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SAFETY ANALYSIS REPORT FOR PACKAGING:
THE ORNL LOOP TRANSPORT CASK

J. H. Evans K. K. Chipley H. A. Nelms
W. K. Crowley R. A. Just

ABSTRACT

This document contains an evaluation of the ORNL loop
transport cask, demonstrating its compliance with the
regulationsl'3 governing the transportation of radiocactive
and fissile materials. A previous review of the cask is
updated to demonstrate compliance with current regulations,
to present current procedures, and to reflect the more
recent technology.

0. GENERAL INFORMATION

0.1 TIntroduction

The ORNL loop transport cask was designed by members of the Design
Department in the Engineering and Mechanical Division at 0Oak Ridge
National Laboratory, and it was fabricated in the ORNL shops in 1956,
The original cask was modified and upgraded in 1968 to bring it into
compliance with the regulations.l™3 The cask is scheduled to be modi-
fied upon approval of this document by the Oak Ridge Operations Office
(ORO) of the Department of Energy (DOE). The modifications are the
addition of a name plate, a fire shield, and the strengthening of the
top lifting eyes to meet tie-down requirementé. All engineering and
analysis and logic, put forth by this SARP, reflects all modification to
be made to the cask. Copies of the "as-built'" drawings of the cask are
presented in Appendix A. The modified cask design and this safety
analysis report for packaging (SARP) have been reviewed and approved by
the ORNL Transportation Committee and the Oak Ridge Operations Office of

DOE. Copies of the approval documents are contained in Appendix B.



0.2 Package Description

The structural features, operational features, and intended contents

of the ORNL loop transport cask are described in the following paragraphs.

0.2.1 Packaging

The ORNL loop transport cask is shown in Figs. 0.1 and 0.2, and the
design drawings are given in Appendix A. The cask is basically a right
circular cylinder with an outside diameter of 24 in., an overall length
of 90 in., and a weight of 16,000 1b. The inner cavity of the cask is
lined with 1/8-in.-thick stainless steel, has a diameter of 5-3/4 in.,
and is 68 in. long. Biological shielding is provided by lead with a
minimum thickness of 8-5/16 in. The external cylindrical shell of the
cask consists of a length of 24-in. sched-40 carbon steel pipe 0.69 in.
thick. The ends of the cask are flat plates of carbon steel.

Access to the inner cavity is attained by means of a stainless-
steal~coveraed lead plug at each end of the cask. However, the shielding
at one end of the cask is in the form of a sliding door, and it is this
end of the cask that is normally used for cask loading and unloading.
The plugs at both ends of the cask and the cover for the sliding-door
housing are provided with neoprene gaskets and bolted in place, and
access is achieved by remcval of eight 1/2-in.-diam cap screws holding a
plug in place. The only other cask penetration is a pressure~test tap
located in the sliding-door housing. The closure for the pressure-test
penetration is a 1/4~in. pipe plug that is protected from damage by a
threaded pipe and pipe cap.

The ORNL loop transport cask is compact and, with respect to prac-
tical dynamic comsiderations, is a rigid body. External structural por-
tions of the cask include the sliding-door housing, transport skid,
lifting eyes, and the fire shield. The sliding door normally used for
cask loading and unloading is a shield block which slides in a housing
external to the outer shell of the cask, as illustrated in Fig. 0.3.

The sliding-door housing is perpendicular to the axis of the cask and

extends 7 in. beyond the outer surface of the cask. This protuberance
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is designed in such a manner that damage is highly unlikely during
normal operations.

The transport skid is a structural steel frame bolted to the cask.
The skid can also be bolted directly to the bed of a truck or rail car.
This skid can be removed from the cask to facilitate on-site handling
and maintenance. Lifting eyes are located on the top of the cask.
Tension members can be attached to the top lifting eyes to tie the cask
down. The cask is essentially enclosed in a fire shield constructed
primarily from hot-rolled steel sheet and coated with intumescent paint.
The function of this shield is to protect the cask if it should be
exposed to a fire or other source of external heat. Removable end

covers in the shield facilitate loading and unloading of the cask.

0.2.2 Operational features

No special tools are required for operation of the ORNL loop trans-
port cask, and no special valving or instrumentation is needed. The
cask has three "moving' parts: the two end plugs and the sliding door
used for loading and unloading. The cask is remotely loaded and un-
loaded while underwater, in a hot cell, connected to a hot-cell transfer
port, or by other means. Underwater loading and unloading is via the
cask access plug with the long axis of the cask in a vertical orienta-
tion. All water in the cask is drained and purged prior to shipping.
Dry loading and unloading is usually accomplished via the sliding door
with the long axis of the cask in a horizontal orientation. Tools used
to assist in loading and unloading can be inserted through the cask
access plug. The cask is lifted in a horizontal attitude by using the
two lifting eyes on its top. The trumnnions on the access-plug end of
the cask are used to lift the cask in a vertical attitude. The skid is
used for all modes of transport but may be removed for loading and on-

site handling.

0.2.3 Contents

The ORNL loop tramsport cask is approved for Type B and large quan-

tities of radioactive materials and Fissile Class I shipments. The



contents of the cask are limited to solid materials. These include
spent treactor fuel, irradiated experiments, and other solid radiocactive
and fissile materials. Typical spent fuel contents include coated
particles of U, Pu, and Th; clad oxide rods of U, Pu, and Th; and
solidified molten-salt fuels. Other radiocactive materials which have
been shipped in the cask include Be0; silicates of Nb, Ti, Ta, and Zr;
nitrides of Zr, Nb, Ta, and Ti; carbides of Zr, Nb, Ti, and W; and
metallic specimens. Such materials are either encased in unbreached
metal cladding or in a 2R container." The contents of the cask may also
be special form materials. The weight of the intended contents and the
inner containment vessel or vessels will not exceed 150 1b.

Radioactive materials transported in the ORNL loop transport cask
are limited to quantities that will result in radiation levels equal to

3 Fissile material is limited

or less than allowed by the regulations.
to 1250 g per shipment. 1In addition, if the total quantity of fissile
material exceeds 800 g, the distribution of this material is limited to
250 g/linear foot. All fissile shipments are Class I. The internal
heat load of the cask is such that no external cooler is required. Thus,
there are no penetrations for coolant and there is no pressure relief
system. The decay heat is limited to 500 W when shipment is by common
carrier and to 1000 W when shipment is by exclusive-use vehicle. These
limits were set to conform to the requirements of the regulations rela-
tive to accessible surface temperature. Heat generated by the contents
of the packaging is conducted through the walls of the cask and then

convected and radiated to the atmosphere.

1. STRUCTURAL EVALUATION

Calculations, test results, and engineering logic are presented in
succeeding subsections to demonstrate that the ORNL loop transport cask
complies with the applicable structural requirements of the resg,ulations.l'"3
The effects of both normal and specified hypothetical accident conditions
on the structural integrity of the package were considered, and other
factors deemed pertinent to the safety and operability of the package

were also considered.



1.1 Weights and Center of Gravity

The ORNL loop transport cask weighs 16,000 1b exclusive of any
intended contents. The maximum weight of the intended cask contents and
inner containment will not exceed 150 1lb. The sliding door normally
used in cask loading and unloading weighs 485 1b, and the door plug
weighs 92 1b. The access plug in the opposite end of the cask weighs
177 1b. Although there are minor differences in the masses of the
access plug and the door plug, the design of the door is such that no
significant imbalance exists., The cask is essentially symmetrical with
respect to its principal axis. The lifting eyes on top of the cask are
located so that the cask can be leveled precisely, if necessary, with

minor adjustments of sling lengths.

1.2 Mechanical Properties of Materials

The ORNIL loop tramsport cask is constructed of low-carbon mild
steal, type 304 stainless steel, and cast-in-place lead. The steel is
specified on the drawings as "steel," "mild steel,” "HR steel," etc.

The static mechanical properties of the materials in the cask, given in
Table 1.1, were used to effect conservative analysis solutions. The
properties of stainless steel were published by the Tnternational Nickel
Company,5 and the properties of the low-carbon steel and lead were taken
from Machine Design® and the Manual of Steel Construction.’

The programs used to estimate the response of the cask impacting on
the corner and side are based on the assumption that the cask is con-
structed of ideally plastic materials. An ideally plastic material is
one which has a constant value of stress for all strains. It is recog-
nized that normally used cask materials do not behave in this manner.
However, conservative solutions can be affected if care is used in
selecting the material property constant, dynamic yield stress or
specific energy, and in interpreting the results. To accomplish this
objective, numerical values for ideal dynamic yield stress of specific
energy which bound the real stress-strain curve must be selected. The

lower value will result in a calculated deformation greater than actual.



Table 1.1. Static mechanical properties of cask materials
304L Low-
stainless carbon
Property Symbol steel steel Lead
Yield stress, psi ) 30,000 30,000 2000
Ultimate tensile o 75,000 60,000 2500
strength, psi
Modulus of elasticity, E 29 x 10° 29 x 10° 2 x 108
psi
Elongation, % 40 40 45
Density, 1b/in.3 0 0.283 0.283 0.41
Maximum allowable shear = T 15,000 15,000 1000
o /2, psi max
y
Coefficient of expansion, o 9.2 x 1005 6.5 x 107° 16.3 x 10~°
in./in. per °F
Ultimate shear stress, TV 61,000 45,000
psi
Allowable bearing stress o} 48,600

The higher value will result in calculated accelerations of greater
magnitude than actual.

The dynamic properties of lead reported by Evans® were used in the
impact analyses. The reported8 dynamic compressive stress-strain prop-
erties of lead are illustrated in Fig. 1.1, which supports selection of
the upper and lower values of 14,000 and 6000 psi, respectively, for the
ideal dynamic yield stress used in the impact calculations. The volu-
metric expansion properties of lead reported by Shappert9 were used to
evaluate the effects of thermal gradients. Figure 1.2 is reproduced
from Shappert's report.

The dynamic tensile properties of stainless steel and mild steel

reported by Clark!® are reproduced in Figs. 1.3 and 1.4.
11

The dynamic

compressive properties reported by Evans, 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 vield

stress or specific energy for mild steel for those techniques employing
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this concept, as discussed previously for lead. In all impact analyses,
it is assumed that the materials are incompressible.
The dynamic properties of threaded stainless steel fasteners

reported by Cannon??

were used in the impact analysis of the closures.
Commercial stainless steel bolts and cap screws in the size range of 3/8
to 1 in. were impact tested by Cannon, and the dynamic stress of these
fasteners ranged from 75,000 to 104,000 psi, while the ultimate stress
ranged from 95,000 to 150,000 psi. The wide variation in properties is,
to a great extent, due to the difference in manufacturing methods. The

lower values were used as failure criteria in these analyses.

1.3 General Standards for All Packaging

The general standards for all packaging cover the chemical and
galvanic reactions of the materials of the package, closure of the
package, and the lifting and tie~down devices for the package. No
chemical or galvanic reactions between the materials from which the
ORNL loop transport cask was fabricated and the materials of the cask
contents have been experienced to date. The materials shipped are dry
solids, and all internal surfaces which might come into contact with
these materials are of stainless steel. The external surfaces of the
cask are primarily carbon steel, and the integrity of the external
surfaces is maintained by the application of a rust-inhibiting primer
coat and two finish coats of intumescent epoxy at regularly scheduled
intervals.

The standards specify that the package be equipped with a positive
closure that will prevent inadvertent opening. The cask access plug,
door plug, and cover in the sliding-door housing are secured with bolts
and qualify as positive closures.

The requirements for the package lifting, 1id 1lifting, and tie-down
devices and the means for complying with them are discussed in detail in

the following subsections.
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1.3.1 Package lifting devices

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 its yield strength.
There are two sets of devices that can be used to 1lift the ORNL
loop transport cask. Two lifting eyes are attached by weld joints to
the top of the cask, and a cylindrical lug is located on each side of
the cask perpendicular to its principal axis. The two lifting eyes on
the top of the cask are normally used to 1lift the cask with its principal
axis in a horizontal attitude, and the cylindrical lugs are normally

used to lift the cask with its principal axis in a vertical attitude.

1.3.1.1 Horizontal lifting eyes. The two lifting eyes on the top

of the cask were fabricated from carbon steel plate and attached to the
outer shell of the cask by means of a series of welds. Three possible
failure mechanisms for these lifting eyes were considered: (1) failure
of the plate in which the eye is located, (2) failure of the weld joint
which joins the eye plate to its base plate, and (3) failure of the weld
joint which joins the bage plate to the outer shell of the cask.

(a) Failure of eye plate. To obtain conservative results, the eye

plate was assumed to have the shape indicated by the dashed lines in

Fig. 1.7. For this geometry, the maximum tensile stress in the plate is

determined by using the following equation:13
8F
9 = (o) mér t 1.D
o
where
o, = tensile stress (psi),

a = a constant = f(ro/ri, 9),

o
i

- applied force assumed to act as shown in Fig. 1.7 and equal
to one-half the weight of the loaded cask multiplied by a
load factor of 3 = (16,150/2)(3) = 24,225 1b,
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r, = outside radius of eye plate = 4.25 in.,
r, = inside radius of eye plate = 1.5 in., and
t = thickness of eye plate = 2 in.

In the model illustrated in Fig. 1.7, the maximum stress will occur on
the inside radius of the eye plate when the sling angle 8 = 90°. How-
ever, since the design of the actual plate at that point is overly
conservative relative to the assumed model (indicated by the dashed
lines), the model was evaluated for the stress occurring on the inside
radius when the sling angle 6 = 0°. At this position, the constant!3

o = 1.7, and the maximum tensile stress

s = 1.7 .8(24,225)

¢ ;QTZT§§$?§S'= 3927 psi .

This value is less than the yield stress of the material from which the
eye plate was fabricated, and it was concluded that the plate will not

fail as a result of horizontal lifting of the loaded cask.

(b) Eye plate weld joint. The notations of detail A in Fig. 1.7

were used to evaluate the possibility of failure of the weld that joins
the eye plate to its base plate. The tensile stress at M-M is given by

the equation

9% % area  2Ib ° (1.2)
where

L = length of weld = 12 in.,

b = width of weld at its base = 1 in.
Therefore,

24,225

o, = mz 1009 psi .
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The shear stress is given by

T = F/2g ,
where
g = height of weld,
» 24,225 - ,
T A/ 2018 psi .

These values are less than the allowable, and it was concluded that the
weld joining the eye plate to its base plate will not fail as a result

of horizontal lifting of the loaded cask.

(c) Base plate weld joint. The notations in details B and C illus-

trated in Fig. 1.7 were used to evaluate the possibility of failure of
the weld that joins the 1ifting eye base plate to the cask. The tensile
stress at N'-N' in detail B is given by the equation

F F

9% T area  2()(L ¥ a) ° (1.3)

where

e = width of base of the weld = 1 in.,

nd
il

length of base plate and weld = 12 in.,

width of base plate = 4 in.

»
1§

Therefore,

_ 24,225
t 202+ &)

o} = 757 psi .

To determine the stress in the weld resulting from the edge moment, the

4- by 12-in. base plate was assumed to be a uniformly loaded plate with

14

fixed edges, and the following equation-* was used to evaluate the

maximum moment:

- 2
Mmax Bqa® , (1.4)
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where
M = maximum unit area moment (in.+lb/in.),
max
B = a constant dependent on the ratio of the len§th (L) to the
width (a) = 0.083 for the plate in question,l"
q = load per unit area = F/(La),
a = width of plate = 4 in.
Thus,
- 24,225 2
Mmax = (0.083) 12(4) (4)

670 in.-1b/in.
With reference to detail C in Fig. 1.7, the bending stress in the weld

S 670(0.5) (12)

o, = ¥Mc/I + % T3z T s 1?3 (1.5)

= +4020 psi .

With reference to detail B in Fig. 1.7, the maximum tensile stress in
the weld as a result of bending is at point x, the maximum compressive
stress from bending is at point y, and the bending stress at z is zero.
The maximum stress at point x is

Gmax = Gt + Ob = 757 + 4020 (1.6)

it

4777 psi .

The shear in the weld is given by

TE2700@ + a)

~ 24,225
T 201/2) (12 + 4)

= 1514 psi .

These stresses are less than the yield strengths of the materials in-

volved, and it was therefore concluded that the lifting eyes on the top
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of the ORNL loop tranmsport cask comply with the requirements of the

regulations governing package lifting devices.

