5 psig .
Air pressure in the cask cavity (regiops 11, 12, and 21) is

= 14. 7(530 = 19.4 psia = 4.7 psig .
Air pressure in the lower cavity of the plug (regions 33 and 34) 1is

700
= 14, 7(530 19.4 psia = 4.7 psig .

Air pressure in the 2R container (region 19) is

945

= 14, 7 3

= 26.21 psia = 11.5 psig ..

All of the above pressures result from temperatures in the 130°F ambience
direct sunlight, with a decay heat load of 1000 W.

2,3.5 Minimum internal preasure

There will be a decrease in pressure in the central zavity, in the
contents, and in the gap region above the contents caused by a decrease

in temperature in the regions. If ideal-gas behavior and constant zas
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volume is assumed, and if the gas regions were assumed initially to be
at 70°F (530°R) and 14.7 psia when the cask was sealed, the resulting

pressure, P,, is
P, = (14.7)T,/530 ,

wnere T, is the gas temperature.

Air pressure in the upper cavity of the plug (regions 31 and 32) is

445

P, = 14, 36

= 12.3 psia .
Air pressure between the outer shells (regions 5 and 25) is
440
P = 14.7(;30) = 12.3 psia

Air pressure in the main shielding cavity (regions 35 and 36) is

445
P; = 14.7 30 12.4 psia .

Air pressure in the cask cavity (regions 11, 12, and 21) is

- 450
P, = 14.7 3] = 12.5 psia .

Air pressure in the lower cavity of the plug {reglons 33 and 34) is
450
Py = 14.7(530 = 12.5 psia .

Air pressure in the 2R container (region 19) is

640 ‘
P, = 14, 530 17.75 psia .

All of the above pressures reaultiftom temperatures in the -40°F ambience,
with a decay heat load of 350 W.
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¢.3.6 Maximum contents temperature : .

Tke simplifying assumption that the contents of the cask consist of
a homo~eneous solid as obpoaed to an array of cylindrical rods reczults
in a lower calculated centerline temperature for the contents.

Cox26 Presents a correlation for calculating a corrected centerline

temperature for an array of cylindrical rods:

0.25

u
QK + Ty

Ty = (%1 ’

where
Ty is the cer*erline temperature (°R),
Qy/A; is the heat flux from one rod (Btu/hreft?),
¢ is the Stefan-Boltzmen constant (0.1714 x 10~8 Btu/hr-ft<.°F*),
T, is the mean temperature of the 2R container (°R),

K is a dimensionless constant from Fig. 19 of Cox's report.
Based on an array of 37 1/4-in. rods,

Ay = wDL = n(0.25) (54.375)/144 ,

>
i
[]

0.2966 ft2 ,

_ 1000 W_  3.413 Btu/hr

Q= 35, 5ds % v = 92,24 Btu/hre-vod ,
T, = 446°F = 906°R ,
K= 11,
1 ,( 92.24(11) . 906.,)1/1,
(0.1714 x 10-8)(0.2966) ;

1280°R = 820°F .

This is below the maximum allowable cladding temperature, and the fuel
will not mel:,
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2.4 Hypothetical Thermal Accident Evaluation

The damage from the free drop and puncture portions of the hypo-
thetical accident is not expected to adversely affect the thermal

performance of the container.

2.4.1 Thermal accident analysis

The effects of the hypothetical thermal accident were analyzed
using the same geometric model in a HEATING-3 (ref. 17) computer calcu-
lation that was used for the normal condizions analysis. The boundary
condition parameters were adjusted to include the 1475°F radiant environ-
ment for the 30-min thermal exposure. The surface convection parameters
were adjusted during the postexposure time period to account for the
elevated surface tewperature. The 1nsu1;ting effect of the intumescent
paint was neglected in the thermal accident. This was done because the
Insulating effect is variable with the time of exposure, and the conduc-
tivity as a function of time is unknown. Note that the corners, which
are more vulnerable to lead melting, are protected by three layers of
paint. It is concluded that the model represents a conservative case,
and the actual temperatures would be lower than calculated and less lead
than calculated would melt. The damage resulting from the free fall
would not significantly affect the heat transfer. Therefore, the
undamaged model will be assumed. The fire shield would be deformed but

would remain effective as a radiation shield.

2.4.2 Thermal model

The computer model described in Sect. 2.4.1 was used to determine
the temperature distribution within the container during the 30-min
thermal exposure and postexposure cooldowm period. The air gaps between
the outer shell and the lead were eliminated and contact was assumed.
The steady-state temperature distribution resulting from 100°F ambience
and a decay heat load of 1000 W was used to start the calculation. The
postexposure period was considered over a time spar sufficient to allow

all cask temperatur2s to begin dec.eusing with time. No special cooling
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was assemed, only normal radiation and natural convection transfer to the

100°F enviromeent.

2.4.3 Maximum temperatures

The temperature-time history 8f several points of interest is given
in Pig, 2.2 (see Table 2.2 and Fig. 2.3 for explanation of these point
locations).

2.4.4 Maximum pressures

The cavity pressure increase caﬁnot be precisely calculated, since
the seal has been predicted to fail. Since such a seal could fail over
some significantly broad range of temperatures, the maximum temperature
at failure is assumed to be the maxisum cavity temperature, and the

pressure increase is calculated as in Sect. 2.3.4:

o o 12 (14.7)(1070)
171 530

= 29,7 psia = 15.0 psig .

The »ressure in the inner container is

172 (14.7) (2060)

P2 = 530

= 29.4 psia ~ 14.7 psig .

2.4.5 Damage assessment

The calculated temperature will not result in loss of primary con-
taimment (see Sect. 3). The secondary seals will fail as a result of
high temperatures and release secondary coolant (air), which is not con-
taninated. A portion of the lead shielding will melt as illustrated in
Fig. 2.3. The consequences of the potential shielding loss is discussed
in Sect. 4. The deflection of the shell resulting from expansion of the
lead is diecussed in Sect. 1.8,

It 18 concluded that the fire will not result in loss of contaimment,
in radiation levels in excess of those allowed by the regulations, or in
catastrophic failure of the cask shell.
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3. CONTAINMENT

It is 1'equ:l.1-edl‘3 that packages ma‘ntain containmment of the radio-
active contents during normal and specified accident coaditions. The

containment boundaries and capabilities of the package are outlined below.

3.1 Containment Boundaries

Containment boundaries for the shipping options available with this
package are describel below.

3.1.1 Primary containment

The cladding of fuel elements or tho experiment shells that servea
as containment boundaries in the reactor during irradiation serve as
primary cortainment for shipment; however, if it is known or suspected
that this containment boundary may be brecached, the item is enclosed in
a Specificatiou 2R container.

All other materials shipped which do not conform to "special fora”
are contained in a Specification 2R container or equivalent (see Sect.
1.7), which forms crimary containment. Typical examples of ORNL 2R
containers are illustrated in Figs. 1.38, 1.29, 1,40, and 1.41. These
containers are designed to be "leak-tight” to the extent that water will
aot leak rrom the container at the anticipated pressure and temperature.
The container shown in Fig. 1.39(d) is designed for leak checking and
will be leak-tight to th2 extent that leaks are not detectable by time-
pressure-drop technigues. All powders and other dispersibles will be
shipped in 2R containers wiaich are leak checked. Solids such as metal
specimens, etc., may be sﬁipped in containers which are not designed for
leak checking.

For "special form" shipments, the wel.ed encapsulation forms primary
containment. See Fig. 1.37 for an examp e of “special form" encapsula-
tiors and Sect. 1.6 for a description of URNL special form certification.
If the material is doubly encapsulated, the outer welded capsule forms
secondar’ containment. These iines of containment are routinely leak-
checked using a miss spectrometer or leak-detection techniques with an

elevated-temperature-solution jxmersion bubble. Occasionally, irradiated
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metal specimens which conform to the requirements for "special form" are
shipped in the cask. These specimens do not have total transferable
surface contamination in excess of allowable release limits, hence do not
Tequire a primary containment vessel.

3.1.2 Secondary containment

The cask inner cavity and gasketed plugs form secondary containment
for all shipments. Secondary containment is pressure tested in accordance
wvith the procedures in Appendix F.

3.2 Requirements for Normal Conditions of Transport

The 2R containers are designed {see Sect. 1.7) for pressures and
temperatures in excess of thosa encouutered in normal transport; hence
there will be no release of radioactive material and no loss or contami-
nation of coolant. The test sequence for "special form" is more severe
than the normal conditions of tranmsport; hence there will be no. release
of radioactive material from the containment vessel(s). The pressure
rises encountered will be less than those experienced in the special form
thermal test. There will be essentiaily no contamination of primary
coolant (air) and no loss of coolant. Normal conditions of tramsport
will not cause loss of secondary containment. The pressure rige in the
cask cavity will not result in a pressure in excess of allowable (see
Sect. 1.4). The temperatures encountered are within the operating limits

for materials forming secondary containment.

3.3 Containment Requirements during the Hypothetical Accident

Containment of the radioactive macerials will be maintained during
and after the specified hypothetical accident.

The test series for "special form" demonstrates that 'special form"
encapeulation will not fail nor leak contents as the result of the free
falls. The tests required by the regulations demonstrate this. The
"gpecial form" thermal test results in temperatures in excess of those
applicable to the contents during the specified thermal exposure (see

L4
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Sect. 2); herce there will be no release during the thermal exposure.
The water immersion test for “special form" is icentical to the hypo-
thetical accident.

Likewise, the design pressure and temperature (see Sect. 1.7) for
the 2R containers are not exceeded during the accident.

The temperature of the primary seal will not reach 600°F (see Fig.
2.2). It will remain above 500°F for a few hours (estimated to be less
than 5 hr by extrapolation of Fig. 2.2). Note that the cask is cooled
according to the regulations after the centerline temperature has begun
to fall.

Data published bty Parker Seal Company18 and reproduced in Fig. 3.1
show that silicone rubber gaskets have a life of 12 hr above 500°F. The
calculated seal temperatures are below the failure temperature of the
specified metal gaskets. It is concluded that primary containment will
not be lost due to the fire. The impact will nct overstress the 2R con-
tainer. Hence there will be no detectable loss of contents from the 2R
container. The tests outlined in Sect. 3.4 were conducted to establish
the ability of 2R containers to maintain containment after impact from
a 30-ft drop.

Secondary contaimment will be lost as a result of the accident. The
free-fall accidents would result in failure of mechanical seals and
possibly rupture of secondary containment welds. Likewise, the fire

would result in thermal decomposition of the closure gaskets.

3.4 Contaimment Testing

On August 21, 1974, two Specification 2R containers as illustrated
in Figs. 3.2 and 3.3 were drop tested at ORNL to estabiish the adequacy
of this type of container as the primary contalnment vessel for radio-
active materials. This type of container i3 extensively used at ORNL in
conjunction with various shielded casks. Normally, the containers are
assembled using forged caps for both end closures, Frequently, one cap
is welded to the pipe nipple to enhance its structural integrity. Both
steel and stainless steel pipe and caps have been ugsed. For this test,

the cast steel (malleable) caps were used at one end due to a temporary
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Fig. 3.2. The 2R test model.
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shortage of forged caps. In all the tests below, the forged cap is
nearest the point of impact. The cask cap is not considered a part of
the test except to facilitate leak testing.

Both containers were air-soap-bubble leak tested at 10 psig prior
to testing. There were no detectable leaks. The first container was
filled with tap water placed in an existing steel casing (see Fig. 3.3)
and dropped from a height of 30 ft onto the ORNL pad, impacting at an
angle of approximately 17.3°. The angle of impact was calculated from
the deformation dimensjons of the casing, which was used to simulate the
protection afforded by the cask. The second container was also fililed
with tap water, then placed in the casing and dropped, as above, on its
end. The containers were drained and soap-bubble tested at 10 psig.
There were no detectable leaks.

Both containers were then refilled with water. The first container
was dropped from a height of 30 ft onto the pad without any outer protec-
tion. It impacted at a very flat, oblique angle. No leakage of water
was observed. There were significant leaks at both threaded joints when
it was air-soap-bubble tested at 10 psig. The second container was
dropped, as above, such that the plane containing the point of impact
and the center of gravity was essentiaily vertical. Again, there was no
visible loss of water. A 10-psig air-zoap-bubble test revealed signifi-
cant leakage around the lower (nearest to the point of impact) threaded
joint.

It is concluded that a 2R container made of threaded stainless or
carbon steel pipe and forged steel or stainless steel caps is adequate
to provide primary containment when inside a cask., 1t is alse concluded
that such a container is not adequate without some external protection.
It is obvious that the accelerations experienced by the test containers
in the 3teel casing were of greater magnitude than would be experienced
in a shipping cask.

Two inner 2R containers similar to those (see Figs. 1.40 and * ‘1)
used with the cask were drop tested by the ORNL Chemical Technol.
Division to establish their containment capability. These tests deuw.n-

strated that the containers were adequate to maintain containment of the
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contents after tte 30-ft free fall. A copy of the original test report
is reproduced in Appendix D.

4. SHIELDING

The tegulationsz-3 specify maximum permissible radiation dose rates
for both normal and accident conditioms. For normal conditions, the dose
rate at the surface of a package may not exceed 200 millirems/hr. Also,
the transport index may not exceed 10, which limits the rate at 3 ft from
the package surface of 10 millirems/hr. It is also required that after
the specified accident ihe dose rate at 3 ft may not exceed 1000
millirems/hr.

4.1 Normal Conditions

Shielding is formed by a minimum of 9.5 in. of lead and 0.75 in. of
steel and stainless steel. After loading, but prior to removal from the
loading area, the cask is surveyed as outlined in the operating procedures
(see Appendix F) for conformance to dose rate requirements. Thus, a

calculation of dose rates for normal conditions is not necessary.

4.2 Accident Conditions

The free-fall accident would locally reduce the shielding ‘as dis-
cussed in Sect. 1.5. The specified thermal accident (Sect. 2.4) could
result in loss of shielding if the shell ruptured and the lead which had
melted were lost. Since rupture of the shell is credible due to the
unknown quality of the welds, it is assumed for the purpose of accident
condition shielding evaluation that all lead which melts is lost. These
shielding reductions are summarized in Figs. 1.27, 1.29, 1.35, and 2.3.
The largest shielding reduction results from the side impact. The calcu-~
lations below demonstrate that the dose rate will not be increased beyond
the 1limit allowed by the regulations. The shielding model, shown in
Fig. 4.1, is assumed for dose rate calculations. The effective lead
shielding thickness, d, following the side impact is 7.16 in.
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It can be conservatively assumed that all of the source photon
energy is converted to heat. If it is further conservatively assumed
.that the source decays by the liberation of one 1-MeV photon per dis-
integration, then the photon source which wili produce 1000 W of heat is
given by

1 MeV/sec 1 photon _
1000 W x 3766706 x 10-T3 X ~ 1 Mev

6.24 x 10!5 photons/sec .

It should be noted that no neutron sources will be transported.

A simple shielding model assuming a line source and slab shields,
shown in Fig. 4.1, allows one to calculate the flux, ¢, at the dose poiht
using the expression?’

S
¢ = 5= [AF(8, b)) + (1 - A)F(O, b)) ,

where

S. = photon source per unit length,

[ I
L]

distance from line source to dose point,
A = coefficient in two-term exponential expression fcr
buildup facior, B, where B = Ae.uut + (1 - A)e_uet, and
a and B are the exponential coefficients, expciimentally
determined,
¥ = linear attenuation coefficient of the shield material,
t = thickness of the shield material,
F(8, b) = a geometrig function given by fee-b sec 6' de',
¢ = angle shown in Fig. 4.1, °
by = uit,
uy = u(l +a),
by = wat,
w2 = u(l + 8).

Buildup in the steel will be neglected since the steel chicknesses are
very small,
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For 1-MeV photons in lead,28

0.776 cu~! ,

=
]

A= 2.45,

Q
[

= -0.045 »

™
"

0.178 .

and the F functions are available in graphical form. 27
The calculation of the dose rate at a point 3 ft from the point of
side impact is shown below:
6.24 x 10!5 shotons/sec

- - 13 )
SL ® 58.25 In. x 2.54 cm/in. - 2+22 x 10°° photons/cm-sec ,

a=2,254+7.16+0.75 + 36.0 = 46.16 in. = 117.25 cm ,

t =7.16 in. = 18,19 cm ,

can-1 38:25/2) _ 40

a ’

up = ull + a) = 0.776(1 - 0.045) = 0.74 ,
b = ult = 0.74(18.19) - 13.48 ,
up = u(l + B) = 0.776(1 + 0.178) = 0.91 ,

b, = ust = 0.91(18.19) = 16.55 ,

F(32°, 13.48) = 4,2 x 1077 ,

n

F(32°, 16.55)

1.6 x 10~8 |
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4.22 x 1013

= -7y _ -8
¢ 2x(117.25) [2.45(4.2 x 1077) 1.45(1.6 x 1079)]

= 5.76 x 10" photons/caZ-sec .
In order to convert this flux to a dose rate, a conversion factor for
1-MeV photons 1827

(2 x 10~3 mR/hr)/ (photons/cmZ+sec) .

A dose rate of gamma radiation of 1 R/hr is approximately equivalent to
a dose rate of 1 rem/hr, since the relative biological effectiveness for

gamma radiation 1s unity. Thus the dose rate at 3 ft, D, is
D= (5.76 x 10*)(2 x 1073) = 115 millirems/hr .

This is much less than the allowed postaccident dose rate of 1000
millirems/hr. Thus the cask is expected to provide adequate radiation
shielding following any of the accidents specified by regulations.

5. CRITICALITY

The regulations require that a Fissile Class 1 package be so designed
and constfucted and its contents so limited -hat any number of such un-
damaged packages would be subcritical in any arrangement, and 250 such
packages would be Subcritiéal in any arrangement 1if each package were
subjected to the sequence of the hypothetical accident conditions, and
immersion in water must be considered.

The cask has been approved by the ORNI. Criticality Committee (NSR
342, Revision 1, and additional information in Appendix E) for a maximum
loading of 1250 g of fissile isotopes (combinations of 235U, 233y, and
plutonium) with the stipulation that, if the mass loading exceeds 800 g
of fissile isotopes, ti:z material will be so arranged that the fissile
loading will not exceed 270 g per linaar foot under normal and accident
conditions. This requirement restricts the contents to a safe mass per
foot for infinitely long wat.r-reflected cylinders and ensures safety
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during loading and unloading underwater. The overall mass limit of
125C g of fissile isotopes and the 4-in. diame“~r render the cask safe
against redistribution of the contents in an accident. Also, as shoumn
in the structural analysis, the ccntents of the cask will remain inside
the cavity in the hypothetical accident conditions, the cask will not
be effectively changed in dimersions, and it can be concluded that any

number of such casks in any arrangement would remain subcritical.

6. QUALITY ASSURANCE

The regulat:l.onSI’2 require packaging to be designed, fabricated,
and operated in compliance with an established formal quality assurance

program. This compliance is discussed below.

6.1 Fabrication, Inspection, and Acceptance Tests

The fabrication work on these casks was performed prior to the
requirements for a formsl quality assurance program. The casks were
fabricated by National Welding and Manufacturing Company of Newton,
Connecticut, based on design by the Equipment Design Group of CANEL, a
division of Pratt and Whitney Aircraft Corporation. The cask will be
modified to improve its structural integrity and to enable it to comply
with the thermal accident requirements of the regulations. The modi-
fications have been designed by the Equipment Design Section (£ the ORNL
General Engineering Division. The modifications will be made in ORNL
Shops in accordance with noimal shop fabrication proccdures. Material
was specified on the original drawings as "HR £7L," any 300-series
stainless steel, and lead. There are no inspection reports or material
certifications in existence except as outlined below. Since fabrication,
the containers have been in continuous use without failure, incident, or
apparent loss of effectiveness.

Upon completion of the modifications, ORNL Inspection Eagineering
will inspect the containers. The medification will be done in accordance
with ORNL quality assurance procedures. The inspection report will be-

come | art of the cask permanent quality assurance file.
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The Specification 2R inner containers are designed as outlined in
Sect. 1.7 and are fabricated in accordance with ORNL or equivalent
quality assurance procedures. Welds are made by qualified welders and
appropriately inspected. Material is purchased in aécordance with ASTM
or ASME specifications. The completed veséels are inspected for con-
formance to fabrication drawings and pressure tested (see Sect. 1.7).
Reusable inner containers are inspected prior to each use.

Special form materisls are fabricated to conform to the requirements
of the regulations. Each encapsulation is lcak checked by appropriate
methods. Fuel element aand experiment cladding is fabricated ir accordance
with established procedures; leak checking of such cladding is routinely

done.

6.2 Operating Procedures and Routine Inspection

Operating and routine inspection procedures and standard ~hecklists
to ensure that all shipments are safe and comply with the regulationsl‘3
have been prepared and are followed by the ORNL Operaticms Division. A
copy of the procedures and the checklists are presented in Appendix F.
When the cask is loaned to others, the checklists are forwarded to that

organization.

6.3 Periodic Maintenance and Ingpection

Annual inspections are performed by Hot Cell Operations and Inspec-
tion Engineering personnel, and an inspection is performed at the time of
each shipment by operating persomnel according :o the procedures in
Appendix F. Upon return to ORNL, the caske are again visually inspected
to ensure that they are in good repair. Maintenance is required only

vhen an inspection indicates damage.
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATICNAL LABORATORY

June 10, 1975

: J. H. Evans, E. M. King
Frox: Transportation Committee

SUBJECT: Approval of SARF - ORNL In-Pile Capsule
Shipping Cask

The ORNL Transportation Committee has reviewed the subject SARP in light
of the requirements (internal revicw) of paragraph B of AEC Immediate
Action Directive 5201-3. Particular attention was given to the areas

of structural integrity, thermal resistance, radiation shielding, nuclear
criticality safety, and quality assurance. This review did not necessarily
consider editorial, typographical, or computational correctness, these
matters being the responsibility of the authors and their sponsors.

It has been determined that the container meets the requirements of ERDAM
0529 and the SARP is approved for submission to the ERDA requesting a certificate
of compliance and approval of the cask for use in offsite shipments of fissile

and radioactive materials.
7 d
/ , l%

RNL Transportation Committee

EMK:JINR:bb

cc: Transportatinn Cormittee
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US. ATORIC ENERGY COMMISEIONR

Ferm ARC418
) CERTIFICATF OF COMPLIANCE
:g:"nl Fes Rututnctve Mstarish Puckags
[P-SY T —— 5. Rovison Me. 1c Pachage Mewsifecatvon 8>, [u Poge No. | te. Test tin. Pogm
5907 : 1 USA/S907/BLY (DOE~QR) | 1 2
2. PREANSLE

2. The cwthcom o mmutt 50 mtisly Sectpas 173 0. 173 354, 173395 _sad 172306 of the Dupprement of Tranapartation Hessrdous
Mypsynels Reguivt=ons (5 CFR 1 70-188 snd 14 CFR 103 andd Sactiong 146-19-100 snd 145-19-10D of she Depurtsmpnt of Trangpermtan

Oongs Corgose Rugy SOSCFR 148-140, = smandnd.