1.3.1.2 Vertical-lifting trunnions. A 3.25-in.-long trunnion

with a diameter of 2.75 in. is located on each side of the cask. These
two trunnions can be used to rotate the cask from a horizontal attitude
to a vertical altitude and to lift it vertically. The trunnions are
braced with plates, as shown in Fig. 1.8, in such a manner that the
approach used to analyze them as lifting devices was similar to that for
a propped beam. The deflection (A) of the unrestrained end (the left
end in Fig. 1.9) of the beam (2.75-in.-diam bar) is numerically equal

to the elastic elongation of the 5 x 6 x 0.5 in. plate or bar securing
the left end. The elongation of this bar is given by the following

equation:
o
A= ¢l = F—(l) = = (L.7)
where
A = elongation (in.),

¢ = strain (in./in.),

% = length of bar = 5 in.,

g = stress (psi),

E = modulus of elasticity = 30 x 10° psi,
R = reaction (1b),

A = cross—sectional area of the bar

0.5(6) = 3 in.?2.

1)

Therefore,

- R5 _ R
3(30 x 10°) 18 x 106

The beam can be considered as two beams loaded as shown in Fig. 1.9. By

the principle of superposition,
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A= AR - AP with + positive . (1.8)

When expressions published by Singer15 are substituted for AR and AP’
Eq. (1.8) becomes

RL3  5PL3
38T ~ 48EL ° (1.9)

where

L = length of beam = 3.25 in.,

I = moment of inmertia (in."),

P = applied load = 1.5 times weight of loaded cask
= 24,225 1b.

Substitution of the expression for elongation of the bar from Eq. (1.7)

into Eq. (1.9) yields the following expression:

2 - 3EIR _ 5P
(18 x 109)(L)3 16 °
3EI _ 5P
K {1 "~ {8 x 106)(L)3} " 16

Rearrangement of terms to solve for the reaction {(R) yields the expression

R = 2k ] (1.10)

16ll - 3EI/(18 x 106)(L)3]

The moment of inertia

4 4
=" - “(1'275) = 2.8 in.". (1.11)

Therefore, the reaction

5(24,225)
161~ 3(30 x 108)(2.8)/(18 x 106)(3.25)3

U

12,784 1b .
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The tensile stress in the plate bracing the trunnion is

o, = R/A = 12,784/3 = 4261 psi . (1.12)

The bending moment (M) at the cask wall

M = g&._ RL (1.13)

_ 24,222(3-25) - 12,784(3.25)

= -=2200 in.<1b .

From the summation of vertical forces, the reaction at the cask wall

(V indicated in Fig. 1.9) is

V=P-R = 24,225 - 12,784 = 11,441 , (1.14)

and the bending moment in the bar at L/2 is

M= (VL)/2 = [11,441(3.25)]1/2 = 18,592 in.*1b . (1.15)

The maximum bending stress (ob) occurs at L/2 and is given by the

following expression:

_ MR _ 18,592(1.375)
o =T < 5.8 (1.16)

fl

9130 psi .

The maximum shearing stress occurs at the neutral axis, where bending is

zero. This stress in a circular beam is given by the following equation:15

~
i

P
(1.38) a3 (1.17)

24,225
m(1.375)2

il

(1.38)

il

5628 psi .
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Since these stresses are less than the allowable, it was concluded that
the trunnions comply with the requirements of the regulations governing

package lifting devices.

1.3.2 1Lid-lifting devices

The regulations require that if there is a system of 1lifting
devices that is a structural part of the 1id only, this system shall be
capable of supporting three times the weight of the 1id and any attach-
ment without generating stress in any material of the lid in excess of
its yield strength. It is further required that unless rendered useless
for lifting during package transport, the lid-lifting or any other
system of lifting devices shall conform to the requirements in the
package lifting system.

The ORNL loop tramsport cask has one lid-lifting device, the handle
on the access plug, and one device that might be misconstrued as a
lifting device, the handle on the door plug lock at the opposite end of
the cask. Both of these devices are covered by the fire shield, as
illustrated in Fig. 0.1, during shipment and are therefore rendered

useless for lifting of the entire package.

1.3.2.1 Access-plug handle. The handle on the access plug is a

180° segment of a ring made from bar stock with an outside diameter of
3/4 in. This handle is welded to the end plug, as shown in Fig. 1.10.
The access plug weighs 177 1b, and the force on the handle during plug
lifting

F 3W = 3(177) = 531 1b . (1.18)

il

The maximum bending moment in the ring is at the point of loading, and

it was determined by using the following equation;16

M = 0.3183FR , (1.19)
max

where

2]
#

force on the handle = 531 1b,

s
]

radius of handle ring = 2.375 in.
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Therefore,

M = 0,3183(531)(2.375) = 401 in.-1b .
max

From the flexure formula, the maximum bending stress at the point of

loading is

Mc  32M 32(401)
_ _ max

% max I~ wd3 7(0.75)3

(1.20)

9682 psi .

The equation published by Singer15 was used to determine the maximum
shear stress in the plug handle:

F _ 1.38(531)

(1.38) mr2  w(0.375)2

—
i

(1.21)

i

1660 psi .

The bending moment in the ring at A-A indicated in Fig. 1.10 is
Mm 0.1817FR = 0.1817(531)(2.375) (1.22)
229 in.+1b ,

il

it
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and the bending stress

32M  32(229)
b~ wd3  71(0.75)3

o = 5529 psi . (1.23)

The direct tensile stress in the weld joint is given by the following

equation:

o = AEL2) ‘ (1.24)
where f (indicated in Fig. 1.10) = 0.25 in. Therefore,

_ (531/2) _ .
O T 3700.75)(0.25) - 225 psi .

The maximum stress in the plug handle

max Ob max (1.25)

il

9682 psi .

These stresses are well below the yield strengths of the materials
involved. It was therefore concluded that the access-~plug handle con-
forms to the requirements of the regulations governing lid-lifting

devices.

1.3.2.2 Door plug lock. The door plug lock, illustrated in Fig.0.3,

serves as a closure for the cavity on the sliding-door end of the ORNL
loop tramsport cask. The door plug lock is a tool used to position the
door plug. It is not used to actually 1lift the door plug. The handle
on the exterior of the door plug lock is fabricated of stainless steel
bar stock with an outside diameter of 5/8 in., and it is attached to the
stainless steel plug lock with four 5/16-in.-diam stainless steel machine
screws, The location of these screws is easily identified as the "weak
1ink" in the design of the door plug lock. The four screws are located
so that two of them are loaded significantly before the other two begin
to share the load. Thus the load handling capacity of the handle on the
door plug lock is governed by the pullout or breaking strength of two of

the 5/16-in.-diam screws.
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The load shared by the two screws is
P=3W= 3(92) = 276 1b , (1.26)

where W = weight of the plug. The shear area (As) for one 5/16-18NC

internal-thread screw is 0.6036 in.?2

per inch of thread engagement.
Since the thread engagement length (L) is 0.25 in., the shear stress on

the threads of the two screws is given by the following eguation:

__ P _ 276
"7 24 L 7 7(0.6036)(0.25) (1.27)
= 915 psi .
The tensile stress in the screws is given by the equation
— l.
o, P/2At . (1.28)
where
At = gtress area of one 5/16~18NC screw
= 0.0524 in.?2 (ref. 17),
Ot = 276/[2(0.0524)] = 2634 psi.

Since the tensile stress is less than the 30,000-psi yield strength of
the 300-series stainless steel and since the shearing stress is less
than half of the yield strength, it was concluded that the door plug
lock complies with the requirements of the regulatious governing lid-
lifting devices. If under extreme loading the lid-lifting device
failed, the damage would be local and would not impair the function of

the cask.

1.3.3 Tie-down devices

If there 1s 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 compomnent along the direction of travel
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of ten times the weight of the package and its contents, and a hori-
zontal component in the transverse direction 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 ithe regulations.

The ORNL loop transport cask is tied down for transport as shown in
Figs. 1.11 and 1.12. Tension members are attached to the cask-lifting
eyes and secured to the bed of the transporting vehicle. The base of
the cask can be chocked or restrained in any direction. Although restraint
of this type does lessen the load on the cask-lifting eyes, it is not
required for stability. The effects of such restraints were neglected
in this analysis, in which the principle of superposition was used. The
load in each tie-down member resulting from individually applied loads
wasg calculated first. After those tension forces were found, the results
were added to obtain the load resulting from the simultaneous application
of the three acceleration loads. For these calculations, the tie-down
members were assumed to be rigid, massless rods. 1If a calculation
resulted in compression loading in a member, that member was removed or
disregarded and the calculation was repeated. With reference to the
notation in Fig. 1.11, general relationships applicable to the components
of force on the cask~lifting eyes and the tension (T) in the tie-down

cables are as follows:

F, = T(H/L) , H/L = 1/31/2,
F,= T(I/1) , /L = 1/31/2,
F o= T(J/1) , J/L = 1/31/2,

The 5W side-load case (illustrated in view B of Fig. 1.11) was
analyzed first. When the system was analyzed with both P; and P, as
active members, P; was calculated to carry a compressive load. Since P,
is a cable member and cannot sustain compression, the calculation was

repeated without Py. To avoid overspecification of the system, the
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distance B to the point where the lecad is applied is a variable. Sum-

mation of the horizontal forces yields

Po(cos ¢) - SW =10 . (1.29)
Summation of vertical forces yields

-P5(sin ¢) + F; =0 . (1.30)
Summation of moments about the plane q-q (view A in Fig. 1.11) yields

5W(15) - F;(B) =0 . (1.31)

Solution of Egqs. (1.29), (1.30), and (1.31) for the unknowns L, B, and
P, yielded the values

F' = 5W,
n
= 15 in.,
Py, = 7.071W,
where W = weight of the loaded cask. The resulting values indicate that

the load on the cask base is a distributed one whose centroid is at
B = 15 in. The tension forces in tie-down members A and D are both
active in carrying P,, but members B and C are not. The tension in

member A resulting from the 5W load is

T, = (P/2)(31/2/212) = 433w (1.32)
the tension in member D resulting from the 5W load is

T, = (Pp/2) (31/2721/2) = 4.33u (1.33)
the tension in members B and C resulting from the 5W load is

T =T =0 . (1.34)

The effects of the 10W load in the direction of travel (illustrated
in view C of Fig. 1.11) were analyzed next. Summation of horizontal

forces yields
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-Ty{cos 8) + Ty(cos 8) + 10W = 0 , (1.35)
Summation of vertical forces vields
R - Ty(sin 8) - Ty(sin B) = 0 , (1.36)
Summation of moments about plane m-m in view C of Fig. 1.11 yields
-Ty(cos 8)(39) + Ty(sin 8)(0.82) + T,(cos 8)(39)
+ Ty(sin 6)(65.2) + 10W(24) = 0 . (1.37)

When 9 = 45°, solution of the preceding simultaneous equations for

unknowns Ty, T,, and R yields the following values:

T, = 17.16W,
T2 = 3.04w,
R = 14.30W.

Since these values are all positive, the assumed tension forces were

correct.

direction

T
Arg

it

the tension

Bip

the tension

T =
Cio

the tension

The tension in member A resulting from the 10W load in the

of travel is

(11/2) 317272172y = 10.51% ; (1.38)
in member B resulting from the 10W load is
(11/2)(31/2/21/2) = 10.51w , (1.39)
in member C resulting from the 10W load is
(T0/2) (31/2721/2y = 1. 86w ; (1.40)
in member D resulting from the 10W load is
(12/2)(31/2721/2) = 1.86u . (1.41)
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The last acceleration loading condition involves a vertically
upward 2W load (illustrated in Fig. 1.11) that has a net resultant of W
upward when the weight of the cask is subtracted from the acceleration

load. With reference to view A in Fig. 1.11,
F =P = W2, (1.42)
Z z

since there are two cables involved at each loading point. Therefore,

the tension (T) in members A, B, C, and D resulting from the 2W load is

T =T =T, =T ) = (W/4)(L./H) = 0.433W . (1.43)

The total tension in each cable member was determined by combining
the tensions resulting from each of the three acceleraiion loads as

follows. The total tension in member A is

= 4,33W + 10.51W + 0.43W

= 15.27W.
The total tension in member B is

T = T. 4+ T + T = 0 + 10.51W + 0.43W = 10.94W . (1.45)
B Bg Bio By

The total tension in mewmber C is

T. =T, + T + T, =0+ 1.86W + 0.43W = 2.29W . (1.46)
C Cs Cio Co

The total tension in member D is

T. =T + T + TD2 = 4,33W + 1.86W + 0.43W = 6.62W . (1.47)

Inasmuch as the total tension in members A and B is greater than that in
members C and D, the rear eye (with respect to the direction of travel)
is the most loaded. The x, y, and z components of force acting on the

rear cask-lifting and tie-down eye were determined as follows:
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= (T, + T,)(J/L) = (15.27W + 10.94W) (1/4/3)

= 15.13W .

= (T, + Tp)(I/L) = [1527W + (~=10.94W) 1 (1/V/3)
= 2.50W .

1
it

(T, + Tp) (H/L) = (15.27W + 10.94W) (1/v3)

15.13w .

(1.48)

(1.49)

(1.50)

The resultant load (FR) in the plane of the rear cask-lifting and tie-

down eye

Fr

is given by the following equation:

]

(F2 + F2H1/2 = w[(15.13)2 + (15.13)2]1/?

21.4W

(1.51)

The maximum bending stress at plane A-A (illustrated in Fig. 1.13)

in the rear lifting and tie~down eye resulting from the Fy

force is

Obl

At plane

XX

Therefor

Obl

given by the following expression:
Mc 1.5F (2)
S A

T I
XX

= X (bh3/12)

128 1(4)3
R Y
= 18.67 in.".

€,

= #[1.5(2.5)(16,150)(2)1/18.67 = +6488 psi .

component of

(1.52)

(1.53)

The maximum bending stress at plane A-A in the lifting and tie-down eye

resulting from the FX component of force is given by the following

equation
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Mc l.SFX(7)
=+ — = e e
cb? tq + T . (1.54)
- Yy

At plane A-A,

Iyy = X bh3 + ¥ ad? (1.55)
- 24D° L ST o) 4 (4 (6521 (2)
= 626.67 in.".
Therefore,
%, = £(1.5(15.13) (16,150) (7)1/626.67 = +4094 psi .

The average compressive stress resulting from the Fz component of force

is given by the equation
o, = —(FZ/A) s (1.56)

where

A = area = 2(12) + 2[4(1)] = 32 in.2.

Therefore,
o, = ~[15.13(16,150)1/32 = ~7636 psi .

The maximum normal compressive stress at plane A-A occurs at point O

(i1lustrated in Fig. 1.13) and is given by the following equation:

g = ~g, =0 -0 (1.57)

fi

-6488 - 4094 - 7636 = ~-18,218 psi .

The shearing stress (1) at plane A-A in the lifting and tie-~down eye is

given by the equation

2 1/2
(F2 + Fi)

T = "*EL*?;-*—"* , (1.58)
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where

A = area = 32 in.Z2.

Therefore,

L [(2.5)2 + (15.13)2%1Y/2(16,150)
TT 12

= 7740 psi .

From Mohr's circle, the maximum principal stress at plane A~A is

o, <;0n:f
= et s 2
Omax 2 2 t

= -9109 - [(9109)2 + (7740)2]1/2

1/2

(1.59)

= ~21,062 psi .

The bending stress at plane B-B (illustrated in Fig. 1.13) in the
rear lifting and tie~down eye resulting from the Fy component of force

is given by the following equation:

Me 3Fy(a/2)
Obl = * ~I—— =+ I" (1.60)
XX
At plane B-8B ,
= 3 . An3
IXx (ca eb®) (1/12) (1.61)
= [15¢5)3 - 11(3)3]1(1/12)
= 131.5 in.".
Therefore,
_ 3(2.5)(16,150)(2.5) _ .
Obl = * 131.5 = 2303 psi .

The bending stress at plane B-B resulting from the FX component of force

is given by the equation
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Mc 3FX(C/2)
ob2 = * T =t - - (1.62)
yy
At plane B-B,
I = (ac® - be?)(1/12) (1.63)
yy
= [5(15)3 - 3(11)3](1/12)
= 1073.5 in.™.
Therefore,
_ . 3(15.13)(16,150)(7.5) + .
0b2 = % 1073.5 +5121 psi .
The average compressive stress at plane B~B resulting from the FZ
component of force is given by the equation
g = -(F _ /A) , (1.64)
c z

where A = area = ca - eb = 15(5) - 11(3) = 42 in.Z?. Thus,

o)

o = ~[15.13(16,150)1/42 = -5818 psi .

The maximum normal compressive stress (On) in plane B~-B occurs at point

Q (illustrated in Fig. 1.13) and is given by the following equation:

o, = —Obl - sz -0, (1.65)

1

-2303 - 5121 - 5818

]

-13,242 psi .

The shearing stress (1) at plane B-B in the lifting and tie-down eye is
given by the equation

(FZ + FZ)I/Z
X Y

- . , (1.66)

2

where A = area = 42 in. Therefore,
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(15132 + (2.5)211/2(16,150)
v h2

= 5897 psi

From Mohr's circle, the maximum principal stress at plane B-B is

. o] o N\N? 1/2
o = -+ (_n) + 12 (1.67)
max 2 2

= —6621 - [(6621)2 + (5897)211/2

= ~15,487 psi .

Since all of the normal stresses in the most loaded lifting and tie-down
eye were calculated to be less than the yield strength of the material,
and the shearing stresses were less than the allowable shearing stress,
it was concluded that the ORNL loop transport cask complies with the
requirements of the regulations governing tie-down devices. Various
tie-down geometries are possible when securing the shipping container to
the transport vehicle. The most likely tie-down geometry was used in
the analysis, which showed that normal stresses are less than the yield
point, 30,000 psi, for stainless steel, and shear stresses are less than
the allowable shear stress. If under extreme load the tie-down device
fails, damage will be localized to the area of the tie-~down lug. This
area of the container does not contribute to the function of the shipping
container. Failure would not impair the containment or shielding

properties of the overall package.

1.4 Styuctural Standards for 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 ORNL loop transport cask with these

requirements is discussed in the following subsections.

1.4.1 Load resistance

When regarded as a simple beam supported at its ends along any

major axis, the package must be capable of withstanding a static load
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normal to and uniformly distributed along its length that is equal to
five times its fully loaded weight without generating stress in any
material of the package in excess of the yield strength of that material.
When the lead shielding and the inner cavity liner are not con-~
sidered, the cross section of the outer shell of the ORNL loop transport
cask is equivalent to that of a 24~in.-diam sched-40 steel pipe. When
the cask is considered as a simple beam supported at its ends, as
illustrated in Fig. 1.14, the maximum bending moment in the outer shell
occurs at L/2. The maximum bending stress in the outer shell of the

cask is given by the equation

Mc  5WL WL
9% = Tg = 81C = 581r » (1.68)

o, = maximum bending stress (psi),

M = maximum bending moment (in.-<1b),
W = weight of loaded cask = 16,150 1b,
L = length of member = 89.37 in.,

r = radius of cask = 12 in.,

I

it

moment of inertia = 3424 in." (from ref. 17).
Therefore, the maximum bending stress is

_5(16,150(89.37)(12) _ .
Ob = §(3424) = 3162 psi .

ORNL DWG 75-1675
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Fig. 1.14. Cask as a simple beam.
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This stress is less than the yield strength of the material (30,000 psi),
and it was concluded that the ORNL loop transport cask complies with the

requirements of the regulations governing load resistance.

1.4.2 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.

Primary containment in the ORNL loop transport cask is provided by
either the metal cladding on the fuel elements or the experimental
capsules being transported, or by a Specification 2R container.* The
contents of the cask would not be subjected to the external pressure
unless the cask body or seals failed. Gaskets of the type employed for
the cask closures are used routinely at pressure differentials greater
than 25 psig without leakage.

When subjected to an external pressure of 25 psig, the maximum
stress in the body of the ORNL loop transport cask would occur in the
flat plate at the access plug end of the cask. This plate is 3/8 in.
thick and has a diameter of 24 in. For computational purposes, the
model of this plate illustrated in Fig. 1.15 was assumed, and support
contributed by the lead shield was neglected. An equation published by
Timoshenkol" that is applicable to this model was used to determine the
maximum stress in the flat plate:

= 2 2
O ax (kqa<)/h® , (1.69)

where k is a constant whose value is dependent on the ratio of a/b. For
the model assumed, k = 0.8, 1% Therefore, the maximum stress

o .. = [0.8(25)(12)?]/(0.375)% = 20,480 psi .
Since this stress is below the yield strength of the material, it was
concluded that secondary containment would be maintained if the ORNL

loop tramsport cask were subjected to an external pressure of 25 psig.

It was also concluded that the 2R container and capsule cladding would
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withstand the application of an external pregsure of 25 psig even if the

secondary containment (package) were breached.

1.5 Standards for Normal Conditions of Tranmsport

The regulations for normal conditions of transporit for a single
package require that the effectiveness of the package will not be sub-
stantially reduced by the normal conditions of transport and that there
will be no release of radioactive material from the containment vessel.
The contents of the ORNL loop ttansport cask are so limited that there
will be no gases or vapors in the package that could reduce the effective-
ness of the packaging. There is no circulating coolant other than
atmospheric air provided for in this cask, and no mechanical cooling
device is required or provided. The cask and inner container{s) are so
designed that the contents will not be vented to the atmosphere under
normal conditions of transport. These normal conditions include the

effects of heat, cold, pressure, free drop, and penetration.

1.5.1 Heat

During normal transport, the cask is subjected to solar heat loads
as well as the decay heat from its contents. The ERDA regulations2
stipulate that the package must be able to withstand direct sunlight in
still air at an ambient temperature of 130°F without reducing the effec-
tiveness of the packaging. For this case, the maximum permissible
internal heat load of 1000 W was assumed. Further, the Department of

Transportation (DOT) regulations?

stipulate that the temperature of any
accessible surface of the fully loaded shipping package in the shade in
still air at an ambient temperature shall not exceed 122°F when the
package is shipped by common carrier, and 180°F when the package is
transported on a sole-use vehicle. 1In this case, ambient temperature
was assumed to be 100°F, and internal decay-heat loads of 500 and 1000 W
were assumed.

The computer program HEATING-~3,18 modified to evaluate phase change

of materials, was used to compute the steady~state temperature distri-

bution in the package and its contents under the specified conditions.
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The dimensional model used for these evaluations, the input assumptions
and constants, and the temperatures computed at locations of concern are

given and discussed in Sect. 2 of this document.

1.5.1.1 Temperature effects. Study of the steady-state temperature

distributions given in Sect. 2 reveals that the most damaging thermal
gradients result when the cask has an internal heat load of 1000 W and

is subjected to direct sunlight in still air at an ambient temperature

of 130°F. However, the resulting temperatures will not affect the cask
adversely. There are no temperature differences large enough to result
in damaging thermal stresses, and the cask materials will not suffer a
gignificant loss of physical properties at the computed temperatures.

The continuocus operating temperature limit of 500°F for the silicone
rubber O—rings19 in the 2R container is greater than the maximum computed
temperature of 390°F for these seals. The computed temperatures of all
of the secondary seals are below the 300°F continuous service temperature

of neoprene.19

The pressures resulting from the temperatures of this
case (given in Sect. 2) will have no adverse effect on the cask or its
contents.

The maximum temperature of any accessible surface of the cask in
the shade in still air at an ambient temperature of 100°F was computed
to be 120°F when the internal heat load of the cask was 500 W. This
maximum temperature occurred at midpoint of the bottom of the cask and
is less than the allowable temperature of 122°F for transport by common
carrier. With an internal heat load of 1000 W, the maximum temperature
of any accessible surface of the cask was computed to be 140°F, which is
less than the allowable temperature of 180°F for transport by a sole-use

vehicle.

1.5.1.2 Thermal expansion stresses. The ORNL loop transport cask

is constructed of materials whose coefficients of thermal expansion
differ considerably. The coefficient of thermal expansion for the lead
shielding is 16.3 x 107% in./in. per °F, while that for carbon steel is
6.5 x 1078 in./in. per °F, and that for stainless steel is 9.2 x 107°

in./in. per °F (see Table 1.1). As the temperature of the cask is
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increased, the lead will expand more than the carbon steel outer shell
of the cask or the stainless steel liner for the cask cavity. As a
result of this differential thermal expansion, the outer shell of the
cask is placed in longitudinal and radial tension, the inner cavity
liner is placed in longitudinal tension, and the lead is loaded in both
radial and longitudinal compression.

S,ZO

The computer program FEAT a finite-element program, was used to

evaluate the thermal expansion stresses for the heat condition of normal
transport. The simplified thermal expansion model shown in Fig. 1.16
was assumed for these calculations. 1t was also assumed that the cask
cavity was completely full of lead and that there were no thermal ex-
pansion stresses in the cask when the entire cask was at a temperature
of 70°F. The steady-state temperature distribution in the cask resulting
from an internal decay heat load of 1000 W and exposure to direct sun-
light in still air at an ambient temperature of 130°F (see Table 2.2
for examples) was input to FEATS. The computed stresses at points of
interest identified in Fig. 1.16 are given in Table 1.2.

These stresses in Table 1.2 are below the endurance limits of the
cask materials of comstruction. It was therefere concluded that the
ORNL loop transport cask will not fail or experience a reduction in
effectiveness as a result of thermal expansion stresses caused by the
heat condition of normal tramsport. 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. Such stresses would therefore

exist only for a small number of cycles.

The shipping package must be able to withstand an ambient temper-—
ature of -40°F in still air and shade. When the condition of no internal
heat load is assumed and the perfect-gas laws are used, the pressure
(py) at a temperature (T,) of -40°F (420°R) in any cask cavity sealed at
a pressure (p;) of 14.7 psia and a temperature (T1) of 70°F (530°R) is

po = (p1T2)/T1 = [14.,7(420)1/530 = 11.65 psia . (1.70)
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Table 1.2. FEATS thermal expansion stresses resulting from normal
transport conditions of 130°F ambient, solar heat load,
and 1000-W internal heat load

RZ Mohr's circle stress T or

Poiat FEATS hoop Shear
number element Maximum  Minimum Angle stress stress
(Fig. 1.15) number (psi) (psi) (°) (psi) (psi)
1 98 590 ~730 38.5 ~2,520 640

2 362 1,900 ~70 0.0 3,420 -15

3 562 2,080 -30 0.0 3,380 0

4 543 -100 ~11, 800 90.0 -5,150 0

5 343 ~100 -10,700 90.0 -5,000 50

6 85 ~-80 -7,970 -82.0 -9, 840 -170

7 17 1,550 -400 89.0 7,070 35

8 24 460 -1,580 22.0 3,240 700

9 68 10, 700% 2,180 15.0 2,440 2,150

10 29 ~160 16,300% 89.0 16,260 200
11 57 1,980 -10, 040 64.0  ~24,600% 4,750

a . . . . .
Indicates that these are absolute maximum point stresses incurred in
these orientations for the entire cask.

The resulting pressure differential is not significant when compared
with the 25 psig external pressure the package must withstand (Sect. 1.4.2).
A temperature of -40°F is within the operating temperature range of
the materials of the ORNL loop transport cask. Brittle fracture of the
Specification 2R container or the metal cladding on a fuel element ovr
experimental capsule under the stipulated cold condition is not credible,
since the ductile-to-brittle transition temperature of the materials
involved is below ~40°F. This is also true for all threaded fasteners
and the cask cavity liner. However, the outer shell of the cask, flat
heads, lifting and tie-down devices, and the support structure are
fabricated of low-carbon steel whose transition temperature is above
~40°F. Although these members would undergo a loss of ductility under
the specified cold condition, they operate under very small loads during

normal transport and failure is not likely. If one of these members
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were to faill, primary containment would be maintained, and the shielding
capability of the cask would not be compromised. Such a failure would
be detected by routine inspection, and repair would be effected before
further use of the cask. It is therefore concluded that the ORNIL loop
transport cask is in compliance with the requirements of the regulations

governing the cold condition of normal transport.

1.5.3 Pressure

The regulations for normal conditions of transport specify that the
package be able to withstand an atmospheric pressure of 0.5 times the
standard atmospheric pressure, the resulting pressure being 7.35 psia.
This atmospheric pressure is additive to the internal pressures attrib-
utable to the elevated temperatures resulting from atmospheric conditions
and decay heat from the cask contents (Sects. 1.5.1 and 2). The resulting
pressure differential between any part of the cask body or plug and the
atmosphere will not exceed 7.35 + 5.8 = 13.8 psig (Sect. 2.3.3). The
gaskets in the cask are adequate to withstand a pressure differential of
121 psi.

The hoop stress in the outer shell of the cask resulting from the

pressure differential is given by the equation

o, = (pr)/t , (1.71)
where
9, = hoop stress (psi),
p = pressure = 13.8 psig,
¥ = radius of cask shell = 11.3 in.,
t = thickness of shell = 0.69 in.

Thus the hoop stress

o = [13.8(11.3)]1/0.69 = 226 psi .
By comparison, it can be seen that the stress in the. flat plate of
the cask resulting from the 13.8 psig pressure will be less than that

resulting from the 25 psig external pressure (Sect. 1.4.2), and that
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the yield strength of the material will not be approached as a result of
this pressure. It can be determined by inspection that the stress in

the end-plug cladding will be less than that in the cask shell. The
reduced atmospheric pressure would have no effect on primary containment
unless secondary containment failed. If this were to occur, the resulting
pressure differential (Sect. 2.2.3) of 7.35 + 10.3 = 17.7 psig is less
than the design pressure of the 2R containmer. It is therefore concluded
that the ORNL loop transport cask complies with the requirements of the

regulations governing pressure under normal conditions of transport.

1.5.4 Vibration

The regulations require the package to withstand vibration normally
incident to transport under normal conditions. The integrity of the
ORNL loop transport cask has not heen affected by transport vibration in
the past. Inner containers are of welded comstruction, and all cask
fasteners are equipped with lock washers and will not loosen as a result

of transport vibration.

1.5.5 Water spray

The regulations require that the package withstand a water spray
sufficiently heavy to keep the entire exposed surface, except the bottom,
wet continuously during a period of 30 min. The exposed surfaces of the
ORNL loop transport cask are of painted steel and will be unaffected by
water spray. Since all cask penetrations are gasketed, the secondary

containment will not be affected by water spray.

1.5.6 Free drop

The regulations for normal conditions of transport require that
between 1.5 and 2.5 hr after conclusion of the water spray test, the
package weighing 10,000 to 20,000 1b be capable of withstanding a free
drop through a distance of 3 ft onto a flat and essentially unyielding
horizontal surface, striking the surface in a position in which maximum

damage is expected to result.
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Demonstration of compliance with this requirement by analytical
methods is difficult because experimentally verified analytical tech-
niques do not exist, and all of the necessary material property data are
not available. Drop tests have not been performed for the cask config-
uration under comsideration. Since the most damaging free~drop orien-
tation for the ORNL loop transport cask is not evident by inspection,
several orientations were considered and evaluated. The analyses were
intended to characterize cask response conservatively and so demonstrate
compliance with the regulations.

The existing ORNL computer programs CEIR,21 1001 CASK, and 1005
CASK were used to calculate maximum accelerations and deformations for
end, side, and two corner impact orientations. The CEIR program21 is
based on material properties which were determined experimentally. The
mechanical properties of cask materials given in Table 1.1 were used for
the analysis made with the CEIR program. The 1001 CASK and 1005 CASK
programs are based on ideal materials, that is, materials which have a
constant stress value for all strains. In the analyses made with these
programs, a solution was made for the ideal yield stresses for lead of
6000 and 14,000 psi. For a yield stress of 6000 psi, a deformation
Jarger than actual will result. Where the ideal yield stress is 14,000
psi, the calculated acceleration will be larger than actual. For mild
steel, values of 100,000 and 240,000 psi will be used as limits.

The adequacy of the CEIR and 1001 CASK computer programs was
verified by comparing the results of drop tests?2 made on a 6000-1b cask
with the responses calculated by using the programs. Program listings
and derivations of pertinent equations are presented in Appendix C, and
the results obtained by using these programs are given in Table 1.3.
Calculated time histories of deformation as a function of acceleration
are illustrated in Figs. 1.17 through 1.23.