D The packagng snd ad » o S helow, Smew the miety saufends st forch « Sulipart C of Tate 10, Cote of Fadora!
Repuiations, Purt 7%, “Packapag of Rudsaactive Meserel fov T P ( satpn of Ra e Moterwl Under Cartawn
Condhnong ™

2. Thes cwrviicate dom At e the conmgner from h wth sy reges of the oo of thy U S_ Dugmrvmmes of
Teanaperasier or ether apphcable rege ¥ ARt g the g ot sy o8 y hoangh o e which the gechags
il be warsparsas_

3. Ties cwvilicete & auusd on the busis of » sefovy snslyeis rapert of the pacluge duips o spplcation—
(11 Propared by (Rome sl adbow): (B Tate ondd identiumtion of rapurt ov agplication:

|“Novese
Oak Ridge Matzioral Laboratory Safety Analysis for the ORML In-Pile Nov r 1977
P, O, Box X Capsule Shipping Cask

Osk Ridge, Tennessee 37830

J Report Nc: ORNL/ENG/TM-10

4. CONDITIONS
Tha conticame is COnd0nsl uPon the felfitong of the requerenurt of Subpart 0 of IOCFR 7T, & _ ot the pected
= o S belew.

S, Desrpuien of Packapng snd Avthenass Comenes_ Moge! Nembey . Facie Cless, Other C aved Rat
(s) PRackaging:

(1) Model Ng.: ORNL In-Pile Capsule Shipping Cask.

(2) Description:

Packaging for irradiated experimental capsules and spent fuel elements,
Containment consists of the cladding or jackets of fuel elements or
capeules or an imnner container meeting DOT Spegification 2R or special
form, The fnier cavity is & 3/4 in. I.D. x 58 in. long. The cask is
24 ia, 0.D. x 83 in, long. Shielding consists of 9 i/2 in. of lead be-
tween a 1/8 in, thick stainless steel inner liner and a 0.75 in, total
thickness, carbon steel outer shell. Access to the cavity is through:

(i) A sliding gate having 12 - 3/8" dia. closure bolts,
(11) A lower plug having 8 - 3/8" dia. closure bolts.
(1f1) An upper plug having 8 - 1/2" dia, closure bolts.

Each opening is gasketed with a neoprene gasket., The cask gross weight
is 17,00C 1b. The skid weighs 1,000 1b.

& Deweof imoencs: Qcroher 13, 1977 [Q. £ xpwation Dere
FOR THE US. ATOMIC ENERGY COMMISSION
7s. Aodren of sy Office § ™ Swpwiure, Name, and Trile of Approvng Ofhcis: 3
Department of Energy NM*
Post Office Box E - William H, Travis, Director
Osk Ridge, Tennessee 37830 Safety & Environmental Control Division
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Page 2 - Certificate of Compliacce, No. USA/5907/3LF (DOE-OR), Revision 1

(b)

(c)

(3) Drawiags:

Tie casx was constructed in accordance with Bratt & Whitney Drawing
CLR-10572-12 and modified in accordance wita Oak Ridge MNMational
Laboratory Drawings '.-11i65-EL-001-D through -011-D.

Contents:
{1) Type and Form of Material

Solid, large quantity of radioactive materials, iissile and non-fissile,
encased in metal cladding, meeting special fora or packaged in DOT
Specificatios 2R inner container and whose decay heat load does not
exceed 350 watts wher shipped by comzon carrier. When siijjed by ex-
ciusive use venicle, the decay heat load wili not exceed 1,300 watts,

(2) Maximun guantity of material per package
Fissile material is iizited to 1250g per saipment; nowever, if the total

quantity of fissile materfal exceeds 800g, the distribution of fissiie
naterial is further limited to 259§ zer limear foot,

issile Class 1



Appendix C

COMPUTER LISTING AND DERIVATION OF EQUATIONS

1. 1001 CASK
2. 1005 CASK
3. 1014 CASK
4. 1016 CASK
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Program 1001 CASK
Derivation of Equations
When a cask constructed of single ideally plastic material impacts
on its top corner, the major portion of the kinetic energy will be dis-
sipated through displacement of material in the impact area. An ideally
vlastic material is one which has a stress~strain relationship repre-
sented by a horizontal line.

The expression

du - S dv,

where
S = specific energy,

V = displaced volume of material,

can be used as a basis “or determining the effect of the top-corner
impact. The lack of an accurate numerical value of S necessitates a
conservative estimation of its value.

With reference to the computational diagram illustrated in Fig. C.1
it may be said that

dv - (1/2)XY dz ,

where, by trigonometry,

R(cos B ~ cos A),

<l
[]

X tan a R(cos B - cos A),

az R cos BdB.

1t follows that
du = SXY dz/2 ,

U=] du =) SXY dz/2 .
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ORNL DWG 74-9726

sect C-C

Fig. C.1. Computational diagram.
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This evpression can be readily solved using the computer. A value for
the angle A can be assumed and B can be incremented from -A to A or from
0 to A if the result is multiplied by 2 and the energy required for the
assumed deformation is computed. A is sta2rted smali, incremanted, and
the energy required compared with the potential energy of the cask. In
this manner a calculated impact history is produced. The program also

computes other variables, using the expressions below:

Maximum deformation: A = R(sin a)(1 - cos A)
Applied force: = du/dA
Acceleration: a = Fg/W

The velocity at any increment is found from the kinetic energy relationship
= =E 2 - 2y
AKE = U 2(V° vey
or
V= [v2 - 20/0)11/2 = ((2g/W) (1 - ))]V2,

where

v

iritial velocity (fps),

cask mass (lb-sec?/ft),
weight (1b),
drop height (it),

® T K Xo
]

gravitational constant (1bm'ft/1bf'sec2).
The time is computed from the relationship

a = dv/dT ,
or
dt = dv/a ,

and summary techniques.
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PROGRAA WOURABER 1001-CASK
HOROGE NEOUS BMATERIAL / AB IDEAL STRESS-STBAIB RELATIONSHIP
AW ONZIELDING SURPACE. TBE CASK INPACTS C) ITS CORNER

TRIS PROGRAN CORFPCUTES THE BRESPONSE OF R CASK HAVING RIGHT CYLINDRICAL

BY JOHE EVANS P.E., GEWERAL ENGINEERING bIVISIOI, CAK RIDGE WNATIONAL LAB.

GICSSARY OPF NOTATION
R=RADIUS OP CASK
C=CASK LENGTR
S=YIELD STRESS OR FPLOW PRESSURE
w=cask vergar
H=DROP HEIGHT
O=ANGLE AT WHICH CASK IBEACTS
U=ENERGY
P=PORCE
TaTIAE
AG=ACCELERATION
UT=TCTAL ENEBGY
V=VELOCITY
I=DEPORAAT ION
AN=ANGLE IR CONTACT / TRE SORPACE

DINEWSION V(1000) ,AR(1000),?(1000),0(1000) ,T(1000),AN (1000),
1 X(1000) ,AG(1000)
PI=3. 181596258

§=0.0

AWA = 0.0
C INPUT MATERIAL CONSTANT
C IFNPUT CaSK GEOMETRY
¥=16000.

Cc=88,
- R=12.5

1010 PORBAT(1H ,30X,'0. B. N. L. IN PIIZ SRIPPING CASK')
0=ATAN (2. *R/C)

SH=0.0

DO 90 B=1,5

sa=1.4+58

$28000.+ (2000 .#SR)
C INPUT TEST CONDITION

H=36.0

DG 20 WW=1,2
IP(NE .NE. 1) B=360. .
C INPUT ANGLE INCRENENTS

30 BB=.01
AR=.01

WRITE (51,1002)
WRITE (51,1002)
WRITE (51,1010)
WRITE (51,1002)
WRITL (51,1002)
C ZERO SUBSCRIPTED VARIABLES

DO 1& I=1,1000
AN(I) 0.0

AG (1) =0.0

¥ (1) =0.0
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X (1 =0.0
7(I)=0.0
P(I) =0.0
0(1) =0.0
AR (1) =0.0
18 CONTINOUE
ZERO WONSUBSCRIPTED VAPIABLES
TA=0.0
AE=0.0
2=0.0
AR=0.0
7X=0.0
0=0.0
Xx=0.0
XA=0.0
uT=u*H
YY=SQRT ( (68.*8} /12.)
po 1 I=1,1000
AR=0.0
IN-REAE%T ANGLE A
9 AsatAd
CA=COS (A)
p=0.2
AE=0.0
$0m0=0.0
10 D0 2 J 1,1000
INCREMENT ABGLE B
B=B+BE
CB=COS (B)
CALCULATE VOLUME DISELACED
11 €C=(CB-CA)
BY=TAN (0) $R*CC
BX=R*CC
12 DZ=R*CB*BB
PI=BY*BX*DZ*S
CALCULATE ENERGY ABSORBED
SOAU=SUNT+DO
VALCULATE AREA
13 DA=2.¥BX*DZ/COS (0)
AE=AE+DA
IF(B.GE.A) G2 TO 3
2 COWTINUE
3 U (Y)=5080
IF(0(I).GB.UT) GO TO &
AR(I) =AE
CALCULATE PORCE
P (I) =AR(I)*S
CALCULATE VELOCITY
S VA =SQRT ((68./(12.%)) *(0T-U(I})})

~ CALCULATZ ACCELERATION

AG(I)=P(I) /¥

C CALCULATE DEFORNATION

XA = (TAN (0) *COS (C) *R* (1. -CA))
X (1) =XA

C CALCULATE TINE

TX=(XA=-XX)/((VV+VA) #6.)
7 TA=TA+TX



C

[
'S
PN

T (1) =TA*1000.
IX=XA
6 V() =vA
8 YV=vaA
AN(I) =A®57.3
IF(U(I).GE.UT) GO 10 &
1 CONTINOE
8 COSTINOE
CUTPUT~VRITE LOOP
K=I-1
WRITE (51,1002)
WRITZ (51, 1008)
1008 PORBAT (1H, 9X,37HCASK GEONETRY AND NATEEIAL ERZFERTIES)
WRITE (51,1002)
WRITE (51, 1005)
1005 ronznt (1H, 8X,6BRADIUS,8X,6HLENGTR, 10X, EHUETICAT,6X,
1SESPECIPIC BNEBGY)
lII!'(SI 1006)
1006 PORNAT (1H, SX,6H8INCHES,8X,6HINCHES,10X,EHPCUNDS,8Y
1 138LB-.3/CU. IN.)
WRITE (51, 1002)
1002 FORBAT (180)
WRITE(51, 1007) 8,C,H,S

1007 PORSAT (P11.3,718.3,P16.1,P18.1)

WRITE (51, 1002)
WRITE(S1,1000)
1000 PORMAT (1H.,8%,11EDEFORMATION,S8X,8RVELOCITY,7X,8HTINR, 13X, SRPCRCE,
1 10X,6HEIEFGY, 51, 12HACCELESATICH)
WRITE(51,1001)
1001 PORNAT (18, 6X,6BINCHES,7X,8HPP./SEC.,8X,12A0ILLISECONDS,8X,
1 6HPOUNDS, 10X, 68LB~-IN.,102,3HX G)
WRITE (51, 1002)
Do 15 I=1,K
WRITE(51,1003) X(I),V(I),T(I),P(I),0(I),AG(I)
1003 PORNAT (14 ,P14.4,¥13.2,P16.5,P15.2,P16.2,P12. 2)
15 CONTINOE
CALL QWIKPL(X,\G,K,'LINEAR','J.R.EVANSS')
20 CONTINOE
90 CONTINOE
sTOP
END
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Program 1005 CASK
Derivation of Equations

When a c:!indrical cask fabricated from a homogencous material
impacts on its side, tiic deformation can be approximated as shown in
Fig. C.2. The volume, V, of mater:iz) displaced, shown shaded in Fig.
C.2, is expressed as

V = LR?/2 (20 - sin 20) ,

V = R2L(6 - sin 6 cos 8) .
For this derivation it is assumed that the cask is fabricated from an
ideally plastic material, that is, one that hae a stress-strain rela-
tionship which can be represented by a horizontal line. For such a
material, the product of the specific energy, S (the quantity of energy
required to displace a unit volume of material), and the volume dis-
placed is equal to the absorbed energy, U, as

U =SV - SR2 L(8 - sin 6 cos 0) .

This equation can be solved by trial and error by assuming values of 8

and calculating until

U=4uWh,

where W is the cask weight, and h is the drop height. The deflection,
X, 1is

X = R(1 - cos 6) .

The area, A, at the surface is

A= 2LR 8in 6 .
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It follows that the force, F, is

F=S5A,
and the acceleration, a, is

a=F/M-Fg/W.
A computer program can be written to solve these equations for increasing
values of 6 until the deformation is sufficient for U to equal the cask's
potential energy Wh. 1In this fashion an acceleration deflection, energy
history of the impact can be calculated. Also, velocity, V, can be com-
puted from the kinetic energy relationship

U = AKE ,

and the lapsed time from the relationship

dt - dv/a .
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PROGBA NUBBER 1005-CASK

TAIS PROGRAE ANARLYZES THE ISPACT OF A CASK BAVIMNG RIGHT
CYLIBDRICAL GEONETRY, INPACTING WITH ITS AXIS HORIZONTAL , CODED BY
JOodN BEVANS P.B., GES.EBCR. DIV. ORNL, JUNE 1973,

GLOSSARY OF NOTATION

X=DEFLECTION(IBCHES)

U=ENERGY (LB-IBCHES)

P=POBRCE (PODNDS)

AG=ACCELERATION(G'S)

V=VELOCITY (FI/SEC)

9=¥EIGHT OF THRE CASK (POUNDS)

H=DROP HEIGAHT (INCEES)

C=CASK LEBGTH(IECHES)

R=CASK RADIUS(INCHZS)

O=ANGLE SUBTEADZD BY THE DEFORAED IRBI(IIDIIIS)
UT=TOTAL POTENTIAL ENERGY OF THE CASK (LB-iNCHES)
T=SHELL THICKMESS (IN.)

TH=HEAD THICKBESS,PLUG END (IN.)

TAB=HEAD THICKNESS,EOTTOB END (IN.)

W=CASK WEIGHT (POUNILS)

SL=SFECIPIC ENEKGY (P SHIBLDING MATERIAL (IN-LB/CU.IN)
SC=SPECIPIC EBERGY JF CLALDING IF COBPRESSION (IN-L2/CU 1IN)
00=INCREMENT OF AMGLE O

TE=TIRE (SEC.)

G=ACCELERAZION (FT/SEC/SEC)

V1=VOLUNE OF SHIELDING DISPLACED (CU.IN.)

UH=ENERGY DISSIPATED IN CEFORMIEG THE HEADS (IN.LD.)
UL=ENERGY DISSIPATED IW DISPLACING SHIELDING (IN.LB.)
22=Z4ERGY OISSIPATED 1IN DEFORNING COOLING PINS(IN-LB)

DIMENSION 0 (1000) ,X (1005),P (1000) ,G (1000) ,AG (1000) , TN (1000)
1,AP (1000} , ¥V (1000)
22=0.
IVPUT CASK GEOBMETRY
TH=6.0
TAR=0.0
T=.75
¥=16000.
R=12.5
CL=58,
DO 99 ®¥n=1,2
INPOT TESI CONDITION
H=36.
IP(¥8.8E.2) GO TO 98
H=360.
98 Z“ONTIWUE
CALCULATE CASK POTENTIAL ENERGY
UTai*H - 22
INPUT IBCREMENT OF ANGLE,O



[
(9)]
[

00=.01

C INPUT BATL. PROPEETI‘ES

C

C

O o060 o060

(o]

DO 90 B=1,2
SL=8000.
SC=100000.
Ir(s.R.1% G0 10 9N
SL=10000.
SC=280000.
91 CONTINE
ZERO SUBSCRIPTED VARIABLES
bo 1 I=1,1000 1
X(I1=0.0 1
U(1)=0.0 1
r8(1=0.0
6(I1)1=0.0
P(I) =0.
A6 (N=0.0
AP(I)=0.0
¥{I)=0.0
1 CONTINE
ZERO NOBSUBSCRIPTED VARIABLES
OL=0.0
Ur=0.0
DT=0.0
75=0.0 b
PU=0.0
¥Y¥=0.0
00=0.0
PP=0.0
XXx=0.0 3
0=0.0
Y(1)=SORT((68.*8/12.))
"w=v(n
po 2 1=1,1000
IPN(I.RR.1 GO TO 21
0=0+400 1<
S0=SI8(0)
S00=SIN (2.*0) /2.
CO=C0S5(0)
CALCULATE VOLUNE OF SHIELDING DISPLACED
EQUATION 1
VL= (R*R*CL* (0-500)) EQ.
CALCULATE ENERGY DISSIPATED IN DISPLACING SHIBLOING
EQUATION 2
OL=SL*YL EQ.
EOOATION 6
Q0=0-500 EQ.
EQUATION 12
Vi = (THe TAH) *R*R*00
EQUATION 13
UH=SC*vH EQ.
ARL=2 ,8R#50%CL
PORL=ARL®SL
ARH=2.8R*SO*(TH + TAH)
PORH=ARH*SC
U(X)=U8 ¢+ OL
COBPUTE DEPORBATION

- N o A

Yed tir



.Q

b

X¢I)=n*(1.-CO} -
COBPUTE APPLIED PORCE
P(Z)=FORL ¢+ PORE
COn20TE ACCELERATION
S(IY=@II)*32 /0

AG(I) =P (I} /¥

IP{O(D) .6GT.0T) GO TO 7
CONPETE VELOCITY

8 V(I)= SORT((UT-B(DN)*(68./(¥%12.)))

7 COBTINUE

COBPUTE LAPSED TIRE
DT=0.
IP(G(D .NE. G.) DT=(VV-V(I))/3(I)
TS=TS+DT
I8 (1) =T5%1000.

CONPUTE PERCENTAGE ENERGY STCRED
PO=0(I /0

21 CORTIWE

5 XX=1(D
0U=0(n
W=y (N
PP = P(I)
IP(O(D .GE.UT) GO TO &

2 CONTINOE

8 COBTIWE
J=I - 1

OUTPUT-WRITE LOOP
SRITE(S1,1009)
NRITE(51,1009)
WRITE(S51,1002)
WRITE(51,1008)

1008 PORBAT(1H ,25X,°'C. R. M. L. 1K PILE SRIPPING CASK')

VRITE(S1,1002)
WRITE(S51,1009)
WRITE(S1,1009)
WRITE(S1,1002)
WRITE(S1,1008)
WRITE(S1,1002)
WRITE(S51,1005)
WRITE(51,1006)
WRITE{51,1002)
1002 FORBAT(1HO)
1008 PORAAT(IR ,30X,13BCASK GEOHETRY)

1005 FORBAT (1H ,8X,6FRADIUS,9X,0HLENGTH,8X,108SHELL THK.,5X,
9HHZAD THK. ,S5L,9HHEAD IHX.,7X,6HWEIGHT,SX,

[ S

15HASPECIPIC EMERGY)

1006 PORAAT (1H ,8X,6RINCHES,9X,6KINCHES,9X,6HINCHES,9X,6HINCHES,
1 8X,6HINCHES ,8X,6HPCUNDS,7X, VIHIN-LB/CU IN)

SRITE(51,1007) B,CL,.T,TH,TAH . W,5L

1007 roRsAT('H ,P10.3,8P15.3,F15.1,F12.0)

VRITE({51,1002)
VRITE(51,1009)
SRITE(51,10C9)

~ WRITE(51,1002)
#“H¥RITE(S51,1000)

1000 FORBAT (1R ,8X, 11HDEPORBATION,4X ,BHVELOCITY,7X,aHTINAR, 13X,5HP ORCE,
1 10Xx,6HREBERGY,5X, 12BACCZLERATION) ’

(8

10

11

m

1<
15
16

16

112 18
118 19

1A 18

e b =t



)
w
(98]

ERITE(51,1001) 1
1001 FOBNAT (1B ,6%,6HINCHES,7X,8HFI./SEC.,.8X, 12HNILLISECONDS,BX,
1 6HPOUNDS, 10X, 6HLB-1N.,10X,30X G) 1
ERITE(51,1002) 12 18
1009 PORMAT(1H, X, QA9H*#53358583 00803888830 5088 0808888088838 0588888888n
1 SSHSSS 0023502808085 ¢SS 0SS SE LSS SSIERELS SIS SS 800 S
2 13H*sS 200588 8800 8)
Do 1 1=1,J
WRITE(51,1003) X(X),¥(I),I8(i),.P(I),U0(I),AG(I)
1003 FORBAT({1E ,P12.4,P13.2,F15.4,P18.2,F16.2,712.2)
11 COETINE 102
CALL QVIKPL(X,AG,J, 'LIMNEAR’,'J.L.EVANSS®)
CALL QWIKPL(O,AG,J,'LINEAR®,'J.H.EVANSS')
CALL O9IKPL(X,0,J,°LINEAK®,'J.H.EVANSS®)
20 CONTIWE
90 €CONTINUE
99 CONTINIE
STOP
END
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Program 1014 CASK
Derivation of Equations
The nodel.shoun in Fig. C.3 illustrates the general case of a cask
equipped with an energy absorber which deforms in pure compression. If
the force-deformation curve for the absorber is taken as shown in Fig.

C.4, the expression
AU =F (X -X ) -F8

represents the energy expended as the cask moves from Xn_ to Xn and

. 1
deforms the absorber an amount Gn. It follows that

n*=n n=n
U = J au=J Fs.
T p=0 n=0

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

expression

N6 =X .
n

The deformation Xn may be written
X’CL-NGQ
n n

Solving for €, We have
€ = N&/L .

There exists an expression

oi = f(ei) .
where
g = stress,

€ = sgtrain,
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for the material from which the energy absorber is constructed. Then

the force F can be determined from

where A is the original cross-sectional area of the energy absorber.
These relationships form the basis for the attached computer pro-
gram. The absorber deformation is increased in steps of constant
magnitude. Strain, stress, and force are computed for value of deforma-
tion, and the energy for the step is determined. The energy is added
to the sum of that from previous steps and compared with the cask poten-~
tial energy. When the dissipated energy ejuals the potential energy,
the computations are complete.

The program is currently supplied with stress-strain equations,
g =f(e) ,

for stainless steel and mild steel. The program can be used for absorbers
having any cross-sectional shape. It is equipped to compute the area for
tofoidal absorbers (see Fig. C.5c) and for rectangular absorbers (see
Fig. C.5b and 5c¢) having a constant thickness. In the case of the
toroidal absorber, the radius and thickness depth must be inserted in
statement numbers 70, 71, andi 72. For a rectangular absorber, the
thickness, depth, and length must be inserted in statement numbers 71,
72, and 73. For absorbers of other geometry, the area must be computed
by hand as input in statement 74. Those statements not applicable must
be left as 0.0. In addition, the cask weight in pounds must be input in
statement 80, the drop height in inches in statement 81, and the mate-
rial in statement 88. The material input is SST for 300 annealed serles
stainless steel and STL for mild steel. If a finer or coarser mesh is
desired, the value of DE in statement 50 may be decreased or increased.

The 1000 format should be altered to identify the cask.
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ssPTN,L,H,E,G,A.
PROGRAN 1018 CASK
TRIS PROGRAR COAPCYES THE RESPONSE OF A RIGID CASK EQUIPPED WITH AW ENERGY,
ABSORBER WHICH Dr:UiaS IN PURE CUAFSEZSSION CODED BY JOAW BVANS PE ,O0AK RIOGE
EATIONAL LABORATORY, JONWE 197¢
GLOSSARY OF NOTATION

EE=ANOOFNT STRAIN IS YWCREMEWTED-IN./IB.
S=STRESS PSI

DEF=A BSORBER DEPORNATION IN.

DU=DI PPERENTIAL ENERGY IN.LB.
PORC=PORCE l8.