As indicated in Table 1.3, the maximum deformation and acceleration
were computed for the 3-ft free drop and impact of the ORNL loop transport
cask on its end, side, and corner. Two different angles were considered
for the corner impact orientation, since it was recognized that the

maximum energy would be digsipated in plastic deformation when the cask
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and side impact of ORNL loop tramsport cask with a dynamic yield stress
of 6000 psi.
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dynamic yield stress of 14,000 psi.
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dynamic yield stress of 6000 psi.
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Fig. 1.23. Acceleration vs deformation computed for 3-ft free drop
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dynamic yield stress of 14,000 psi.



Table 1.3, Maximum deformation and maximum acceleration computed
for the ORNL loop transport cask as a result of the 3-ft
free drop and impact in four orientations

Maximum Maximum
Impact Computer deformation acceleration
orientation program (in.) (g's)
End CEIR 0.443 7
Side 1005 CASK 0.2249 341
Corner, 1001 CASK 1.96 65
9 = 15° (modified)
Corner, 1001 CASK 2.84 37
6 = 45° (modified)

center of gravity was directly above the impact point, that is, when the
impact angle 0 is approximately equal to 15°, as illustrated in Fig. 1.24,
When 6 is greater than 15°, the cask retains a portion of its energy as
kinetic energy which will be dissipated on a secondary side impact. The
1001 CASK computer program was modified to calculate the energy which
would be absorbed in the initial impact only. Analyses were made for
impact angles of 40, 45, and 50°, and the typical results were as given
for the case where 6 = 45°,

To determine the orientation in which the maximum shielding loss
would occur, the thickness of the lead from the surface of the deformed
corner to point A in Fig. 1.24(a) was calculated for the corner impact

orientation in which © = 45°. TFor this case, the shielding thickness

[(12.0 - 0.687 - 3.0)2 + (9.4)211/2 - 2,84 (1.72)

+
it

]

9,71 in.

The normal radial thickness of the lead in the cask is 8.3125 in. Since
the thickness of the lead after a corner impact of the cask is greater
than the normal radial thickness, the maximum loss of shielding would
occur when the impact angle 6 approached 90°, or when the cask impacted

on its side.
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The maximum acceleration occurs in the side impact orientation.
The door plug has a very large effective shear area, and no shear
stresses of any magnitude are anticipated. The corner drop orientation
at 8 = 15° would impose substantial forces on the end access plug bolts.
In this impact orientation, there would be axial and radial accelera-
tion. With respect to the notation in Fig. 1.24(b), the axial

acceleration

0
it

at(cos 8) (1.73)

i

65(cos 15°) = 62.8g's ,

and the radial acceleration

]
L]

at(sin ) (1.74)

i

65(sin 15°) = 16.8g's

When it is assumed that there is mno friction between the plug body and
the cask liner, the force (F) on the plug retaining bolts is given by

the equation

F=aWg, , (1.75)
where

W = weight of the plug plus weight of cask contents (1b),

g, = gravitational constant (lbm'ft/lbf-secz)

The maximum weight of the intended contents of the ORNL loop transport
cask, including the 2R container, will not exceed 150 1lb, and the end

access plug weighs 177 1b. Therefore, the force on the bolts is

F = 62.8(177 + 150) = 20,535 1b
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Since this force is resisted by eight bolts (1/2-13NC), the force on
each bolt is £ = F/8 = 2567 1b. The stress on each bolt is given by the

equation

o= f/A, (1.76)
where A = stress area of a 1/2-13NC bolt = 0.1419 in.?. Therefore,

o = 2567/0.1419 = 18,090 psi .

The yield strength of the plug retaining bolts will not be exceeded as a
result of the 3-ft free drop and 15° corner impact of the ORNL loop
transport cask.

If the ORNL loop transport cask were to impact om its top (with its
long axis in a horizontal attitude), the horizontal cask lifting eyes
would contact the impact surface first. These eyes would either behave
like heat transfer fins and buckle in an S-curve or double-hinge mode,
or they would fail in compression. The peak failure load for heat
transfer fins impacted normal to their axes has been determined?? to be
a function of the ratio of fin height to fin thickness. As indicated in
Fig. 1.7, the height of the cask lifting eye plate is 6.25 in. and its
thickness is 2 in., yielding a plate height-to-thickness ratio of 3.125.
It can be seen from Fig. 1.25 that the peak load or load required for
buckling failure would be very large for a height-to~thickness ratio of
3.1. It was therefore concluded that the horizontal lifting eye plates
would fail in compression.

Prior to and during compression failure of the cask lifting eyes
resulting from a 3-ft free drop and top impact of the ORNL loop transport
cask, the lifting eye plates would apply load to the outer shell of the
cask, and the shell would, in turn, load and deform the shielding
locally. The results of puncture tests?“ indicate that when loaded
locally, steel-clad lead will deform as illustrated in Fig. 1.26(a).
From photographs of actual test specimens (Figs. 6, 7, 10, 11, 12, 14,
38, and 39) published by Spaller,?" it was concluded that in Fig. 1.26(a),
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9 = 0.8d. If it is assumed that this ratio is valid for loads applied

by a rectangular area, the geometry illustrated in Fig. 1.26(b) will be
valid for deformation of the steel-clad lead in the ORNL loop transfer

cask as a result of the 3-ft free drop and top impact.

With respect to the notation in Fig. 1.26(b), by similar triangles,

(hb) /8, (1.77)

=]
il

(hd) /4 . (1.78)

=]
it

The volume of lead (VL) displaced is given by the equation

n=A
v =.I‘ A dH , (1.79)
h

where

A

cross—-sectional area at h

{(a + 2n)(c + 2m).

When the terms for the cross~sectional area at h are expanded and the
values given in Eqs. (1.77) and (1.78) are substituted for n and m, Eq.

(1.79) can be written as follows:

h=A
vy =J/~ [ac + (2ahd) /A + (2¢hb)/A + (4bh?d)/A%] dh . (1.80)
h=0

Integration and substitution of limits in Eq. (1.80) yields

VL = Alac + ¢b + ad + (4bd)/3] , (1.81)

and numerical substitution in Eq. (1.81) yields

VL = 3.453Aac . (1.82)
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If it is assumed that lead is an ideally plastic material, it is con-
servative to assume that the energy required to produce deformation of

the lead (UL) is given by the relationship

u =S5V , (1..83)

where 5. = the specific energy of the lead.

The steel of the outer shell of the cask would also be stretched,
and energy would be dissipated. When the effect of curvature is ne-
glected, the elongation of the steel in the y direction (6y) is given by
the following equation, in which the notation is as illustrated in Fig.

1.26():

o
R

(¢ +2e) ~ (c+ 2d4) (1.84)

i}

2(e - 4d)

fi

2[(@? + a2)1/2 - q]

Similarly, the elongation of the outer shell steel in the x direction is

given by the equation

5, = 2[(% + A2y/2 py . (1.85)

The energy dissipated by the steel shell (US) is given by the following

equation:

VA X
F,ods 4 F_ds_, (1.86)

i

where F applied force. Therefore,

o]
i

y X
f g A ds +f c A ds (1.87)
S 0 yy Oy 0 XX X
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where

<
it

stress (psi),

>
il

average cross—sectional area (in.z).

Stress is a function of strain and can be approximated for structural

materials as a straight—line function:!!

O = f(€) = Cl + C2€ 3 (1.88)

where

e = average strain (in./in.),

Cy1, Cy = experimentally derived constants.

S8ince the average strain (e) is equal to the elongation (5) of the steel
in inches divided by the horizontal length of that elongation, the
average strain in the y direction of the cask outer shell, with refer-

ence to the notation in Fig. 1.26(b), is given by the equation
e. =& f2d (1.89)
y v ’

and the average strain in the x direction is

e =8 /2b . (1.90)
X X

Substitution of Egs. (1.88), (1.89), and {1.90) into Eq. (1.87) vields
the following expression for the energy dissipated by the steel outer

ashell of the cask:

8 8
y \ f X .
Ug =fo [cy + Cz(éy/Zd)]Ay dby + . [cy + Lz(éx/Zb)]AX dé_ . (1.91)

Integration of Eq. (1.91) and substitution of limits yields

_ 2 2
US ClAy(Sy + C:)_Ay((sy/lld) + CIAX(SX + CZAX((SX/l‘b) . (1.92)
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Since in this case (Fig. 1.25) d = 0.8c and b = 0.8a,
- 2 5 2 3
Ug clAysy + C;_Ay(éy/3.zc) + clASSX + CZAX(SX/L’».Za, . (1.93)

These derived equations have been compiled and coded into a FORTRAN
program, 1018 CASK, which is presented in Appendix C. Ancther program,
1014 CASK, was developed to calculate the response of energy absorbers
to impact. The ORNL loop transport cask horizontal lifting eyes were
conseryvatively modeled as shown in Sect. 1.6.1.3 [Fig. 1.46(a)] for the
accident condition. The model is conservative, since it is more rigid
than the actual lifting eye. The lug base length was input as 12 in.,
and the base area contribution of the gussets on each side of the lifting
eye was disregarded. This will result in wore energy being dissipated
in bending the shell and displacing the lead. It follows that both the
calculated loss of shielding and the calculated acceleration will be
greater than what would actually be experienced.

The results of the computer programs can be interfaced by correla-
tion of the energy response as a function of acceleration to obtain the
complete response of the cask to impact on the horizontal lifting eyes.
The energy-vs—acceleration curve for the lifting eyes, the localized
bending and lead displacement for dynamic yield stresg values of 6000
and 14,000 psi, and the complete response of the cask to impact on the
lifting eyes for both dynamic yield stress values are illustrated in
Fig. 1.27. The deformation-vs-energy curves for the cask lifting eyes
and the cask body are shown in Figs. 1.28, 1.29, and 1.30, and these

data are summarized in Table 1.4.

1.5.7 Penetration

The regulations for normal conditions of transport 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 in.,
and is dropped from a height of 4 fit normally onto the exposed surface
of the package that is expected to be the most vulnerable Lo puncture.

This condition would result in no more than a very superficial dent in
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Table 1.4. Maximum accelerations, maximum deformations,
and energy absorbed in 3-ft drop on lifting evyes

Dynamic yield Dynamic yield
stress = 6000 psi stress = 14,000 psi

Maximum acceleration, g's 138 171

Deformation of eyes, in. 0.17 0.24

Deformation of cask, in. 0.16 0.03

Energy absorbed by eyes, 235,000 440,000
in.-1b

Energy absorbed by cask, 340,000 135,000
in.-1b

Total energy, in.-1b 575,000 575,000

the steel surface of the ORNL loop trausport cask and would not reduce

its effectiveness.

1.5.8 Compression

The regulations for normal conditions of transport require that
packages weighing less than 10,000 1b be capable of withstanding a
compressive load equal to either five times the weight of the package or
2 psi multiplied by the maximum horizontal cross section of the package,
whichever is greater. The load shall be applied, during a period of
24 hr, uniformly against the top .and bottom of the package in the posi-
tion in which the package would normally be transported. BSince the
ORNL loop tTransport cask weighs 16,000 1b, it is exempt from the com-

pression requirement.

1.6 Standards for Hypothetical Accident Conditions

The standards for the hypothetical accident conditions stipulate
that a package used for the shipment of fissile or large quantities of
radicactive material shall be so designed and constructed and its con-
tents so limited that if it is subjected to the specified free drop,

puncture, thermal, and water immersion conditions, the reduction in
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shielding would not be sufficient to increase the external radiation

dose rate to more than 1000 millirems/hr at a distance of 3 ft from the
outside surface of the package, no radioactive material would be tveleased
from the package except gases containing total radioactivity not to
exceed 0.1% of the total radioactiviiy of the contents of the package,

and the contents would remain suberitical.

1.6.1 Free drop

The first in the sequence of hypothetical accident conditions to
which the cask must be subjected is a free drop through a distance of
30 ft onto a flat, essentially unyielding horizontal surface, striking
the surface in a position in which the maximum damage is expected to
occur.

Demounstration of compliance with the reguirement by analytical
methods is difficult because experimentally verified amalytical tech-
nigues do not exist, and all of the necessary material property data are
not available. Drop tests have not been performed for the cask config-
uration under consideration. Since the most damaging free-drop orienta-
tion for the ORNL loocp tramsport cask is not evident by inspection,
several orientations were considered and evaluated. The analyses were
intended to characterize cask response conservatively and so demounstrate

compliance with the regulations.

1.6.1.1 End and side impact orientations. Existing ORNL computer

programs were used to calculate the maximum acceleration and deformation
resulting from the 30-ft free drop and end and side impacts of the ORNL
loop transport cask. Computer program listings and derivations of
pertinent equations are given in Appendix C, and the computed accelera-
tions and deformations are given in Table 1.5. Calculated time his-
tories of acceleration vs deformation for the end and side impacts are
shown in Figs. 1.31, 1.32, and 1.33, and the resulting shielding losses
are illustrated in Figs. 1.34 and 1.35. These losses will not affect

the cask containment, and they are discussed with respect to permissible

dose rates in Sect. 4.



ACCELERATION [g's}

77

ORNL DWG 75-2495
20

B0

sS

us

LY

30

25

15

| BASAELELES S S SLEL I S AN LSS SLALAL AL SN LA A A ELSL SIS BLED SAUNLIE S AL SRS S S LA SILLE S S S S ED S0 S BN S L B SR

™

v AVRVTS FETTE U OTY FUUVUIVIVY FYVTIPUNTE LRCTICTUTY FUTVIUPAVE SRVNTAVEVE FEVTY FUYVI VEURIFUNTY PRVNTRTITI FURVE FVUTY FNTVSFUNUR FUVRTINPTI IVUVEFUIT

0,2 0.4 0.8 0.8 1.0 1.2 1.4 1.8 1.8 2.0 2.2 2.4 2.8 2.8
DEFORMATION (INCHES)

=
ST

Fig. 1.31. Acceleration vs deformation computed for 30-ft free

drop and end impact of ORNL loop tramsport cask.



78

ORNL DWG 75-2499

e

YT

4SO |-

uee

50

250

ACCELERATION (g's)

150

50 [

Oz-n.Ul....l“..|....I....1“..l..“l....l....|....l..“l.“.l....1““1..nl....l“uiu..l....n....l..“l““

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 a.9 1.0 1.1
DEFORMATION (INCHES)

Fig. 1.32. Acceleration vs deformation computed for 30-ft free
drop and side impact of ORNL loop transport cask with a dynawmic yield
stress of 6000 psi.



79

ORNL DWG 75-2498
-

700

500

L)

R S AL ALE (A I L ALAL N B S S At B 8 o o s

ACCELERATION (g's)

300

DAL ML AR 00 A St e i i

TS NWTTE FTEE W RWWWE W WS W RN e T ST YT e

18 o010 Q.15 0.20 0.25 0.30 0.35 0.0 0.5 0.50 0.55 0.60 0.85 6.70
DEFORMATION {INCHES)

Fig. 1.33. Acceleration vs deformation computed for 30-ft free
drop and side impact of ORNL loop transport cask with a dynamic yield
stress of 14,000 psi.




ORNL DWG 75-503

—2.04 PLUG |
SHIELDING { /"—EAD
LOSS _

y/4 /A, i ‘
; N § T
— |

N

.mu.m._mn“
L‘__mmmm'

e o e T T T
-
.
0
N
60

*

\—CAWTY

8.3 RADIAL
SHIELDING ALL DIMENSIONS

GIVEN IN INCHES

Fig. 1.34. Shielding loss resulting from 30-ft free drop and end
impact of ORNL loop transport cask.

08



ORNL DWG 75-1667

| [}
/
\
\\\ 7 22 // /
N , 7 8.3
IS B
109 S>> L2 <
MINIMUM DEFORMED—! ORIGINAL—
SHIELDING THICKNESS SHIELDING

ALL DIMENSIONS GIVEN IN INCHES

Fig. 1.35. Shielding loss resulting from 30-ft free drop and side
impact of ORNL loop transport cask with a dynamic yield stress of 6000

psi.



82

Table 1.5. Maximum deformation and maximum acceleration
computed for the ORNL loop transport cask as a result
of the 30-ft free drop and end and side impacts

Maximum Maximum
fmpact Computer deformation acceleration
orientation program (in.) (g's)
End CEIR 2.64 69
a _..b
Side 1005 CASK 1.09 740

“Deformation for dynamic yield stress of 6000 psi.

7

DDeformation for dynamic yield stress of 14,000 psi.