ENER=ENERGY DISSIPATED IN DEPORRING THE ABSORBER IN.LB.
ACC=ACCELERATION X G

STL=STEEL RILD OR 1.OW CARBON
SST=STAINLESS STEZL 700 SERIES
ALO#=ALOAINON TYPE 6061-T6

DE=STRAIN IN./IN.

DS=STRAIN IZ /I,

ABATL=ABSURBER MATERIAL

¥T=CASK WEIGHT LB.

RAD=A BSCRBER RADIUS IN.

THX=A BSORBER THICKNESS IN.
TLEN=ABSORBER LEWGTH IN.

DEPH=ABSORBER DEPTH IN.

AREA=ABSORBER AREA SQ.XIN.

DL=CHANGE IN ABSORBER LEWGTH IN.
A,B,C,D,E,B,G,H,0,P,Q,R=CONSTANTS IN THE STRESS EQUATION
AT=DROP HEIGHAT IN.

UT=CA SKS TOTAL POTENTIAL EWERGY IN.LB.

O AN NANOANNNANANNNANLANN

DINENSIOF DE (200),5(200),DEF (200) ,DU (200) ,FORC (200) , ENER (200),
2 ACC(200)

1001 PORSAT (1R0)
1002 PORBAT(IA ,1X,00H22SaugIsnssssssssstssss S SATSNSSSLESERITSRESRSSS,

1 SSASSE LA SRIRLE SER RS LA VS VVAS R ARSI IRESRE IR RS AN RSR ST N,
2 1afssssess soenes §)
1003 PORRAT (V8 ,23X,20HENERGY ABSORBER GEORETRY)
1004 PORAAT (1H ,12X,6HRADIUS ,3X,9HTAICKNESS,3X, SHDEPTH,8X, 6ALENGTA, SX,
1 YHARED)
1005 PORWAT (18 ,P18.3,4710.3)
1006 FPORMAT (1H ,16X,33RCASK GEONETRY AND TEST CONDITIONS)
1007 PORRAT (V8 , 12X,118CASK WEYGHT,3X, 11HDROP HEIGHT,3X,9HPOTENTIAL,
1 X, GHENERGY)
1008 PORMAT (1R ,P21.1,P18.1,P17.1)
1009 PORAAT (1H , 1X,12AACC3LERATION,2X, 11ADEPORNATION,6X SHPORCE, 6X,
1 6ASTRESS, 6X,6ASTRALN,8X,6HERERGY)
1010 PORNAT ('H , SX,3AX G,10X, 6HINCHES, 9X,4HLBS.,7X,8HPSI., 9X,
§ SHIN/IN,9X,SALB-1IY)
1011 PORAAT (1H ,P10.1,P13.3,P16.1,P12.1,P11.3,P12.1)
po 7, 1=1,200
DE(I)=0,0
S (1) =0.0
NEP(I)=0.0
DT/I)=0.C
PORC (I)=0.0
EN*R{1)=0.0
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7 ACC(I)=0.0
33T=%.0
STL=2.0
ALON=3.0
60 EE=.005
0S=0.0 ’
INPST ABSORBER SATERIAL
88 ABATLeSTL
INPUT RADIUS
70 RAD=0.0
IFPUT ABSORBER LENGTH
73 TLEN=S5A.S
INPUT CASF WEICHT
80 WT=16000.
IFPUT THICKWESS
71 TRE=1.0
INPUT ABSORAER DEPTH
72 DEPE=6.0
IFPUT ABSORBER AREA
7% AREA=0.0
INPUT CASK IDENTIPICATION
1000 PoROAT(1® ,8X,'0. R. . L. TNPYLE CAPSULE SEIPPING CASK')
C INCRESEWT DEPORAATION
DL=EESDEPR
PAI=3. 18159265
IP(RAD .GT. 0.) AREA=2, SRAD®PHISTEK
IP(TLER .GT. 0.) AREASTLENSTHK
C INPUT DROP WEIGHT
IP(ARATL.NE.2.0) GO TO 6
®ILD STEE. COEPFICIENTS
A=-8.36337720 B+02
B=3.52678012E+06
C=-5.8830897122407
D=8.88752080E+08
E=-1.007908382+10
P=8.3228 12682+10
6=-8 8287508642+ 11
A=1.506858882+12
0=-3,25535392E2+12
P . 317582722412
Q=-3.208876882¢+12
R=1.019106582+12
AA=0.5
AB=385000.
AC=73000.
6 COWTINOE
IP(ABATL.NE.1.0) GO T0 S
C STAINLESS STEEL COEPICIENTS
A5-6.60086828 2402
B=3.27888020E ¢06
C=-1.74360076 2+08
D=S. 78280072E+09
E=-9.291 16096 B+ 10
P=8.8650 90482 +11
G=-8,791732808¢12
B=1.75760186E+13
0=-8,20115552E+13

P I O I s s



[
=2}
[

P=6.335796562+13
Q=-5.888327682¢ 13
R=2.079015808+13
AA=0.35
aB=682000.
AC=50300,
S CONTINOE
IP(ASATL.NE.3.0) GO TO 12
A=-2.37529992%+02
B=8.772222162+05
C=-2.103959082+07
D=7.925269768+08
E=-1.197108 162+ 10
P=9. 285227288+10
G=-8. 20976496+ 11
B»1.219V96982+12
0==-2.22003828 8¢ 12
P=2.511188602+12
Q=-1.60332062E¢12
=8, 832868882+11
24=0.5
2B=209$00.
AC=27900.
12 CONTINDE
HTA=A8,
IP(¥T.GE.10000.) ATA=36.0
TP(¥T.GE.20000.) RTA=24.0
IP(VT.GE.30000.) HTA=12.0
NTB=369.
Do 20 W=1,2
HT=ETA
IP(N .E}. 2) HTsHTS
UT=YTSHT
SOnU=0.0
DS=0.
DO 1 I=1,200
DE(I) =DS
DEP(I) sDE(I) *DEPH
IP(PS.GT.AA} GO TO 21
STRESS EQUATION
S (I) =Ae¢ (B*DS) ¢ (C*DS*DS) (D (DS**3.) )+ (ES(DSESB. ) )¢ (P (DS®s5 ) )¢
1 (G®(DS*#6.)) ¢ (H* (DS*#7.)) ¢ (O® (DS**8.) )+ (P* (DS**9.) )+
2 (0% (DS**10.) )¢ (R*(DS** *1.}))
21 coNrINge
IP(DS.LE.AR) GO TO 22
STRS= (AB*DS) + AC
22 CONTINOE
CORPUTE PORCE
PORC (I)=S(I) *AREA
COAPOUTE ACC ELERATION
KCC (I) =PORC (I) /6T
CONPUTE EEERGY
DU(I)=PORC (I) *OL
SON0=SOR U+DU (T)
EZNER {I)=SUND
DSs=DSe2E
IP(ESZR(T).GE.0T) GO 70 2



1 CONTINDE
2 ComTINeE

20

J=I

"ITe
yNITE
WRITE
URITE
WAITE
WRITE
WRITE
RITE
RITE
RITE
TRITE
e

(6, ¥002)
(6, 1002)
(6, 1001)
(6,1000)
(6,1001)
(6,10J2)
(6, 1002)
6, 100t)
(6,100
(6,1001)
(6, 1008)
(6,1001)
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SRITE(6, 1005) ,RAD ,THK,DEPH, TLEW ,AREA

URITE
iarre
URITE
WRITE
WRITE
URITE
UnITe
URITE
WRITE
WRITE
WRITE
WRITE
URITE
WRIiTE
INITE
WRITE
po 10

SXITE (6, 1011) .ICC(I).DBP(I) PORC(I),S (T) ,DE (I), ENER (I)
1"

(6,1001)
(6, 1002)

(6, 1001)
(6,1006)

(6, 1001)
(%,1007)
(6,1001)
(%,1008) 8T, AT ,0T
(6, 1001)
(5,1002)

(6. 1002)

<, 1001)

(6, 1009)
(6,1001)

(5, 1010)
(6,1001)
I=1,200

I?(1.6E.J) €0 TO
COFTINUE
COSTINOE

VRITE
URITE
RITE
URITS
WRITE
WRITE
nRITE
mire
WRITE
VRITE

CALL QWISKPL(DEFP,ACC,d,* LINEBAR®, *J.H. EYANSS')
CALL QWIKPL(DEP,ENER,J, "LINEAR’,'J.H.EVANSS®)
CALL QUIKPL(ACC,ENER,J, ‘LINEAR','J.H.EVANSS')

(6.,1001)
(s, 1001)
(6,1002)
(6, 1002}
(6,1002)
(6,1002)
(%, 1002)
(6,1002)
(,1001)
(6, 1001)

CONTINOE

sTOP
WD
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Program 1016 CASK
Derivation of Equations

When a cask equivped with stiffening rings as shown in Fig. C.6
impacts an unyielding surface, some fraction of the cask's kinetic
energy will be dissipated by defcrming the rings. For any arbitrary
time during the deformation, material will have been displaced from the
portion of the ring below the line representing the impact surface in
Fig. C.6. For the cases vhere the ration (Ro - Ri)/tf is small, the
ring will fail in pure compression. A trrical element at the angular
location & dx wide aand t_ deep will be deformed an amount Y. The force

f
F on the element at any point in the deformatiom is

F" =0 dA ,

where

dA = differential area.

By trigonometry,

»
[]

R sin 6,
(o]

(<}
1]

sin~! (X/R) ,
(o]

[
n

Ro cog € - R, cos a ,

i

o]
[]

Ro(cos 6 - cos §) ,

&

(Roe cos 8) CL ,
where

CL =

-1
L]
.

The strain in any element is

£ = Y/LA .
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_ ORNL DWG 74-12483
ENERGY

o— ABSORBING —*{|*— %
RING
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SURFACE

/m OPACT

SURFACE

Fig. C.6. Cask model.
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There exists an expression

o= f(e) = A + A+ Ae? ...+ Ane" .
From the above trigonometric relations the strain can be determined at
any given location for a particular deformation described by ¢. The

force can then be calculated from

0=¢
- _ = 2 n
F* = f(e) dA=CR do ‘Z cos B(A + Ajey + Aged + ... + A €) .
8=0
The total forcé F is
8=¢ , .
F = z F~ = ZCLRO de ZO cos G(Ao + Alse + Azee + ... ¢+ AnEQ) s

with d8 constant. The energy, U”, absorbed by an element is

U =f F  dy=f o dA La de

n+l
0

CLRo dé cos 6 La Aoee + 2 + 3 + ) .

2 3
Aje Azee A“ee

These expressions are utilized with the computer to effect a trial
and error solution of the impact. A vaiue is assigned to ¢, and energy
abgsorbed is computed. In this computation, 6 is incremented a constant
amount d6 until 6 = ¢. The total calcuiated absorbed energy is compared
with the cask's potential energy. The value of ¢ is increased until the
calculated energy equals the cask's potential energy. Force is calcu-
lated by a similar summing operation. Acceleration, maximum deformation,

etc., are calculated ucing basic engineering mechanics principles.
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espry,L,n,E,G, A

c PEOGRAA 1016 CASK

C THIS PROGEAR CONPUTES THE RESPONSE OF A RIGID CASK EQGIPPED ¥ITH AN EBERGY,
C/ 9SORBER WNICE DEPORNS IV PURE CONPRESSION. THE ENERGY ABSORBER IS

.4 THE PORH OF CIRCULAR PINS OR SNELL STIPYENING RINGS, NAVING A LENGTE

70 THICKNESS RATIO SUPPICIENT TO PREVENT BOUCKLING. THE AXIS OF THE CASX IS
NORIZOWTAL. CGDED BY JOHE EVANS, P. 2. OAK RIDGE WATIONAL LABROTORY
¥oyERnBER 1978

GLOSSARY OF NOTATION

EZ=AROUNT STRAIN IS INCREAENTED-IW./IN.