1.6.1.2 Corner iwmpact orientation. Another existing ORNL computerv

program was used to analyze the results of the 30~ft free drop and
subsequent impact of the ORNL loop transport cask onto a quarter of the
edge (corner) of the ¢ylindrical end plate. This orieuntation was
examined for two iwmpact angles, the first of which would maximize the
energy absorbed by the cask, and the second would maximize the deforma-
tion experienced by the cask. When the iwmpact angle § = 15°, the impact
will occur along the diagonal of the cask, and practically all of the
potential energy will be dissipated in the initial impact. When 9 =
45°, the deformation is maximized, but a significant portion of the
potential energy will be retained as kinetic energy which will be dis-
sipated in a secondary side impact. The maximum deformation and maximum
acceleration computed for both corner impact angles are given in Table
1.6, and the cowputed acceleration-vs~deformation time histories are
shown in Figs. 1.36 through 1.39.

On the basis of these computations, the maximum shielding loss will
occur in the corner drop orientation at an impact angle of 45° and a
dynamic yield stress of 6000 psi. The deformation resulting from the
corner drop and impact of the ORNL loop tramsport cask at angles of 15
and 45° is illustrated in Fig. 1.40. Under normal conditions, the
thickness of the shielding from the corner to the inside cavity at the

end-plug end of the cask is
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Table 1.6. Maximum deformation and maximum acceleration
computed for the ORNL loop transport cask as a result
of the 30~ft free drop and corner impact

Dynamic yield

Impact stress Maximum deformation  Maximum deformation
angle (psi) (in.) (g's)
g = 15° 6,000 5.15 156
14,000 3.56 238
6 = 45° 6,000 7.24 99
14,000 5.04 141

Il

shielding distance [(12.0 - 2)2 + (9.3)2]1/2

13.66 in.

H]

Since, as given in Table 1.6 and illustrated in Fig. 1.40, the maximum

deformation is 7.24 in., after impact the
effective shielding = 13.66 - 7.24 = 6.42 in.

The shielding losses resulting from either of the corner drop impact
angles investigated are discussed with respect to permissible dose rates
in Sect. 4.

When the corner drop impact angle is 15° and the dynamic yield
stress is 14,000 psi, the cask acceleration would impose substantial
stresses on the end access plug retaining bolts as a result of the
combined deceleration of the plug and the cask contents. The acceler-
ation of the cask in the vertical direction can be separated into axial
and radial components, as illustrated in Fig. 1l.41. The axial component

of acceleration

a = a cos 0
X

i

238(cos 15°) = 230g's , (1.94)
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?

Fig. 1.41. Axial and radial components of vertical acceleration
resulting from 30-ft free drop and corner impact of ORNL loop tramsport
cask.




annd the radial component of acceleration
2z = a sin 15° = 61.6g's . (1.95)
v

if it is assumed that there is no friction betwsen the body of the end

1

access plug and ihe inner liner of the cask, the force (F) on the bolis

retaining the plug is given by the equation
¥ = a w/g s (1.96)
a '“c

where
W = weight of cask plug plus weight of cask conteants
= 150 4+ 177 1b,

g = gravitational constant (1b cft/lbc-secz).
C m T
Theretfore,

F = 327(150 + 177) = 75,210 1b .

Since there are eight 1/2-13NC bolts resisting this force, the force on

W
]

ip]
=
o

Q
}_d
-
-

11
~J
U
N

10/8 = 9401.25 1b. The stress on each bolt is given

o = f/A , (1.97)

where A = stress area of a 1/2-13NC bolt = 0.1419 in.?. Thus the

stress on sach plug rvetaining bolt is

G = 9401.25/0.1414 = 46,253 psi .

This is less than tihie ultimate strength of the stainless steel bolts, 1?2
and the plug and cask conients will be retained with no exposure or

radiation loss. The 30~-ft free drop and cormer impact of the ORNL loop
transpovt cask at a 15° angle might cause a loss of secondary contain-

ment at the plug gasket, but primary containment of the cask contents
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would be maintained by encapsulation or by an ioner 2R container, asz

attested to in Appendix D.

1.6.1.3 Top impact orientation. Impact directly on the horizon

cask lifting eyes would result in deformation of the eves, localized

bending of the outer shell of the cask, and local displacement of

lead. The analysis techunique discussed in Sect. 1.5.6 for the 3-it
free drop and top impact of the ORNL loop transport cask was used fo
evaluate the damage, deformation, and acceleration resulting from the
30-ft free drop and top impact of the cask. The coumplete respounss of

the cask to this impact orientatioon is given in Table 1.7.

Table 1.7. Response of ORNL loop transport cask to 30-£f1 free dvop
and impact on top lifting eves

Response and cask with dynamic

vield stress of
6000 psi 14,000 psi
Maximum scceleration, g's 250 310
Defdrmation of lugs, in. 0.78 1.248
Deformation of cask, in. 1.14 0.26
Energy absorbed by lugs, 2,400,000 4,650,000
in.-1b
Energy absorbed by cask, 3,350,000 1,100,060
in.-1b
Total energy, in.-1b 5,750,000 5,750,000

The response curves used to determine the energy fractions dissi-
pated in deforming the lifting eyes and cask body are shown in Fig.

1.42, and the corresponding energy-deformation relationships are illus-

trated in Figs. 1.43, 1.44, avd 1.45. The model of the lifting eves
used as input to the 1014 CASK computer program, which was uwsed to
obtain the response of the cask lifting eves to impact, is jllustrated
in Fig. 1.46(a), and the resulting cask shielding loss is illustrated I

Fig. 1.46{(b). The 30~ft free drop end subgsequent impact of the ORNL
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loop transport cask on its top lifting eyes will not result in a signif-
icant loss of shielding, and the structural integrity of the cask will
not be affected. The accelerations experienced by the cask in the top
impact orientation would be less than those experienced in the side

impact orientation.

1.6.2 Puncture

The second in the sequence of hypothetical accident conditions to
which the cask must be subjected is a free drop through a distance of
40 in. to strike, in a position in which maximum damage is expected, the
top end of a vertical cylindrical mild—steelkbar mounted to 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 package but not less than 8 in.
long. The long axis of this bar shall be perpendicular to the unyielding
horizontal surface and normal to the surface of the package upon impact.

Previously published data®® indicate that a lead-shielded cask clad
with mild steel that weighs 16,000 1b would require an outer shell
thickness of 0.41 in. to resist puncture, as indicated in Fig. 1.47,
which is a reproduction of Fig. 23 in ref. 25 with the equation for the
relationship between the physical properties of the outer shell and the
cask weight added. Inasmuch as the outer shell of the ORNL loop transport
cask 4s 0.68 in. thick, it was éoncluded that the outer shell of the
cask would not be punctured as a result of a 40-in. free drop and
impact on the 6-in.~diam mild steel bar. If the cask were to impact on
the bar in the vicinity of one of the cask closures, secondary contain-
ment would be lost and there would be a minimal local reduction in

shielding.

1.6.3 Thermal condition

The third in the sequence of hypothetical accident conditions to
which the package must be subjected is exposure for 30 min within a

source of radiant heat having a temperature of 1475°F and an emigsivity
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coefficient of 0.9 or equivalent. TFor calculational purposes, it shall
be assumed that the package has an absorption coefficient of 0.8. The
package shall not be cooled artificially until 3 hr after the 30-min
test period has expired and the temperature at the center of the package
has begun to fall, unless it can be shown that the temperature at the
center of the package has begun to fall in lessg than 3 hr.

The effects of the stipulated thermal condition on the ORNL loop
transport cask were analyzed by using the saue geometric model used for
analysis of the heat conditions of normal transport in a HEATING-3
computer calculation. This wmodel, the maximum temperatures and pres-
sures computed to result from the prescribed thermal condition, and an
assessment of potential dawage to the cask are discussed in Sect. 2. Ex-
posure of the ORNL loop transport cask to the thermal condition will not
affect its ability to withstand water immersion. No thermal gradients
{temperature differences) large enough to result in significant therwmal
stresses will vesult from exposure of the cask to the accident thermal

condition.

1.6.3.1 Thermal expansion. During exposure of the ORNL loop trans-

port cask to the thermal condition, a portion of the lead will melt.

The maximum quantity of wmelted lead was computed to occur a few minutes
after termination of the 30-min exposure, as indicated in Sect. 2. It
is not known whether the outer shell of the cask will be ruptured as a
tesult of the free-~drop condition. If the cask shell was not ruptured,
it would be required to expand to accommodate the increase in the volume
of lead resulting from melting and thermal expansion. The following
caleulations demonstrate that the outer shell of the cask can expand to
accommodate the increased volume without catastrophic failure. The
assumptions made in the analysis of the heat condition of normal trans~
port were also made for this analysis, and the temperatures, dimensions,
ete., used in the calculations are given in Table 1.8. The location of
the dimension symbols given in Table 1.8 is shown in Fig. 1.48. The
temperatures given in Table 1.8 are average temperatures taken from
computer output, and the thermal coefficients {a) of expansion are from

Table 1.1.
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Table 1.8. Parameters used to evaluate effects of thermal expansion
from hypothetical accident on the ORNL loop transport cask

Coefficient
Final of thermal Cold Final
Dimension temperature AT expansion dimension dimension
symbol (°F) (°F) (in./in. -°F) (in.) (in.)
r 550 480 6.5 x 1076 11.31 11.35
r, 410 340 9.2 x 1070 3.00 3.01
T 420 350 9.2 x 107° 4.00 4.01
r 10.46
ro 9.31
21 410 340 9.2 x 1076 34,81 34.92
% 420 350 .2 x 1076 8.88 8.91
23 550 480 6.5 x 107° 43.69 43,83
Ly Melted lead 2.10

ORNL DWG 75-498

Fig. 1.48. Model of ORNL loop transport cask used for evaluation
of thermal expansion effects.
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From the dimension symbols illustrated in Fig. 1.48, the volume of

lead in the cask outer shell is given by the following equation:
= 2 - 2y + 2 _ 2 .
v ﬂ[zl(ro ri) Zz(ro rp)] . (1.98)

Substitution of the cold-dimension data given in Table 1.8 in Eq. (1.98)

yields the initial volume (Vi) of the cask outer shell:

7{34.8L1(11.31)% - (3.0)2] + 8.88[(11.31)? - (4.0)21}

<
L]

16,127 in.3.

Substitution of the appropriate final-dimension data given in Table 1.8

in Eq. (1.98) vields the final volume (Vf) of the cask outer shell:

1{34.92{(11.35)% - (3.01)2] + 8.91[(11.35)2 - (4.01)21}

<
]

]

16,294 in.3 .

The volume of melted lead (Vm) is given by the following equation:

<
il

2nlri(xrg - ) (2y/2)]) (1.99)
= 21[10.46(11.31 ~ 9.31)(2.10/2)]
= 138 in.3 .

The final volume of lead (VL) is given by the equation

VL = Vi + ViaT + Vmam , (1.100)
where
Oy = volumetric expansion coefficient for solid lead
= 0.024,°
a = volumetric expansion coefficient for melted lead

= 0.0325.9
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Therefore,

VI = 16,127 + 16,127(0.024) + 138(0.0325)

Il

16,518.5 in.3

The increase in volume that must be accommodated by the outer shell of

the cask is as follows:

AV =V, - V. = 16,518.5 ~ 16,294 = 224.5 in.3 . (1.101)

The outer shell of the ORNL loop tramsport cask is a complex struc-
ture braced in both the radial and longitudinal directions. It
is further complicated by being of laminated construction. It is felt
that most of the outer-shell expansion will be in the form of circuwmfer-
ential strain. The assumption that all of the strain will be in the
circumferential direction is conservative when used to show that the
cask shell can elongate to accommodate the increase in the volume of

lead. This increase is given by the equation
AV = L3m{[rg(1 + €))% - 3} , (1.102)

where ¢ = the circumferential strain (in./in.). Solution of Eq. (1.102)

for ¢ yields
e? = 2 ~ AV/(L3TT§) =0 . (1.103)
By the quadratic formula,

e = {2+ [(2)7 + 4(1)aV/237x§)11/2}/2 (1.104)

1+

{-2 % [(2)2 + 4(224.5)/43.83n1(11.35)211/2}/2

i

14+

0.0063 in./din.
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This strain and the corresponding stresg are swall when compared with
the ultimate strain (elongation) and ultimate stress of wmild steel (see
Table 1.1). It was therefore concluded that the outer shell of the ORNL
loop tramsport cask will not rupture as a result of differential thermal
expansion caused by exposure to the stipulated thermal condition of the

hypothetical accident.

1.6.3.2 Pressure stresses. The maximum pressure within the cask

cavity during exposure of the ORNL loop tranmsport cask to the thermal
condition of the hypothetical accident was computed to be 9.4 psig (sese
Sect. 2). The tensile stress (Ot) in the bolts retaining the access

plugs that will result from this internal pressure is given by the

equation

o, = pﬁrzl(nA) . (1.105)
where

p = pressure (psi),

r = radius of the plug (in.),

n = number of bolts retaining the plug,

stress area of ome bolt (from ref. 17) (in.%).

i

The area of each cask plug that is pressure loaded has a diameter of
approximately 8 in., and each plugkis secured by eight 1/2-13NC bolts.

Therefore, the stress in the bolts is

9.41(4)2/8(0.141)

[}
#

il

419 psi .

At this stress, the bolts will continue to secure the plugs to the cask,

and shielding effectiveness would be maintained.
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1.6.4 Water immersion

The fourth and last condition in the sequence of hypothetical
accident conditions to which the package must be subjected is immersion
in water to the extent that all portions of the package are under at
least 3 ft of water for a period of not less than 8 hr.

It has been concluded that a 30-ft free drop and corner impact of
the ORNL loop transport cask at a 15° angle would in all probability
cause fajlure of the plug seals and a loss of secondary containment.
Immersion in water would therefore result in flooding of the cask cavity.
It has also been councluded that primary containment of the cask would
not be breached as a result of any of the preceding hypothetical acci-
dent conditions. Thus the encapsulated cask contents would not be in
direct contact with the water, and no radioactive material would be
transferred to the water. The water would not decrease the effective-
ness of the cask by corrosion or similar deterioration; the effect of

the cavity flooding on criticality is covered in Sect. 5.

1.7 Special Form

The radioactive and fissile materials shipped in the ORNL loop
transport cask are either encased in unbreached metal cladding or placed

in a 2R container”

or encapsulated to conform with the requirements for
special form materials. The ORNL Operations Division certifies that its
encapsulated materials conform to the special form requirements of Annex
4 of MC 0529.2 The prescribed tests have been performed on a number of
capsule designs. When a design is similar in size, massg, wall thickness,
material, weld design, etc., to a previously tested capsule, the design
is certified as special form on the basis of previous test results. If
this similarity does not exist, a prototype must be tested as prescribed
by the regulations.! A typical example of a special form capsule is
illustrated in Fig. 1.49. The capsule cross section may be circular or

rectangular.
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1.8 TInner Contaiver Design

Typical innetr 2R containers used at ORNL for shipment of solid
radioactive material are illustrated in Figs. 1.50 through 1.53. The
materials of construction and bolting for these containers are limited
to austenitic stainless steels or other materials which maintain their
ductility at temperatures as laow as —-40°F. These materials are pur-
chased in accordance with ASME or ASTM specifications. The design
temperature for the 2R container is taken as 440°F, which is the maximum
temperature computed for the inner container under normal conditions of
transport {(Sect. 2). When it is assumed that the 2R container and
contents are assembled at an ambient temperature of 70°F and air pres-
sure of 14.7 psia, a temperature of 440°F will produce a pressure inside

the container of

pyr = PITZ/Tl = [14.7(440 + 460)1/(70 + 460) (1.106)

1§

25 psia .

When it is assumed that the least external pressure experienced by the
container will be 0.5 times the standard atmospheric pressure (Sect. 1.5.3),
the greatest gauge pressure experienced will be 25 -~ 7.35 = 17.7 psig.
The design pressure for the 2R container was therefore established
consarvatively as 20 psig. The design stress is 10,300 psi, which is
the minimum listed in Sect. VIII?® tables for a temperature of 500°F.
The 2R containers used im the ORNL loop transport cask will have
the minimum head and wall thicknesses given in Table 1.9. These dimen—
sions are based on the requivements of Specification 2R" and Sect. VITI
of the ASME Boiler and Pressure Vessel Code. The equations used to
determine these thicknesses are the applicable egquations for sizing
pressure vessel shells and heads given in Sect. VIII of the ASME code.
The applicable equation for determining the shell thickness is Eq. (1)

in paragraph UG 27:

t = pr/(SE -~ 0.6p) , (1.107)
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where

ad
i

wall thickness (in.),

H
it

radius of container (in.),

10,300 psi,

il
8§

allowable stress

1 for 2R containers.

]

E = joint efficiency

Table 1.9. Dimension schedule for Specification 2R containers

Dimensions (in.) for symbols

shown in Fig. 1.50 Bolt
d tS tf th ta No. Size
2 3732 3/16 3/16 3/8 4 1/4-20
3 1/8 1/4 1/4 3/8 6 1/4-20
4 1/8 1/4 1/4 3/8 ) 1/4-20
5 1/8 1/4 1/4 3/8 6 5/16-18
6 5/16-18

5 3/4 1/8 3/8 1/4 3/8

The applicable esquation for determining the thickness of the top and

bottom heads is Eq. (1) in paragraph UG 34:

t = d(cp/s)t/2 (1.108)
where

d = diameter of head (in.),

C = factor dependent upon method of attachment used for head.

The stress in the bolts of bolted 2R containers resulting from

internal pressure is given by the equation

o, = (pA)/(nAy) = (pﬂdz)/(ﬁnAS) , (1.109)
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where
p = internal gauge pressure (psi),
A = area of coutainer 1lid exposed to internal pressure (in.?%),
n = number of bolts,
A_ = stress area of one bolt (in.?),

d = diameter of container 1lid (in.).

The greatest stress on the 5/16~18 bolts (Table 1.9) will occur for the
greatest value of d2/nAS. As indicated in Table 1.9, this will be when
the diameter of:the container 1lid is 5.75 in., the number of bolts is
six, and the stress area of one 5/16-18 bolt is 0.0524 in.2.1'7  The

resulting stress

o, = 20m(5.75)7/4(6)(0.0524) = 1652 psi .

The Specification 2R containers shipped in the ORNL loop transport
cask are fabricated in accordance with ORNL Quality Assurance Procedures.
Applicable approved ORNL procedures are used for welding, and all welds
are inspected in accordance with approved ORNL weld inspection procedures.
The bolting for the Specification 2R container is increased beyond that
required for pressure tightness under the hypothetical accident conditions.
Some dimensions of these containers are increased beyond the calculated
values or those required by Specification 2R to facilitate fabrication.
Silicone rubber gaskets or metallic gaskets made from metals with melting
points higher than 800°F are used in 2R countainers shipped in the ORNL

loop transport cask.

2. THERMAL EVALUATION

The temperatures and internal pressures resulting from exposure of
the ORNL loop tramsport cask to the prescribed heat conditions of normal
transport and the thermal condition of the hypothetical accident are
discussed in this section. The existing ORNL computer program HEATING-3,18
modified to evaluate phase change of materials, was used to compute the

temperature distribution in the cask and its contents under the specified
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conditions. The thermal properties of the cask materials used in the

temperature distribution computations are given in Table 2.1.

2.1 Thermal Evaluation for Normal Conditions of Transport

The ERDA regulations2 stipulate that the shipping package be able
to withstand direct sunlight at an ambient temperature of 130°F in still
air without reducing the effectiveness of the packaging. For this case,
the maximum permissible internal heat load of 1000 W was assumed. The

regulations3

set forth by DOT stipulate that the temperature of any
accessible surface of the fully loaded shipping package in the shade in
still air at an ambient temperature shall not exceed 122°F when the
package is shipped by common carrier, and 180°F when the package is
transported on a sole-use vehicle. For this case, ambient temperature
was assumed to be 100°F, and internal decay-heat loads of 500 and 1000 W

were assumed.

2.1.1 Thermal model

The model of the ORNL loop tranmnsport cask used in the computer heat
transfer computations is illustrated in Fig. 2.1. The contents of the
cask were modeled as a homogeneous cylinder with a nominal diameter of
5.5 in. and length of 66 in., physical properties of staihless steel,
and decay heat distributed evenly throughout. For modeling purposes, it
was assumed that radiation and conduction were the only modes of heat
transfer across the internal air gaps. It is also assumed that the
heat transfer is symmetric and the top is insulated. Since the wipers
on the underside of the fire shield (Dwgs. M~11109-EL-020-E and EL-021-D
in Appendix A) effectively curtail natural convectiom air loops, the
heat transfer modes operating in the regions separating the cask from
the fire shield may be considered to consist exclusively of radiation
and conduction.

When the steady~state temperature distribution was computed for
exposure of the cask to direct sunlight in still air at an ambient
temperature of 130°F, it was assumed that a solar heat flux of 144

Btu/hr-ft? was incident on the entire outer surface of the fire shield.



Table 2.1. roperties of cask materials used in thermal analyses

Temperature Thermal conductivity Density Heat capacity Latent heat
Material (°r {(Btu/hr«ft+°F) (1n/in. ) (Btu/1b+°F) {Btu/1b)
Lead™” 0 21 0.41 0.031
617 1¢.96
1000 14 0.29
Steel” 0 8.3 0.29 0.12
2000 17
Aird 0 0.013 0.00005 0.24
400 0.023
800 ¢.030
1200 0.037
1500 G.040 0.000017
20090 0.047

a ; . ‘s . . ; e . . - - e .

The thermal conductivity, demsity, ancé specific heat of leac were obrained from J. P. Holman, Heat
Transfer, McGraw-Hill, New York, 1972.

b . : . A . T
The latent heat of lead was obtained from W. M. Rohsenow et al., Handbook of Heat Transfer, McGraw-Hill,
New York, 1973,

e , Lo : L , . .

The properties of mild steel (SAW 1020 carbon steel) were obtained from A Compilation of Thermal
Property Data for Computer Heat-Conduction Calculations, UCRL-50589, Lawrence Radiation Laboratory.

The properties of air were obtfained

from K. Kreith, Principies of Heat Transfer, Internmational
Textbook Company, Scranton, Pa., 1965,

711
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The fraction of the incident solar flux absorbed by the cask would be
equal ro the absorptivity of the outer surface of the cask, and it was
assumed that this absorptivity is 0.6, for which the net heat flux

absorbed by the cask would be 86.4 Btu/hr-ft?.

2.1.2 Maximum temperatures

Temperatures at points of interest throughout the ORNL loop trans—
port cask resulting from its exposure to the prescribed heat conditions
of normal transport are given in Table 2.2. The maximum temperature of
any accessible surface of the cask in the shade in still air at an
ambient temperature of 100°F was computed to be 120°F when the internal
heat load of the cask was 500 W. This maximum temperature occurred at
midpoint of the bottom of the cask and is less than the allowable
temperature of 122°F for transport by common cask. With an internal
heat load of 1000 W, the maximum temperature of any accessible surface
of the cask was computed to be 140°F, which is less than the allowable
remperature of 180°F for transport by a sole-use vehicle. The highest
temperatures in the cask occurred when the internal heat load was 1000 W
and the cask was subjected to direct sunlight in still air at an ambient
temperature of 130°F. The maximum temperature of any accessible surface
of the cask was computed to be 210°F.

The simplifying assumption that the contents of the ORNL loop
transport cask consist of a homogeneous soil (Sect. 2.1.1) rather than
an array of cylindrical rods results in a computed temperature at the
centerline of the cask contents that is lower than the actual tempera-
ture would be. A correlation?’ for calculating a corrected centerline
temperature for a triangular array of cylindrical rods is given by the

following equation:

Ty = [(K/0")(Q1/A1) + (12)*]0-25 (2.1)
where
Ty = temperature at the center of the cask contents (°R),
K = dimensionless constant from ¥Fig. 19 of ref. 27 = 11,
o' = 0.1714 x 1077 Btu/hr-ft?-°R,
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Table 2.2. Temperatures computed for ORNL loop tramsport cask
under normal conditions of transport

Cask temperatures (°F) in

Shade at 100°F with
internal heat load of

Node Direct sun at
location 500 W 1000 W 130°F and 1000 W

1 270 400 440
16 160 230 280
26 150 210 270
30 120 140 210
196 160 220 280
206 150 200 260
210 120 130 210
271 230 350 390
601 150 210 270
608 150 210 270
882 150 210 260
1036 120 140 210
1050 110 110 190

“See Fig. 2.1.

Ql/Al
Ts

heat flux from one rod in the array (Btu/hr-ft?),

it

mean temperature of the 2R container resulting from
exposure of the cask with an internal heat load of 1000 W

to direct sunlight at an ambient temperature of 130°F (°R).

To provide comnservative results, the maximum temperature of the 2R
container was used at Tp; in Eq. (2.1). This temperature occurred at
node 271 and was computed to be 390°F (850°R). Based on an array of

thirty-seven 1/4-in.-diam rods, the area of one rod

I

Ay = ndL = [w(0.25)(54.375)]1/144 (2.2)

I

0.2966 ft? ,
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and the heat rate of one rod

Q; = (1000 W/37 rods)(3.413 Btu/hr-W) (2.3)

i

92.24 Bru/hrerod .

Thus the maximum temperaturs at the center of the cask contents

It

Ty = [(11/0.1714 x 1078)(92.24/0.2966) + (850)*]10-25

il

1260°R = 800°F .
Neither a fuel element, experiweni, nor special form cladding will fail
at this temperature., It is belew the melting-poeint temperature of

cladding material.

2,1.3 Minimum temperatures

The vegulatiomns set forih by DOT require that the cask be able to
withstand an ambient temperature of -40°F in still air and shade. As
discussed in Sect. 1.5.2, no reasons ware found to indicate that the
effectriveness of the ORNL loop transport cask weould be veduced by
exposure to the stipulatad minimum temperature.

I

2.1.4 Maxiwmum interinal pressures

The pressure in the internal air gaps of the cask will increase as
a result of exposure of the ORNL loop tramgport cask to the heat con-
ditions of normal transport. The pressures resulting from exposure of
the cask to the maximum heat condition of norwal trangport were esti-
mated by using the ideal relationship of the perfect—gas laws exemplified

in Eg. (2.4):

p2 = p1{To/T1) . (2.4)
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The assumptions made for these estimates included a constant volume, a
cask sealing temperature (T;) of 70°F (530°R), and a sealing pressure
(p1) of 14.7 psia. The elevated gas temperatures (T;) used were average
temperatures obtained from the computer output. For air trapped in the

inner container of the cask, the resulting pressure

py = 14.7(440 + 460)/530 = 25 psia = 10.3 psig .

The resulting pressure of the air trapped in the cask cavity

P2 = 14.7(320 + 460)/530

f

21.6 psia = 6.9 psig .

The pressure of the air trapped in the shielding plug cavity

pr = 14.7(270 + 460)/530 = 20.3 psia = 5.6 psi

g »

and the resulting pressure of the air trapped in the lead cavity

py = 14.7(280 + 460)530 = 20.5 psia = 5.8 psig .

These internal pressures resulted from exposure of the ORNL loop trans-
port cask, with an internal heat load of 1000 W, to direct sunlight in

still air at an ambient temperature of 130°F.

2.2 Thermal Hypothetical Accident Evaluation

The third in the sequence of hypotheticel acecident conditions to
which a package used for shipment of fissile or a large quantity of
radioactive material must be subjected is exposure for 30 min within a
source of radiant heat having a temperature of 1475°F and an emissivity
coefficient of 0.9 equivalent. For calculational purposes, it shall be
assumed that the package has an absorption coefficient of 0.8. The
package shall not be cooled artificially until 3 hr after the 30-min
test period has expired and the temperature at the center of the package

has begun to fall, unless it can be shown that the temperature at the
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center of the package has begun to fall in less than 3 hr. Damage from
the free-drop and puncture conditions of the hypothetical accident is not

expected to affect the thermal performance of the container adversely.

2.2.1 Thermal model

The effects of the thermal hypothetical aeccident condition were
analyzed by using the same geometric model of the ORNL loop transport
cask in a HEATING-3 computer calculation that was used to analyze the
effects of the heat condition of normal transpert. This model, described
in Sect. 2.1.1, was used to determine the temperature distribution within
the cask during the 30-min thermal exposure and the postexposure cooldown
period. The steady~-state temperature distribution resulting from expo-
sure of the cask to the normal condition of an ambient temperature of
100°F with an internal heat load of 1000 W was used as the starting
point for the accident condition computations. The boundary coadition
parameters were adjusted to encompass exposure of the cask fire shield
to the radiant heat temperature of 1475°F for a 30-min period. The
surface convection parameters were also adjusted during the postexposure
time period to account for the elevated surface temperature. The post-
exposure period was considered over a long enough period to allow all
cask temperatures to begin decreasing with time. No special cooling was
assumed, only normal radiation and natural convection transfer to the

100°F environment.

2.2.2 Maximum temperatures

The temperature-time history of several points of interest resulting
from exposure of the ORNL loop transport cask to the thermal accident
condition is shown in Fig. 2.2. The locations of these points are
illustrated in Fig. 2.1.

After the cask had been allowed to cool for 10 min, the calculated
temperature at its centerline was 420°F, while the maximum temperature
within the cask was calculated to be 590°F. The maximum temperature of
the primary seal was calculated to be 410°F. Since these temperatures
would not result in harmful effects, the transient computations were

stopped at this point during the cooldown period.
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2.2.3 Maximum pressures

The pressure increase within the cask cavity resulting from expo-
sure to the thermal accident condition cannot be calculated precisely,
since it was predicted that the secondary cask seal would fail. Such a
seal could fail over a broad range of temperatures, and the maximum
temperature at failure was assumed to be the maximum temperature within
the cask cavity. The resulting pressure increase was calculated by
using Eq. (2.4) and the same assumptions made to calculate the pressure
increases resulting from exposure of the ORNL loop transport cask to the
heat condition of normal transport (discussed in Sect. 2.1.4). The
elevated temperatures (T,) used in these computations were average
temperatures obtained from the computer output. The resulting pressure

(pp) of air trapped within the cask cavity

Y

pp = p1(Tp/Ty) (2.5)

14.7(870)/530

il

24.1 psia = 9.4 psig ,

and the resulting pressure within the cask inner container

po = 14.7(860)/530 = 23.9 psia = 9.2 psig .

2.2.4 Damage assessment

Exposure of the ORNL loop transport cask to the thermal condition
of the hypothetical accident will not result in a loss of primary con-
tainment. However, the secondary seals will fail as a result of the
high temperatures; and secondary coolant (air), which is not contami-
nated, will be released. As illustrated in Fig. 2.3, a portion of the
lead within the cask will melt, and the consequence of this potential
shielding loss is discussed in Sect. 4. The deflection of the steel
outer shell of the cask resulting from expansion of the lead was dis-

cussed in Sect. 1.6.3.1. It was concluded that exposure of the ORNL
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loop transport cask to the thermal condition of the hypothetical acci-
dent will not result in a loss of containment, radiation doses in
excess of those allowed by the regulations, or catastrophic failure of

the cask shell.

3. CONTAINMENT

The regulationsl”3

require that packages in which fissile or large
quantities of radioactive materials are shipped must maintain contain-
ment of radiocactive contents under the stipulated normal and accident
conditions of tramsport. The containment boundaries and capabilities of

the ORNL loop transport cask are discussed in this section.

3.1. Containment Boundaries

The containment boundaries for the shipping options available with

the ORNL loop transport cask are described in the following paragraphs.

3.1.1 Secondary containment

The cask cavity and the gasketed access plugs form the secondary
containment boundary for all shipments with the ORNL loop transport cask.
This containment boundary is pressure tested in accordance with the

procedures set forth in Appendix E.

3.1.2 Primary containment

The fuel element cladding or experiment shells that served as a
contalinment boundary in the reactor during irradiation can also serve as
the primary containment for shipments. However, if it is known or
suspected that the containment boundary has been breached, the item to
be shipped is enclosed in a Specification 2R" container.

For shipments of special form materials, the primary containment
boundary is formed by the welded encapsulation. A typical special
form encapsulation is illustrated in Fig. 1.49 (Sect. 1.7). If the
material to be shipped is enclosed in a double encapsulation, the outer

welded capsule forms the secondary contaimnment boundary. These lines of



125

containment are leak checked routinely by using mass spectrometer or

leak detection techniques with an elevated-~temperature solution-immersion
bubble. Irradiated metal specimens that conform to the requirements for
special form materials are sometimes shipped in the ORNL loop transport
cask. These specimens do not have transferable surface contamination in
excess of allowable limits, and they therefore do not require a primary
containment vessel.