DEZ=A BSQRBER DEPORBATION IN.

DU=DIPPERENTIAL ENERGY IN.LB.

PORCE=PORCE LB.

EWER=ENERGY DISSIPATED IN DEPORAING THE ABSORBER IN.LB.

ACC=ACCELERATION X 6

STL=STEEL RILD OR LOW CARBON

SSTaSTAINLESS STEEL 300 SERIES

ALUN=ALUNINON TYPE 6061-76

AL=OPPER STRAIN LINIT POR THE WOWLIWEAR STRESS~STRAIN

EQUATION IN./IWN.
Z=HORIZONTAL DISTAWCE PRON POINT OF PIRST IBPACT TO POINT
OF CALCULATION IN.

ALPHA=ANGLE DESCRIBED BY X AND BRI

AL=LENGTH OF TEE ELENENTAL VO'.ONE IN.

CL=TOTAL TEICKNESS OF THE ABSORBERS IW.

DE=STRAIN IN./IN.

DS=STRAIN IN./IN.

ARATL=ABSORBER HNATBRIAL

¥T=CASK WRIGHT LB.

A,8,C,D,2,2,6,H,0,P,Q, R=CONSTANTS IN THE STRESS EQUATION

AB,AC=CONSTANTS IN ZHE STRAIGHT LIWNE STRESS BQUATICN

AT=DROP HEIGAT IN.

UT=CASKS TOTAL FOTENTIAL EWERGY I¥.LB.

ANGL=ANGLE AT POINT OF CAICULATION OF THE ABSORBER

RO=OUTSIDE RADIUS OF THEZ ABSORBER IN.

RI= INSIDE RADIUS OP THE ABSORBER IN.

CL=OVERALL CASK LEWGTH INCLUDING THE ABSORBER Ip.

DA=ANOUW? ANGL (ANGLE) IS INCRENENTED

THETA=ANGLE AT POINT OF CALCULATION, WEASURED PRCA
RADIOS TRROUGH POINT OPF PIRST INPACT

STRS=STRESS PSI

SSI=INTEGRAL OP THE STRESS EQUATION

DAREA=DIPPERENTIAL AREA SQ:IN.

OU=DIPPERENTIAL ENERGY IN.LB.

DPOR=DIPPERENTIAL PORCE LB.

OO KNNNAONANDC

R R R R R A R R A R AT N Y )

_DINENSION DEP(S00) ,PORCE(500),ACC(500), ENER(500) ,ANGL (S00)

1001 POREAT (1HO)

1002 PORAAT (1Ml ,1X,' 90800000000 R0tASSARSA NI S400 0200020008000 0aRssss
1 8488948540000 MRSR PRSI INESSIE RSN LS ERETE ERER SRS Y)

1003 PORNAT (36 ,23X,28 HRENERGY ABSORBER GEOMETRY)

¥ i PORSAT('H, 1VX,18HOUTSIDE RADIOUS, 6X, VIHINSIDE RADIOS,6X,
1 1SHABSORBER DEPTH)

1005 PORMAT(3920.3)



167

1006 PORAAT (1H ,161,338CASK GEONETRY AND TEST CONDITIONS)
1007 PORNAT (18 , 12X, 11ACASK @EIGHT,3X, 11HDROP HEIGHT, 3X, 9HPOTENTIAL,
1 X, GHENERGY)
18 PORMAT(1H ,P21.1,P18.1,P17.1)
49 PORSAT (1H , 1X,128ACCELERATION,2X, 1 1HDEPORNATION,6X, SHPORCE, 6%,
1 SHANGLE,S X,6HENERGY)
1010 PORWAT (18 , 5%,3HX G,10X,6RINCAES, 9X,88LBS.,7X,THDEGREES,
1 9X,SHLB-IN)
1011 PORMAT (%4 ,P10.1,P13.3,P16.1,P12.1,P12. 1)
SST=1.0
STL=2.0
ALON=3.0
60 EE=.005
pS=0.0
DO 56 Iz1,500
DEP(X)=0.0
PORCE () =0.0
ACC(I)=0.0
ENER (X)=0.0
S6 AWGL (X)=0.0
TSR RRR RS EE S S SEEE SRR ELSLRF IS EE SR EE S EIPS LA L BE IS SRS SR B AL BB S E 232227317
INPUT ABSORBER AND CASK GEOMETRY
INPOT OUTSIDE RADIOS OF TE® ABSORBER
RO=1S.
INPUT INSIDE RADIUS OF THE ABSORBER
RY=12.
> INPUT TOTAL LENGTH OF THE ABSORBER
CL=3,
> TINPOT CASK WEIGHT
#T=16000.
INPUT ABSORBER MATERIAL
AMATL=STL
> INPUT CASK WARE
1000 PORMAT(iH ,8X,°0. R. N. L. IN-PILE SHIPPING CASK')
TS BERARRRAE S BESR BEEL RSN EL LS LS SE BB SR ER AP S IVS SRS B AR AL L RES IR AEES PSS SR B R
> ANGLE INCRENENT
DA=.01
: INPUT DROP HEIGHT
HTA=Q8.
IP(¥T.GE.10000.) ATA=36.0
IP(¥T.GE.20000.) RTA=24.0
IP(4T.GE.30000.) HTA=12.0
ATB=360.
AILD STEEL COEPICIENTS
IP(ANATL.NE.2.0) GO TO 6
A=-0.36337728 £402
B=3.526780 122406
C2-5,803889122407
D=8.84752080F +08
B=-1,00790838 B+ 10
P=8.3228 12682+ 10
G=-8.42875868 B+ 11
H=1.506858882+12
0=-3.255353922+12
P=g. 3¢TSA27 22+ 12
Q=-3.20887888 +12
R=1.019106568+12

[REE]

(¥]



Ax=0.5
AB=385000.
AC=73000.

6 CONTINOE

12

IP(ABATL.NE.1.0) GO TO 5
STAIBSLESS STEEL COEFICIENTS

A=-6,.60086828E+02
B8=3.2768880202+06
C=~1.783600762+08
D=5.762800722+09
B=-9,.291160962+ 10
r=8.86509088E+11
C=—-8.791732802+12
H=1,.757601862+13
0=-8_201155528+13
P=6.335796562+13
Q=-5.888327682+13
R=2.0790 15802+13
A2=0.35
AB=682000.
AC=50300.
CONTINUE

IF(ANATL.NE.3.0) GO TO 12

A=-2.375299922+02
B=8.77222216E+05
C=-2.,103959088+07
D=7.92526976E+08
2=-1.197108 162+ 10
r=9.285227262+10
G=-8_289768962+ 11
H=1.219196982+12
0=-2,228038282+12
P=2,.51118860B+12
Q0=-1.603320622+12
R28_83286883R+11
Ar=0.5

AB=209100.
AC=27900.
CONTINUE

DO 20 ¥=1,2
BT=ATA

IP(y .EQ. 2) AT=ATH

UT=T*RT
sSono=0.0
Ds=0.

DO 50 I=1,500

I7(1.20.1) GO TO S0
PAI=DASPLOAT(I) ». |
DEP (I) 2RO% (1. -COS (PHI))

ANGL (1) =PHI*S57.3
SONP=0.0

SUR0=0.0

Do $1 JI=1,500
THETA=DA*PLOAT (JJ)

I?(THETA .GE.PHI) GO T0 S&
DAREA=RO*DA®COS (TRETA) *CL

X=R0*SIN (TRETA)

168
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ALPHA=ARSIN (X /RI)
AL= (RO*COS (TR ETA) ) - (RI*COS (ALPAA))
1=RO* (COS (THETA) - COS (P I) )
IP(Y.LE.0.0) GO TO S3
DS=1/AL
STRESS EQUATION
IP(DS.GT.AA) GO TO 21
STRS=A+(B#DS) ¢ (C*DS*DS) + (D® (DS®®3.) ) + (E® (DS*%8.)) ¢ (F® (DS*5,) ) +
1 (G*(DS*%6.)) +(H* (DS**7.)) + (0% (DS#*B.) ) + (P* (DS**9.) )+
2 (Q*(DS**10.} )+ (R*(DS** 11.))
SST=A®DS+ ((B*DSeDS) /2.) + ((C*(DS*%3.)} /3. )¢ ((D*(DS5*%8.)) /8.)+
1 ((B*(DS2%5,) )/5.)+ ((E*(DS**6.) ) /6.) + ((G*(DS**7.))/7.)+
2 ((a%(DS*®3,) ) /8. )+ ((0% (DS**9.) ) /9.)+ ({(P*(DS**10.)) /10.)+
3 ((Q*(DS**11.)) /11, )+ ((R*(DS**12.)) /12.)
21 CONTINOE
IP(DS.LE.AA) GO TO 22
STRS= (AB*DS) + AC
SST= ((AB*DS*D S) /2.0) + (AC*DS)
22 CONTINOE
DPCu=STRS®DAR ZA
DU=SSI*DAREA®AL
SUNP=SCHP+DIOR
SUNG=ST J+ DU
53 CONTINUE
52 CONTINOE
51 COMTINUE
53 CONTINUE
PORCE (I) =SURP*2,
ACC (I) =PORCE(I) /W T
ENER (I) =SOND® 2,
I7(DEF(I).GB.AL) GO TO S5
IP(ENER(I) .GE.0T) GO TO 55
50 CONTINOE
55 CONTINOE
J=1
#RITE (6, 1002)
WRITE (5,1002)
WRITE (6,1001)
WRITE (6,1000)
WRITE (6,1001)
WRITE (6,1002)
WRITE (F,1002)
WRITE (6,1001)
WRITE (6,1003)
WRITE (6,1001)
HRITE (6, 1004)
WRITE (5,1001)
WRITE (6, 1005) RO,RI,AL
WRITE (6,1001)
WRITE (5,1002)
WRITE (6,1001)
WRITE (6,1006)
#RITE (6,1001)
WRITE (S, 1007)
WRITE (5,1001)
WRITEZ (6,1008)WT, AT,O0T
URTTE (6,1001)



10
n

20
100

WRITE (6,1002)
WRITE (6,1002)
WRITE (6,1001)
¥RITE (6,1009)
WRITE (6,1001)
WRITE {6,9010)
WRITE (6, 1001)
DO 10 I=1,200

170

WRITE (6, 1011) ,ACC (I}, 08P (I) ,FORCE (X) ,ANGL(I),ENER(I)

INI.GE.J) GO TO 1y

CoNTIwOE

COBTINUE

WRITE (5,1001)
WRITE (6, 1001)
WEITE (6,1002)
WRITE (6,1002)
WRITZ (6,1002)
WRITE (6,1002)
WRITE (6,1002)
WRITE (6,1002)
WRITE (6,1001)
WRITE (6,1001)

CALL ORIKPL (DEP,ACC,J,' LINEAR',*J.B.EVANSS')
CALL QVIKPL (DEP,ENER,J, ‘LINZAR','J.H.EVANSS’)
CALL QUIXPL(ACC,ENER,J, *LINEAR','J.H.EVANSS')

CONTINOE
CONTINGE
sTop

END
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2R Container Testing

Beloss is an excerpf from the SARP for ORNL shipping cask D-38 by
L. B. Shappert and B. B. Klima, outlining tests performed on the 2R con-
tainer used in D-38. The figure numbers have been changed to be com-
patible with this report. Two D-38 2R inner containers were tested to
establish the adequacy of this type of container as the primary con-
tainment vessel for radioactive materials. Specification 2R containers
are described in Sect. 1.7. The containers and their drop sleeves are
shown in Fig. D.1. The containgr was dropped inside the sleeve to
simulate the condi;ion of the container insicde the carsk. These drop
sleeves consisted of a length of sched-40 stainless steel pipe with a
0.280~in.~-thick plate welded over one end.