All other materials which do not conform to the requirements for
special form materials are placed in Specification 2R containers, which
form the primary containment boundary, for shipment. Typical examples
of the 2R containers used at ORNL are illustrated in Figs. 1.50 through
1.53 (Sect. 1.8). These contaihers are designed to be leak-tight to the
extent that water will not leak from them at the anticipated maximum
temperature and pressure. The container illustrated in Fig. 1.51 is
designed for leak éhecking and will be leak-tight to the extent that
leaks cannot be detected by using pressure-drop-over-time techniques.
All powders and other dispersible materials are shipped in 2R containers
that are leak checked, while solids, such as metal specimens, etc., can

be shipped in containers that are not designed for leak checking.

3.2 Requirements for Normal Conditions of Transport

The Specification 2R containers are designed (Sect. 1.8) to with-
stand temperatures and pressures in excess of those encountered during
normal transport. Thus, no release of radioéctive material and no loss
or contamination of coolant will result from exposure of the inner 2R
containers to the normal conditiomns of transport. The test sequence fqr
special form materials is more severe than the normal conditions of
transport, and no release of radioactive materials is expected to result
from exposure of those containment vessels to the normal conditions of
transport. The resulting pressure increases will be less than those
experienced in the thermal test for special form materials, and there
will be no loss or contamination of coolant (air).

Exposure of the ORNL loop transport cask to the normal conditions

of transport will not result in a loss of secondary containment. The
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pressure increase in the cask cavity will not be in excess of the allow-
able pressure, and the temperatures encounitered will be within the
operating limits of the materials forming the bouadary of secondary

containment.

3.3 Requiremeats for Accident Conditions

It has been concluded that secondary containment will be lost as a
result of exposure of the ORNL loop tramsport cask to the hypothetical
accident conditions. The free~drop condition of the hypothetical acci-
dent would result in failure of mechanical seals and possibly in the
rupture of welds in the secondary containment. FExposure of the cask to
the thermal condition of the hypothetical accident would result in
decomposition of closure gaskets. Despite the loss of secondary contain-
ment it has been concluded that primary containment of radioactive
materials will be maintained during and after exposure of the cask to

the hypothetical accident conditions.

3.3.1 Special form materials

The test series for special form materials demonstrates that the
encapsulation around these materials will not fail or lesk contents as a
result of the specified free drops. The thermal test stipulated for
special form materials results in temperatures in excess of those com-
puted for the cask contents during and after exposure to the thermal
condition of the hypothetical accident (Sect. 2). The water immersion
test for special form materials is identical to that for the hypothetical
accident. It was therefore concluded that if special form materials are
shipped in the ORNL loop transport cask, primary containment will be
maintained during and after exposure of the cask to the conditions of

the hypothetical accident.

3.3.2 Inper containers

Specification 2R containers"

are used extensively at ORNL in con-
junction with various shielded casks for the shipment of radioactive

materials. The design standards for these containers are discussed in
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Sect. 1.8. The design pressure and temperature of the 2R containers
were not exceeded during or after exposure of the ORNL loop transport
cask to the thermal condition of the hypothetical accident. The com~
puted temperature of the inner container primary seal did not reach
410°F (¥ig. 2.2), and data published by the Parker Seal Company % indi-
cate that these silicone rubber gaskets have a maximum service tempera-
ture of 450°F. It was therefore concluded that primary containment
afforded by inmer 2R containers would not be lost as a result of expo-~
sure of the ORNL loop transport cask to the thermal condition of the
hypothetical accident. The tests outlined in Sect. 3.3.3 were conducted
to demonstrate thé ability of 2R containers to maintain their integrity

and containment ability after the 30-ft free dyrop and subsequent impact.

3.3.3 TIpner container drop test

On August 21, 1974, two Sepcification 2R containers were drop
tested at ORNL to establish the adequacy of this type of inner container
as the primary containment vessel for radioactive materials. These
containers are illustrated in Fig. 3.1. The 2R containers are normally
assembled by using forged caps for both end closures, and one cap is
often welded to the pipe to enhance structural integrity. Both mild
steel and stainless steel pipe and caps have been used for 2R containers.

For the drop tests described here, cast steel (malleable) caps were
used at one end of the containers because of a temporary shortage of
forged caps. In each of the drop tests, the forged cap was nearest the
point of impact. The cast cap was not considered a part of the test
except to facilitate leak testing. Both containers were soap-bubble
leak tested with air at a pressure of 10 psig prior to impact testing,
and there were no detectable leaks.

The first container tested was filled with tap water, placed in an
existing casing, as illustrated in Fig. 3.2, and dropped through a
distance of 30 ft to impact on the ORNL test pad at an angle of approxi-~
mately 17.3°. The angle of impact was calculated from the dimensions of
the casing deformation. The casing was used to simulate the protection

afforded by the cask. The second container was also filled with tap
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Fig. 3.1. Specification 2R containers used in drop tests.
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water, placed in the casing, and dropped to impact on its end. The
containers were drained and soap-bubble tested at a pressure of 10 psig,
and no leaks were detected.

Both containers were then refilled with water, and the first con-
tainer was dropped through a distance of 30 ft onto the test pad without
any outer protection. The container impacted at a very flat, oblique
angle. Although no leakage of water was observed, there were signifi-
cant leaks at both threaded joints when the container was air-soap-
bubble tested at a pressure of 10 psig. The second container was also
dropped without any outer protection so that the plane containing the
point of impact and the center of gravity was essentially vertical.
Again, there was no visible loss of water from the container, but the
air-soap-bubble test at a pressure of 10 psig revealed significant
leakage around the lower (nearest to the point of impact) threaded
joint.

It was therefore concluded that a Specification 2R container made
of threaded stainless or carbon-steel pipe and stainless steel or forged
steel caps is adequate to provide primary containment when inside a
shipping cask. It was also concluded that such a container is not
adequate without some external protection. It is obvious that the
accelerations experienced by the test containers within the steel casing
were of greater magnitude than would actually be experienced by an inner
2R container in a shipping cask subjected to the 30-ft free-drop
condition.

Two inner 2R containers similar to the containers used with the
ORNL loop transport cask were drop tested by members of the ORNL Chemical
Technology Division to establish their containment capability. The
results of these tests, which are given in Appendix D, indicated that
the containers were capable of maintaining containment of their contents

after being subjected to a 30-ft free drop and impact.
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4. SHIELDING

The regulations?,3 governing the shipment of radiocactive aund
fissile materials specify maximum permissible radiation dose rates for
both normal and accident conditions of transport. These permissible
rates and how they are met by the ORNL loop transport cask are discussed

in the following subsections.

4.1 Normal Conditiouns

For normal conditions of tramsport, the regulations stipulate that
the dose rate at the surface of the package is not to exceed 200 millirems/
hr. Also, the transport index is not to exceed 10. This limits the
dose rate at 3 ft from the surface of the package to 10 millirems/br.

The biological shielding for the ORNL loop tramsport cask is formed
by a minimum thickness of 8.3 in. of lead and 0.805 in. of carbon steel
and stainless steel. After loading but priov to removal from the loading
area, the cask is surveyed for conformance to dose rate requirements, as
outlined in the operating procedures {given in Appendix E). This cal-
culation of dose rates to show compliance with the requirements for

normal conditions of transport 1s mot necessary.

4.2 Accident Conditions

For the stipulated accident conditions of transport, the regula-
tions require that any reduction in package shielding not be sufficient
to increase the external radiation dose rate to more than 1000 millirems/
hr at a distance of 3 ft from the outside surface of the package.

The 30~-ft free drop and impact of the ORNL loop transport cask
would result in some local reduction of shielding effectiveness, as
discussed in Sect. 1.6.). These reductions ave illustrated in Figs.
1.34, 1.35, 1.40, and 1.46. The most significant reduction in shielding
results from the side impact, and the effective thickness of the lead
(d) following the side impact is approximately 7.0 in. However, the
calculations presented herein demonstrate that the dose rate will not be

increased beyond the limit allowed by the regnlations.
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Fxposure of the ORNL loop tramsport cask to the stipulated thermal
conditions could result in a reduction of shielding effectiveness if the
outer shell of the cask were to rupture and the molten lead were lost.
Since rupture of the shell was deemed credible because of the unknown
quality of the welds, it was assumed for the accident comndition shielding
evaluation that all of the lead which melts will be lost.

It can be comservatively assumed that all of the photon energy of
the cask contents (source) will be converted to heat. If it is furthex
assumed that the source decays by the liberation of one 1-MeV photon per
disintegration, the photon source that will produce 1000 W of heat (the

cask limit) is given as follows:

1000 W[ (1 MeV/sec)/(1.60206 x 10713)](1 photon/1 MeV)

= 6.24 x 101 photons/sec .

It should be noted here that no neutron sources will be trangported in
the ORNL loop transport cask.

The simple shielding model shown in Fig. 4.1 was used in the dose
rate calculations for the ORNL loop tramsport cask. Assumption of a
line source and slab shield, as illustrated in Fig. 4.1, permits calcu-

lation of the flux (¢) at the dose point by using the following

expression:28
¢ = (5,/2ma) [AF(8,b1) + (1 - A)F(8,by)] , (4.1)
where
SL = photon source per unit length,
a = distance from line source to dose point,

Il

coefficient in two-term exponential expression for
buildup factor (B),

¥(0,b) = geometric function.
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Fig. 4.1. Shielding model used in dose rate calculations for ORNL
loop transport cask.
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The buildup factor

where

oS

u
t
B

uftc

e~uat + (1 - Ae ,

A

= linear attenuation coefficient for the shield material,

thickness of the shield material,

= exponential coefficients determined experimentally.

(4.2)

Buildup in the steel of the cask was neglected, and no shielding credit

was taken for the steel layers since they are thin.

in lead, the following values were used:2°

A

i

il

il

2.45,

0.776 cm™ !,
-0.045,
0.178.

For 1-MeV photons

The geometric function F(9,b) is given by the equation

e

j~ e sec 0" ae" s

0

where

The F functions are available in graphical form in ref. 28.

= angle shown in Fig. 4.1,
= ut,

= u@ + a),

= ust,

= u(l + B).

(4.3)

To calculate the dose rate at a point 3 ft from the point of side

impact, the photon source per unit length
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w
]

(6.24 x 1015 photons/sec)/[65.5 in.(2.54 cm/in.)]

[

3.75 x 1013 photons/cmesec .

The distance from the line scurce to the dose point

il
i

3+ 6.9+ 0.6875 + 36

i

46.59 in. = 118.34 cm.

The thickness of the shield material

t =7 in. = 17.78 cm .

The angle

0 = tan"}(65.5 in./2)/a = 35° .

For the geometric functioms,

pp = p(l + @) = 0.776(1 - 0.045) = 0.74 ,
by = uit = 0.74(17.78) = 13.16 ,
He = p(l + ) = 0.776(1L + 0.178) = 0.91 ,

$4.91(17.78) = 16.18 .

bz = U;t
From ref. 28,

F(35°, 13.16) = 7.2 x 1077 ,

il

F(esbl)

F(35°, 16.18) == 3.3 x 1078

F(e st)
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Substitution of these values in Eq. (4.1) yields

[(3.75 x 10%3)/2n(118.34)1[2.45(7.2 x 1077) - 1.45(3.3 x 1078)]

-
1

[

8.66 x 10" photons/cm?-sec .

To convert this flux to a dose rate, a conversion factor for 1-MeV

photons28 is

(2 x 1073 mR/hr)/(photons/cm?-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 is unity. Thus the dose rate (D) at 3 ft is
D = (8.66 x 10*)(2 x 1073) = 173 millirems/hr .

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

stipulated by the regulations.

5. CRITICALITY

The regulations require that a Figsile Class I package be so
designed and constructed and its contents so limited that any number of
such undamaged packages would be subcritical in any arrangement, and
250 such packages would be subcritical in any arrangement if each pack-
age were subjected to the sequence of the hypothetical accident condi-
tions. Immersion in water must be considered.

The ORNL loop transport cask was approved by the ORNL Criticality
Committee (Appendix F) for a maximum loading of 1250 g of fissile
isotopes (combinations of 235U, 233y, and plutonium), with the stipula-
tion that if the mass loading exceeds 800 g of fissile isotopes, the

material will be so arranged that the fissile loading will not exceed
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250 g per linear foot under normal and accident conditions (Appendix F).
This requirement restricts the contents to a safe mass per foot for
infinitely long water-reflected cylinders and ensures safety during
loading and unloading underwater. The overall mass limit of 1250 g of
figssile isotopes and the 5-3/4-in. inside diameter render the cask safe
against redistribution of the contents in an accident. The contained
fissile material shall be unmoderated. Also, as shown in the structural
analysis, the contents will remain inside the cavity during and after
exposure of the cask to the hypothetical accident conditions, the cask
will not be effectively changed in dimensions, and it can be concluded

that any number of such casks in any arrangement would remain subcritical.

6. QUALITY ASSURANCE

The regulations!»?2 require packaging to be designed, fabricated,
and operated in compliance with an established formal quality assurance

program. Compliance with this requirement is discussed in this section.

6.1 Fabrication, Inspection, and Acceptance Tests

The fabrication work on the ORNL loop transport cask was performed
prior to the requirements for a formal quality asgurance program. The
fabrication was performed in ORNL Shops in accordance with normal shop
fabrication procedures. Material was specified on the original drawings
as “HR STL," any 300-series stainless steel, and lead. There are no
inspection reports or material certifications in existence except as
outlined below,

Minor revisions to the ORNL loop transport cask will be made as a
result of the analysis techniques used in this report. These revisions
will be completed after this report is approved. The modifications will
be done in accordance with ORNL Q.A. Procedures, and will be inspected,
and the inspection report will become part of the cask's permanent
QA file.

Special form materials are fabricated to conform to the requirements
of the regulations, as discussed in Sect. 1.7. Each encapszulation is

leak checked by using appropriate methods. Cladding for fuel elements
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and experiments is fabricated in accordance with established procedures,
and this cladding is leak checked routinely.

The Specification 2R inner containers are designed as discussed in
Sect. 1.8 and fabricated in accordance with ORNL or equivalent quality
assurance procedures. Welds are made by qualified welders and inspected
appropriately. Material is purchased io accordance with ASTM or ASME
specifications. The completed inner containers are inspected for con-
formance to fabrication drawings, and they are pressure tested as
specified by the designer. Reusable inner containers are inspeacted

prior to each use.

6.2 Operating Procedures and Routine Inspection

Operating and routine inspection procedures and standard checklists
to ensure that all shipments are safe and comply with the regulationsl'3
have been prepared and are followed by the ORNL Operations Division.
Copies of the procedures and the checklists are presented in Appendix E.
When the ORNL loop transport cask is loaned to other organizations,
copies of these procedures and checklists are forwarded to that

organization.

6.3 Periodic Maintenance and Inspection

Annual inspections of the ORNL loop transport cask are performed by
personnel of Hot Cell Operations and Inspection Engineering, and an
inspection is performed at the time of each shipment by operating pexr-
sonnel in accordance with the procedures in Appendix E. Upon return to
ORNL, the cask is again visually ionspected to ensure that it is in good
repair. Maintenance is required only when an inspection indicates

damage.
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NAT!ONAL LABORATORY

October 9, 1975

TO: J. H. Evans/E. M. King
FROM: Transportation Committee

SUBJECT: Approval of SARP - ORNL Loop Transport

The ORNL Transportation Committee has reviewed the subject SARP in light
of the requirements (internal review) 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 reduesting a
certificate of compliance and approval of the cask for use in offsite
shiprments of fissile and radicactive materials.

- ~7 2
] A e 4 {”/’m

;ZélgﬂﬁL Transportation Conmittee

’

JNR;:bb
cc: Transportation Committee
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US. ATOMIC ENERGY COMMISSION
Form AEC618
3

(12-73) CERTIFICATE OF COMPLIANCE
A;g;?gol, For Radicactive Materials Packages
1a. Certificate Number tb. Revision No, 1c. Package ldentification No. 1d. Page No. 1e. Total No. Pages.
5753 1 USA/5753/BLF_(DOE~QR) 1 2

2. PREAMBLE

2a. This certificata is issued to satisfy Sections 173.393a, 173.394, 173.395, and 173,396 of the Department of Transportation Hazardous
Materials Regulations (49 CFR 170-189 and 14 CFR 103) and Sections 146-19-10a and 146-19-100 of the Department of Transportation
Dangergus Cargoes Regulations (46 CFR 146-149), as amended.