The testing of the containers consisted of two 30-ft “rops. The
first drop was made such that the bottom of the container impacted flat
on the surface. The second drop was made with the bottom of the con-
tainer at an angle of 20° from the horizontal such that the centef bf"
gravity of the contaiuner was directly above the impacting corner. Both
containers weighed 19 1b empty and were loaded with 25 1b of solids to
bring the total weight of the dropped unit to 44 1t. Prior to the drop
tests, both containers were tested and were leak-tight at 25 psig.

Figure D.2 shows the inner container and drop sleeve after the first
test. This container impacted at an angle »f 0° with the impact surface
and sustained almost no visible damage. Figures D.3 and D.4 show the
inner container and urop sleeve used in the second drop. This container
impacted at an angle of 20° with the impact surface. A flattening of
the drop sleeve is evident, but no damage was sustained by the inner
container. The metal of the inner container was polished a little below
the weld area.

The containers were tested after the drop and were leak-tight at

25 psig, The inner container met the requirements of the drop test.
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Fig.

D.1.

Model

before testing.

Photo 3174-74
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Photo 3075-74

Fig. D.2. VPlodel after first test.
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Photo 3073-74

Fig. D.3. Model after second test,



Fig. D.&.

Model after second test.

Photo 3076-74

)

LLT
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REQUEST FOR NUCLEAR SAFETY REVIEW MR 342 :

This request covers operations w:ih fissile materzai 1n a control area and or fissile mateniai i
trar sfers that ongimnate with:n the conrol arer The corfrol ama = prrvisor shaii complete ;
the biocks below aad describe the process ang or operations to be performed. emphasizing Revision 1

the povisrons for nuclear cnticali®y <atety or the reverse side of this page. This request [,
shall be approved by the Radiut:on Control Officers of the originating Ditision and the !"‘.J.";. 3”19-“

Divis;on's) te which fisstie mateniai wiil be traasterred. vy, d

~ TITLE. CONTROL AREA, AND SUMMARY OF BASIC CONTROL PARAMETERS

{To be compiered by the Control Area Supervisor)

TITLE fra sgfi®n g » ;00037 il-;!‘::::_ ‘T:;:t' ::!;:!-
In-Pile Capsule Shipping Cask 6=10~74 July 1,197

TIuTRg akga ’ TZOO0E Nz, ‘s.iLaNG BivisioN Tt
Hot Cell Operations ) ) 2: 00w Operations

. 1
"1‘ 7ORY OF MATERIAL t_Nonfueled and fueled (2?}}1, 2“‘SIJ, Th, Pu) experiments; solids o-

M CLMENT WL %

Normal to fully enriched.
TPERISOLATED BATIN OR UNIT - o

OF . :
FSSILE 1250 g. Also, if total is ) 80O g, linear density not to exceed 250g/:t.
|SOTOPES ~ TO-AL 70 BE PR3 ESSED ' T T B

Cencentzation ~ Dexsity
of Fissie Materiai

Soaci7g o Fissiie Units

Proxiruty and Tyoe ot Neulron Retleciors i i i
o Acy.zent Fissiie Materiai 10 in. of lead shielding around cavity.

Limit on Mcceratior

Lot on Ney-on Ansardess

Limet e Volume o Dimensions T T ST T
o Cantairers Cavity dimensions 4% ia. diam by 53 in. long.

;;|5 DEQ‘;rs‘ 'MODIFIES, PEP_A~ES NgR 5 SO Ed

342
REZOMMENDATIONS

iTo be ¢complered b, the Crricalirty Co-mirree’

This eadorsemenr 1s based on our presear uaderstanding af the operation cahether acquired serbadv arin writing) and s

subjrct 1o rview und  ancellation,

The Committee recommends approval nf this cask nnde. he condition that if the

mass loading exceeds 800 grams that the material will be so arranged that
the fissile loading will not exceed 250 grams per linear foot under normal and
accident conditions. This requirement restricts the contents to a safe mass per
foor for infinitely long water rcflected cylinders and ensures safety during
loading and unloading under water. The over-all mass limit of 1.25 kg of
fissile isotopes and the . -in. diameter render the cask safe against redistribution
of the contents in an accident.

AT .) //(_ / $/17/74

R.G.Affel for =sevie are
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PROVISIONS FOR NUCLEAR CRITICALITY SAFETY
(Te bo complered by the Centrol Ares Superviser)
Provisions for auclear caticality safety shall be descnbed below n accoedance with Appendices Il and HI of the AFC
Manual Chapter 0520. This shall include bnef descriptions of the process and or all operations to be performed. plans and
procedures for the operations for nuclear criticality safetv, and the basic control parameters.  Please attach 11 copies of

refecenced drawings and documents.

We request approval of this cask as a zeneral-purpose-use cask for fissile Class I
shipment of used reactor fuel elementa and irradiated experiments (fueled and nonfueled).
For example, for shipment of such items from other sites (such as EBR-II in Idaho) to
the ORNL hot cells for wmetallurgical examination; and, after examination, for shipment
of the sawe items to Savaanah River or Idsho for fuel recovery. Fueled experiments
have contained coated particle fuels of U, Pu, Th; clad oxide rods of U, Pu, Th;
molten salt (MSRE) fuels.

This carrier may be loaded and unloaded under water.

The loading of the cask will not exceed 1250 g ol fissile material (combinstions
of 233y, 2354, and plutonium)

In addition, if the loading exceeds 800 g, the material will be so arranged that
the fissile loading will not exceed 250g/per linear ft under normal and hypothetical
accident conditions.

Shipment will be by rail freight, motor vehicle, cargo aircraft, or ocean vessel.

This request 1s for use with a submission for approval by the AEC under the
requirements of AECM~(529 for offsite shipments.

ORNL
CRITICALITY COMMITTER

NSR 342
Revision 1

£1oi0AtiAN Oa-E

July, 1977
WAOIATIO LLONTROL GF €7CER TO1NISiON CONTROL AREA SUPFAVISAR Te:ipme
( J "(Lee& /g YT e p VO | 3. ng'
MADIATION CONTROL OF FICER : orgfsion ra- RADIA FION ZONTAOL nrr/:n ) foivisAn
|
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INTRA-LABORATORY CCRRLSPONDENCE

OAK RIDGC NATIONAL LAJORATORY

April 18, 1975

R. G. Affel

o)
o)

Fron: J. W. Wachter

|
Subject: MNuclear Safety of In-Pile Shipping Cask (NSR 3k42)

The Director’'s Review Committee on Transportation has noted in its review of

tho In-Pile Cznmle cask that the nuclear safety aporoval imposes a restriction

on the linear densiiy of fissile isotope in the caviiy of the cask. Although

the value of "safe mass per foot” used the nuclear safety analysis wa

derived from data 1n TID-7016, it does not appear explicitly. I havc therefore
used my notes on this review t© nare the following explanztion for inclusion

in your files as bacx-up for the SARP.

The restriction to 250 grams of Tissile isotope per foot was arrived at by
utilizing the relationzhip between Tiszile moterial soluticn density and

the dizmeter of the safe infinilely long water-rellected PJandcr. In the
attached figure, the safe cylinder dianmeters of TID-TC16 (Figurez 3, 7, ard
11) have been uced to calculate the mass of ficsile isotope in eacn centineter
length of the cylinder as a function of solution concentration. This "safe”
linear density passes through a minimun for cach isotope, 2né the lovwer

bsund of these is established by the Pu-239 isotope as 8.1 g/:m, or 0.25
xe/Lt.

Lo o
"-L\,./ FAZ Ay \ ‘™

ci; .'. Wachbter

..!

Enqlneerinr Coo.s~dinztior and
Analysis Section
Chcmical Technolopy Division

Jv e sd

Attachment

ce: J. il. Fvans
E. M. King

J. P. liichnls
Jevl File
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY
June 10, 1974

To: Criticality Committee

Subject: NSR 342, In-Pile Capsule Shipping Cask

This is a resubmission of NSR 342. The usage of this cask has

not changed. However, some wording was changed in relation to two
items:

1. Some wording was changed to emphasize that the cask is a
general-purpose-use cask.

2. Description of the loading (1,250 y total) was changed so

tuzt the 250g/linear ft applies only when the total exceeds
800 g fissile isotopes (233u, 235y, Pu).

-~
C ' I}? ' /I\/L"\,'\ ‘3
E. M. King /

LMK: jr

ce: J. A, Cox
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Appendix F

OPERATING PROCEDURES AND CHECKLISTS
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3026D Memo No. 17
3525 Memo No. 20

INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIOHAL LABORATORY

AugLst I3, 1971

To: 3026D and 3525 Cell emo b-oks

Subject: Casks Used for 0ff-site Shipment of Radioactive Materials

Shielding casks used for off-site shipment of radioactive material must
be DOT approved. The casks must be maintained in a good state of repair.
Inspection check lists have been made for use prior to each shipment.
Also, a more detailed inspection is scheduled on a periodic (approxi-
mately annual) basis and a check list has been made for this. Many of
the radicactive materials coming to NRNL are shipped by others (such as
Idaku Nuclear, Army) in our casks; loading procedures for Hot Cell Opera-
tions casks have becn developed for their use. These inspection check
lists and loading procedures follow and are a part of this memo:

1. Loop Transport Cask Inspection Sheet

2. Loop Transport Cask Annual Inspection Sheet

3. Loop Tramsport Cask Underwater Loading Procedure

4. Loop Transpcrt Cask Horizontal Loading Procedure

5. In-Pile Capsule Shipping Cask Inspection Sheet

6. In-Pile Capsule Shipping Cask Annual Inspection Sheet

7. In-Pile Capsule Shipping Cask Underwater Loading Procedure

8. In-Pile Capsule Shipping Cask Horizontal Loading Frocedure

0 J,—::j’\ Ll/é().d./

Operating Supervisor

Em . King

Department Superiniefddent

’,/Llfc,[c{

é;fgision Superintendent
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INPILE CAPSULE SHIPPING CASK
Inspection Sheet Cask Xo.

Dave

Prior te each shipwent, the following items shall b checked to ensure that
all parts are in good comdition, firmly attached, and cask is roperly sealed.

BEFORE LOADING

1.

Lower Cover End

a. Sealing.surface on cask and lower cover (item 24) in good
condition (visual check)

b. Gasket (item 25) in good condition
¢. Fire shield in good condition
d. Tamper seal holes in at Jeat two cap screws of firs <hield

Gate Section (item 9)

a. Sealing surfac: on cask and gate (lze- 9) in good condition
b. Gasket (item 5) in good conditiom

Upper Cover End

a. Sealing surface on cask and plug (item 19) in good condition
b. Gasket (item 22) in good condition

c. Fire ghield in good condition

¢. Tamper scal holes in at least two cap screws or fire shield

e. Ram plug gasket (item 26) :a good condition

IF(ER_LOADING

® ~N NN

10.
11.

Inspected by ' Approved by:

Gate (item 9) firmly seated and screws tight

Lower cover (item 24) seated and cap screws tight

Upper cover (item 19) seated and screws tight

Plug ram (item 18) {n oosition and holding bclt (item 21) tight

Pressure test: with 3 to 5 psl air on cavity of cask, scap bubble
check all gasketed flanges ior leaks:

a. No leaks at lower coYer (itesm 24)
b. No lcaks at gate (item 9)
c. No leaks at upper cover (item 19 and 21)

d. Pressure bled off and pipe plug and pipe cap of -pressure
test connection (item A) in place and tightened.

Upper and lower cover fice shields bolted securely in place
(12 cap screws in each end)

Carrier bolted securely to skid

Carrier has properly aithorized radiation tag showing carrier
meets shipping tolerance

Indicate
Satisfactory

with (v’)

i

(operator) (supervisor)
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19.

IN-PILE CAPSULE SHIPPING CASK

Anrual Inspection Sheet

Cask No.
Date:

——— e r v rem B P %

The following annual inspection shall be performed to ensure the cask meets

and maintains the requirements as specified by the DOT apprcval.

Annual in-

spection is to be performed by Hot Cell Operations and Inspection Engimeering
personnel.

1.

Prepare carrier for inspectioa. Carrier should be checked by Health Physics
so components handled are at acceptable radiation and contamination limits.

2. Lower Cover End'

a. Cap screws (item 3) and cap-screw holes
b. Gasket (item 25)

C. Gasket sealing surface on carrier

d. Lower cover (item 24) sealing surface

e. Gate lock plug (item 15) slides f;;ely into
position into cavity

f. Lower ccver (item 24) slides freely into position
and seats firmly against carrier

g. Lower cover fire shield, cap screws, and cap screw
holes

Gate section (item 9)
a. Gasket (item 5)
b. Cap screws (item 3) and cap screw holes

c. Gate (item 9) lifts and closes freely

Upper Cover End

a. Gasket (item 22)

b. Cap screws {item 2%) and cap screw holes

¢. Upper cover seating surface

d. Gasket seating surface on carrier

e. Upper cover slides freely and seats firmly in carrier
f. Ram plug gasket (item 26)

g. Ram plug bolt  item 21)

h. Ram plug (item 18) slid?s freely through cavity
of carrier

i. Lower cover fire shield, cap screws, and cap screw
holes

Visually inspect all welds for cracks ard othcx damage

®
2

T

[T PR

Condition

BRREN:

RN
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Reassesble ‘omponeats of carrie-, when they meet acceptable
standards. Apply 3 to 5 psi pressure test on cask cavity.
Soap-bubble check for leaks at all gasketed areas. Make
any necessary repairs in a manner to assure that carrier can
be successfully leak tested comsistently.

All needed recairs and final itfspéc: ion completed. Cask
deemed to be ia good condition and cirtified for use by

Condition
Good Bad
Hot Cel]l Operator Date
{(Inspection Emgineering Dept.) Date
{(Hot Cell Operations Supv.’ Date
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ORNL Contact: OAK RIDGE XATIORAL LABORATCRY
E. M. King or A. A. Walls
FTS 615-483-1672 IN-PILE CAPSULE SHIPPINGC CASK
Comm Tel. 615-483-8611

Ext. 3-1672

INSTRUCTIONS FOR UNDE"-WATER LOADING

DOT Special Permit SP-5907 Assenbly Dwg. No. M-1116S-EL-005D
Weight: 16,000 Ib- Cavity 4 1/4 in. diam x 58 in. loag

Normally, the cask is loadeé in a peol vertically with the upper cover at the top
and lower cover and gate at the Lottom. Refercnces are made to Schematic M-11165-EL-010A.
(He normally leave the cask attached to the skid for loading and unloadirg; hkowaver, il
handling under your conditions is easier, the cask may be recoved trom the skid.)
1. Remove firz shield on each end of cask (12 screws on each end).

2. Remove cap screws (item 3) from the lower cuver (item 24).
3. Pull lower cover out approximately 3/4 in. (It is limited by a mechanical <top).

4. Rotate lower cover 99° counterclockwise. The arrow on the plug w:ll be aligned
with "Insert or Remove" arrow on cask.

5. Pull cover (item 24) and gasket (iten I5) straight ouc. (This allows the cask to
drain wh. o it is removed from the z>o0l.)

6. Tilt the cask to the ver'ical position and move it to the nool.
7. Remove the cap screws (item 29) that hold the upper cover (item 19) before
lowering the cask iato tae pool.

8. Lower the cask into the pool ind remove upper cover (item 19) and plug ram
(item 18). Keep track z£f che gasket (item 22).

9. Lift liner out by the bail; remove lid from jiner.

10. Load irradiated materiais into the lirer.

11. Replace lIid on liner.

12. Load liner with the irradiated materials ‘nto the cask.

13. Replace the gasket, plug ram, and upper cover; raisc the cask until the cap
screws can be installed.

14. Install the cap screws to hcld upper cover in place.
15. Raise the cask out of the pool and allow it to draia.
16. Move the cask to the shippineg arca and tilt it to a horizontal position.

17. 1Insert lower cover with arrow aligned with "Insert or Remove” mark on cask
until "dog" on lower cover rgrages in hole of Gate Lock Plug (item 15).

18. Rotate low~r cover 907 clockwise (uatil arrow on plug is aligned with "Ship”
position mark on cask.)

19. Push lower cover in wntil it scats. Replace cap screws.

20. Perform a Radiation Survey to determine the acceptability for shipping and
decontaminatc as needed.

2]1. keplace firc shiclds on cach end (12 screws on each cnd).

2. Install tamper wires through holes in cap screws of fire shicld on each end of
the cask.
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‘E. M. King or A. A. Walls )
FTS 615-483-1672 OAK RIDGE-nATIOMAL LABORATORY

Comm Tel. 615-483-8611

IN-PILE CAPSULE SHIPPING CASK

Ext. 31672
INSTRUCTLONS FOR HORIZONTAL LOADING
0T Special Permit SP-5907 . Assembly Dwg. No. M-11165-EL-005-D
Weight 16,000 1b. Cavity &4 1/4 in. diam by 58 in. long

These instructions are for horizontal loading of the shielded cask at facilities

equipped. for horizoncal port loading. The skid may be removed or left attached depemding
aupon vhich is easier at your facility.

1.
2.
3.

4.

5.
6.
7.

8.
9.
10.

11.
12.
13.
14.
15.
16.

17.
18.
19.

20.

1.
22.
23,

Remove fire shield on each end of cask (12 screus on each end).

Remo';e the cap screus (item 3) from the lover cover (item 24).

Pull lower cover (item 24) out approx. /4 in. (It is limited to a wmechanical stop.
This operation also pulls gate lock plug (item 15) from cavity of the cask.)
Rotate lower zover 90° counterclockwise. The arrow on plug will be aligned with
"Inser. r Remnve”™ arrow on cask. ’

Pull cover (item 24) straight out with gasket (item 25).

Remove cap screvs (item 3) from gate (item 9).

Make sure gate lock plug (item 15) has not shifted toward cavity of cask; it was
automatically retracted in Step 2 from cask cavity and should remain in that position
wh:n lifring gate. Lift gate and gate lock plug (item 15) umtil 5/8 in. diam through
ho e is visible. 1nsert 1/2 in. diam rod to hold gate open.

Move cask into position at loading port.

Open loading port into cell.

If empty linmer is in the cask, remove bolt (item 21) and gasket (item 26) withk holds
upper cover to plug ram (item 18). (If liner is attached to cask rather than inside
cask, Steps 10 to 12, may be omitted, and the liner placed in the ceil in a separate
operation.)

Using special push rod, attach to plug ram and push empty liner into cell.
Retract plug ram and replace gasket and cap screw (item 21).

Remove lid from liner.

Load material to be “ipped into liner, and replace 1id on liner.
Remotely push linmer iii: cask; ensure !{ner clears gate,

Remove rod from through-hole in gate, lower gate and gate lock plug into position
and secure with cap ccrews.

Close cell loading port and move cask awsy from loading port.

Insert lower cove: and gasket into carrier with arrow aligned with "Insert or
Remove” mark on cask until "dog" on lower cover engages in hole of gate lock plug
(item 15%.

Rotate the lower cover 902 clockwise (until arrow on plug is aligned with "Ship"
position on cask).

Push lower cover in until flange seats and replace cap screws.

Perform & radistion survey to determine the acceptability for shipping,
decontaminate ss needed.

Replace fire shield on each end of cask (12 screws on each end).

Install tamper wires through holes in cap screws of fire gshield on each end of the cask.
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s 15) COVER-UPPER

CASK _CROSS SECTION
PLUGS REMOVED
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W26D Mewmo No. 21
3525 Mewmo Mo.. 26

) INTRA-LABORATORY CORRESPONDENCE

N - (OAX RIDGE MATIONAL LABORATORY
£ o . April 22, 1974

To: Rot Cell Mewmo Book

o Subject: Preparstion of Rsdicective Materials Packsging Information

for Offsite Shipuents
* .

«

- Yora "Osk Ridge Nstional Laborstoty Radicsctive Materisls Packaging
= Information™ mast be prepered for sll offsize shipments contasining greater

thau one sillicaris alphs or thres curies bets-gsmms solid, 1liquid, or gas.
The person requesting the shipment wust furnish sud certify the informacion
rcqnnl:ul onder Censry: Informmtion, Radicective Contents, and Shipping

4 Contsiner, We must furwish ud certify the informstion requested under

re - - Internal Comtainer and Externsl Container, except for the t-an seal.
: - Heslth Physics will provide :hu Rediation Survey.

‘e The filled-in (to this point) forwm is to be trarsmi-ted to the Isotopes
e Sees Dapt. in cthe Isotopes Division -- along with the losded concainer.

The Isotopes Division is responsible for providing the tamper seal
arranging tie-down iupc:in, and final approval of the shipment.

A copy of the form i3 attached.

N ' P L Lee (el

Opersting Supervisor Operating Supervisor
L ] ' g -
| E.m. /*/wt/;
e Depertesnt Supt. / Diyision Supt.
|
i
P
. 3 ,
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OAK RIDGE RATIONAL LABORATORY RADIOACTIVE MATERIALS PACKAGIRG INFORMATION

THIS FORN Iy REQUIKSD FOR AL SHIPQE XTS GREAIFR 0N T W LICURIE ALPHNOR § CURIES
BETVCANN A M D, LR ID. OR GAS AND VI EWPIY RETURNABLE CONT UNERS

GEAERAL MFORMATION

}. Ongwm (Drvissea) 2. Drztiaatren

1. Siethed of Transyert 3 Woerght

5. Sprcwa! lnstrections

Lo 22 Bratran s Tomplied b

- BADIOACTIVE CONTENTS

1. All majev xciviiIes ;s curtes and/or grams

2. Sproily (s D Momat Forma ‘b : Special Form Spec:al Fore N
() E Fissile {6 D Nen-Frssle
3 Redreactive Ratersl Form: [ Selid ™ Liguue C G
3. Hest Loed (watisy: Colculated Estimated By
SHIPPING COMTAMER

1. Certificaze 3 Compliaame ¥n. USA- —_

2. DOT Soecification Ne. 1. Nwilcar Salety Rev:iex No.

3. Comtainer écternmed praper for contents by Dave

MTERNAL CONTANER
I. Imtemai Contscmment: [ Glass Bomie L Plastic Butis  _ “JW°  __ C-aesesr i Welded Caprule isgerity
! eral)
D Oxhver (explam) —

2. Comtarunation level on mtemal comtaner: Esnimated Srreared
Ra-listion ievel (rom iatemal cortmner: Mcasured Calclated
Gashets or scals (valves) properly mstalied By

5. Leak tests of atemal ¢ ' By _

EXTERMAL CONTAINER
~ . —
1. Moderstor and nestron absorber present for ficsrie mairnal - Yoo . Bv
3. Extemsl c e tion T Yes — By
— 5 —

1. Geskets or seals properiy inscalied L Yes = B

5. Leak test T ves — 8

5. Bolts torgeed In ft. the. 1,3

. Tie down te sked ¢ seched C:‘ Yes nx

- = —
7. Temper ceal stalicd L Yes ™
8. Lo eyc hoft removed ord vired 1o the wicide of the oty | Voo B
RADIATION SURVEY

1. Surfece contaminetion fevrl:  Alpha | e VPR, e tom

2. Extemal cadin 1ton lreel meem e d comtect

. Domgatic o ~ N mrem e 4 3 {1 from surface

b, Forcign alapmemts - mrem he ¢ | metes from craler

4. Hesith Phyaics Sunevnr Dte

TAUCK TE-DGWH AND SHOMNG

1. Ticedawn and  honny s accordant © with SARF anel Drevipnrd fayout theasd in
tInype rtrom Engincening)

\pment Approved By o T T Ipate
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