2b.  The packaging and contents described in item 5 below, meets the safety standards set forth in Subpart C of Title 10, Code of Federa!
Regutations, Part 71, “'Packaging of Radioactive Material for Transport and Transportation of Radiocactive Material Under Certain
Conditions.””

2¢c.  This certificate does not relieve the consignor from compliance with any requirement of the regulaticns of the U.S. Department of
Transporiation or other applicable regutatory agencies, including the government of any country through or into which the package
will be transported,

3. This certificate is issued on the basis of a safety analysis report of the package design or application—

(1) Prepared by (Name and address): (2} Title and Identification of report or application: (3) Date:
. . Noyember 1977
Oak Ridge National Laboratory Safety Analysis Report for Packagimg
Post Office Box X ORNL Loop Transport Cask

Oak Ridge, Tennessee 37830
Report No,: ORNL/ENG/TM-11

4, CONDITIONS

This certificate is conditional upon the fulfilling of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions specified
in item § below.

5. Description of Packaging and Authorized Contents, Madel Number, Fissile Class, Other Conditions, and References:
(a) Packaging:
(1) Model No.,: ORNL Loop Tramsport Cask

(2) Description:

Packaging for irradiated experimental capsules and spent fuel elements,
Containment consists of the cladding or jackets of fuel elements or
capsules or an inner container meeting DOT Specification ZR or special
form, The inner cavity is 5 3/4 in, diameter x 68 in. long. The out~
side dimensions are 24 in. diameter x 89 3/8 in. long. Shielding consists
of a minimum thickness of 8 5/16 in. lead with a 1/8 in. thick dinner
stainless steel liner and an outer shell consisting of a 24 in. schedule 40
carbon steel pipe. Access to the cavity is through:

(i) A sliding door having 8 1/2 in, closure bolts,
(ii) A plug omn the opposite end having 8 1/2 in, closure bolts.

Each opening is gasketed with a neoprene gasket, The gross weight of the
cask is 16,150 1b, The skid weight is about 1000 1b,

6a. Date of Issuance: October 17, 1977 [ 6b. Expiration Date:
. FOR THE US. ATOMIC ENERGY COMMISSION
J7a. Address of Issuing Gffice? 7b. Signature, Name, and Title of Approving Otficial §
Department of Energy WAL onans Tocanetg
Post Office Box E William H, Travis, Director

Oak Ridge, Tennessee 37830 Safety & Environmental Control Division
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Page 2 ~ Certificate of Compliance, No., USA/5753/BLF (DOE~OR), Revision 1

(b)

(c)

(2)

(3)

€H)

(2)

Description (continued)

A fire ghield consisting of 30 in. diameter mild steel cover 1/8 ia.
thick and painted with intumescent paint surrounds the cask.

Drawings:

The cask was constructad and modified in accordance with ORNL Drawings
1-11109-EL~008~D through ~013~D, -020-E, and -021-D,

Contents:

Type and Form of Material

Solid, large quauntity of radioactive materials, fissile and non-fissile,
increased in metal cladding, meeting special form or packaged in DOT
Specification 2R inner container and whose decay heat load does not
exceed 450 watts when shipped by Common Carrier., When shipped by ex-
clusive use vehicle, the decay heat will not exceed 1,000 watts,

Maximum Quantity of Material per Package
Fissile material is limited to 1250g. per shipment; however, if the total

quantity of fissile material exceeds 800g., the distribution of fissile
material is further limited to 200g. per linear ft,

Figgile Class I






Appendix C

DERIVATION OF EQUATIONS AND COMPUTER LISTINGS

Equations are derived and listings are given herein for the 1001
CASK, 1005 CASK, and 1014 CASK computer programs. A listing is also
presented for the 1018 CASK program.
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C.1 Program 1001 CASK

The 1001 CASK computer program was written to compute an accel~-
eration-deflection energy history of the impact resulting from a free
drop of a cylindrical cask constructed of a homogeneous material onto
its top corner, The equations necessary for this computation are derived,

and the program listing is presented in the following subsections.

C.1.1 Equation derivation

When a cask constructed of a single, ideally plastic material
impacts on its top corner, the major poriion of the kinetic energy will
be dissipated through displacement of material in the {impact area. An
ideally plastic material is one which has a stress-strain relationship
that can be represented by a horizontal line., The following expression
can be used as a basis for determining the effect of a top~corner impact

on the cask:

du = S dv , (c.1)

where
U = energy absorbed,
S = quantity of energy required to displace a unit volume of

material or stress divided by strain,
V = volume of material displaced.

The lack of an accurate numerical value for the term S in Eq. (C.1)
necessitates a conservative estimation. With reference to the computa-

tional diagram shown in Fig. C.1, it can be said that

dv = (XY dz)/2 , (c.2)

where, by trigonometry,

X

R(cos B - cos A),

it

Y = X(tan o) = (tan a) R {(cos B ~ cos A),

dz R cos B dB.
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Computational diagram for top-corner impact of cask.
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It follows that

du = (SXY dz)/2 , (C.3)

U =2 d0 = £ (SXY dz)/2 . (C.4)

Equation (C.4) can be solved readily by using the computer. A value for
the angle A (illustrated in Fig. C.1l) can be assumed, and the angle B
can be incremented from «A to A, or from 0 to A if the result is multi-
plied by 2, and the energy required for the assumed deformation can be
computed. The value for the angle A is started small and increased in
small increments, and the energy required for deformation at each
increment is compared with the potential energy of the cask. In this
manner, a computed impact history is produced.

The 1001 CASK computer program also computes other variables by

using the following expressions. The maximum deformation

A = R{sin a)(1 ~ cos A) . (C.5)

The applied force

F = du/da . (C.6)
Acceleration

Q= Fgc/w , (c.7)
where

g = gravitational constant (1bm-ft/lbf'sec2),

c
W = weight (1b).
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The velocity (v) at any increment is found by using the kinetic energy

(KE) relationship

AKE = U = n(v§ _ y2y/2 | (C.8)
or
v = (vh - 20/mt/2 = [(2g /W) (wn - 1)]Y/2 €.9)
where
vg = initial velocity (fps),
m = mass of cask (lbesec?/ft),
h = drop height (ft).

The time is computed by using summary techniques and the relationship

a = dv/dt

or

dt = dv/a . (C.10)

The foregoing relationships are valid regardless of the angle at
which the cask impacts the surface onto which it falls. 1If the impact
is directed through the center of gravity of the cask, the drop is a
center~of-gravity drop, and all the energy will be dissipated on the
initial impact. If the drop angle is other than the angle required for
a center of gravity drop, the cask will retain a portion of its potential
energy as kinetic energy and revolve about the impact point. The kinetic
energy will be dissipated on secondary impact of the cask. This case
can be calculated by using the basic theory of impulse and momentum. A
similar case was handled by Beer and Johnston on p. 695 of Mechanics for

Engineers, and their approach was used in this analysis.
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From application of the principles of impulse and momentum, as
illustrated in Fig. C.2, it can be seen that the only impulsive forces
external to the cask are impulsive reactions F and friction (R). Taking
moments about the impact point Q,

mvy(sin 8)P + 0 = mvyP + Twy . (c.11)
The cask is rotating about point Q. Therefore,

v, = Pu, . (C.12)

Substitution of Eq. (C.12) into (C.1l) yields

avy (sin 0)P = m(Pw,)P + Tw, . (C.13)
Therefore,

wy = [mvy(sin 6)P)/(mP2 + 1) , (C.14)

v, /P = [mv(sin 6)P)]/(@P? + I) , (C.15)

v, = [mvq(sin 6)P2]/(mP2 + I) . (C.16)

The kinetic energy of the cask after impact is given by the expression

KE, = (1/2)mv2 + (1/2)Tw} . (C.17)
It can be concluded that the energy absorbed on the initial impact

is the difference between the initial potential energy at the drop

height and the kinetic energy in the system after impact. This is shown

as follows:

U absorbed initially = Wh - KE, .
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The preceding formulations were coded in FORTRAN and are a part of the

1001 CASK computer program.

C.1.2 Program listing

The 1001 CASK computer program listing is given here.
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*%FIN,L,E,G.

leXeEeEeEe RNz EeNs Ko Ne s Ke RsKe Rt RN e Ne Ko Re X e Ko NP R K]

C

PROGRAM NUMBEP 1001-CASK - MODIFIED

THIS PRCGRAM COMTUTES THE L[IZPONSE OF A CASK HAVING RIGHT CYLINDRICAL
GEOMETRY ON THE INTTIAL IMPACT OW ITS CORNEW. THIS PFROGRAM ASSOUHMES
THE CASK IS MADE OF A HONOGENEOUS MATERIAL HAVING AN IDEAL STRESS-

STRAIN RELATICNSHIP. THE IWMPACT SURFACE IS ASSUNED TO BE AN INFINITELY
HARD UNYYFLDING SURPACE WITH AN INFINITELY HIGH COEFFICENT OF FRICTIOW
WITH THE CASK.

BY JOHN ETVANS P.E., GENERAL ENGINEERING DIVISION, OAK RIDGE NATIONAL LAB.

GICSSLRY OF NOTATION
R=RADIUS OF CASK
C=CASK LENGTH
S=YYELD STRESS OR FLOW PRESSURE
H=CASK WEIGHT
H=DROP HEIGHT
O=ANGLE AT WHICH CASK THFACTS
THETA=ANGLE BETWEEN VERTICAL AND IMPACT PI~C.G.
ZETA=THE CHANGING THETA ANGLE AFTER IMEACT
U=ENERGY
P=FORCE
T=TIME
AG=ACCELERATION
UT=TOTAL ENERGY
V=VELOCITY
X=DEIFORMATION
AN=ANGLE IR CONTACT / THE SURFACE

DIMENSION V (750}, AR (750),F (750),0 (750}, T{750) ,AN(750),
1 X (750}, G (750) ,ZETAD (750)
PI=3.141596254
S=0.0
ANA = 0.0
INPUT MATERIAL CONSTANT
INPUT CASK GEONETRY
W=16000
c=89.38
R=12.5
0= LTAN(2.%R/C)
INPUT TEST CONDITION
H=36.0
DO 20 §N=1,2
IF(NN .NE. 1} H=3€0.
INPUT ANGLE INCREMENTS
30 BB=.01
AA=.01
DO 326 KC=1,2
$=6000.0
IFP(KC.EQ.2) S=140C0.0
HRITE (51,1002)
WRITFE (51,1002}
WRITE (51,1010) H

1010 FORMAT(1H ,30X,'LOOP TRANSPORT CASK, DROP HT.=',5X,F8.2)

WRITE (51,1002)
WRITE (51,1002)

ZERO SUBSCRIPTED VARIABLES
DO 14 I=1,750
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AN(I)=0.0
AG(1)=0.0
V (1) =0.0
X (I)=0.0
. T (I} =0.0
F(I) =0.0
U (I)=0.0
AR{I)=0.0

14 CONTINUE
C ZERO NOWSUBSCRIMTED VARTRBLES
TA=0.0
A%=0.0
A=0.0
AR=0.0
TY=0.0
U=0.0
XX=0.0
XA=0.0
THE FOLLOWING CALCULATES THE AMOUNT OF ENERGY ABSORBED ON
INITIAL TMPACT FOR A PERFECTLY PLASTIC CASK
GRAV=32, 2%12,
XMASS = W/GRAV
XIMASS=(XHUASS /12, ) % (3. kRE%2  +C*%2 )
UPOTEN=W*{

C PDIST IS THE DISTANCE FROM IMPACT POINT TO CG
PDIST=5QRT ((C/2.) #%*2, +R*%2.)

C THETA IS THE ANGLE OF THE CG WITH RESPECT TG VERTICAL
THETA=0- ATAN (2. #R/C)

C CALCULATE VELOCITY HEFORE THNPACT
VEL1=GRAV*SQRT (2. *H/GRAV)

C CALCULATE ANGULAR AND VECTOR VELOCLTY AFTER IMPACT
OMEGA2=XKASS*VEL1#SIN (FPHETA) *PDIST/ (XMASS*DDIST*%2. +X THASS)
VEL2=0OMEGA2%PLIST

C CALCULATE KINETIC ENERGY REMAINING AFTER IHMPACT
UKINT2={XMASSHVEL2%%2.) /2. + (XIMASS*ONEGA2*%2.) /2.

C CALCULATE ENERGY ABSORBED ON INTIAL IHPACT
UT=UPOTEN-UKI NT2
VV=SQRT({ (64.%1} #12.)

Do 1 1=1,750
AR=0.0
C INCREMENT ANGLE A

9 A=A+AA
CA=COS (A)
B=0.0
RE=0.0
SUNG=0.0

10 DO 2 J=1,750

C TINCREHENT ANGLE B
B=B+BB
CE=COS {B)

C CALCULATE VOLUME DISPLACED

11 CC=(CB~CA)
BY=T AN (0O) ¥R*CC
BX=R*CC
12 D2=R*CB*BB
DU=BY*BX&DZ*S
C CALCULATE ENERGY ABSORBED

a0
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SUMU=STMU+DU
C CALCULATE ARER
13 Da=2.%BX*DZ/CCS (0)
AE=AE+DA
IP(B.GE.A) GO TO 3
2 CONTINUE
3 U (I)=SUMU
AR({I) =AE
C CALCULATE FORCE
F(I) =AR(T)*S
C CALCULATE VELOCITY
IFP(U(I).GE.UT) GO TO 16
5 VA =SQRT ((6U./(12.*H)) *(UT~0 (I}))
16 IF (U(T).GE.UT) VA=0.0
CALCULATE ACCELERATION
AG(I)=FP(I) /N
C CALCULATE DEFORMATION
YA = (TAN (0) *CQS (C) *R*(1.~CA))
T (1) =XA
C CALCULATE TIME
TX=(XA~XX) / ((VV+VA)*6.)
7 TA=TA+TX
T (1) =TA%1000.
XX=XA
V(I)=va
YV=VA
AN (T)=A%57.3
IF(U(I).GE.OT} GO TO &
1 CONTINUE
4 CONTINUE
C THIS SECTION CALCULATES ANGULAR ACCELERATION AND ANGULAR
¢ POSITION WITH RESPECT TO TIHE
TIKE = TA
ALPHA = OMEGA2/TIME
DO 101 J3J=1,I
ZETA =THETA + (ALPHA/2.) *(T (JJ) /1000.) **2.
ZETAD(JJ) = ZETA%S57.3
101 CONTINUE
c OUTPUT-WRITE LOOP
K=I
WRITE (51,1002)
WRITE{51,1004)
1004 FORMAT (1H, 9%,37HCASK GEOMETRY AND MATERIAL EROPERTI ES)
WRITE (51,1002)
WRITE (51, 1005)
1005 FORMAT (1H, 4X,6HRADIUS,8X,6HLENGTH,10X,6HWEIGHT,6X,
1 15HSPECTIFIC ENERGY,7%,1SHENERGY ABSORBED,6X,16HPOTENTIAL ENERGY)
WRITE (51, 1006)
1006 FORMAT (1H, Y4X,6HINCHES,8X,6HINCHES, 10X, 6HPCUNDS, 8X
1 13HLB-IN/CU. IN.,8%,6HIN.LB., 14X ,6HIN.LB.)
WRITE (51,1002}
1002 FORMAT (1HO)
WRITE {51, 1007} R,C,W,S,UT,UPOTEN
1007 PORMAT (F11.3,F14.3,P16.1,F18.1,F18.1,F22. 1)
WRITE (51, 1002)
WRITE (51, 1000)
1000 PORMAT (1H.,4%, 11HDEFORMATION,4X,8HVELOCITY,7X,4%HTINE,13X,5HFORCE,

O

[o-Mep)
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1 10X, 6HENERGY, 5X, 12HACCELERATION, 10X ,SHANGLE)
WRITE (51, 1001)
1001 FORMAT (1H, 6X,6HINCHES,7X,BHFT./SEC.,0X,120KILLISECONDS, 8X,
1 6HPOUNDS, 10X, 6HLB-IN.,10X,3HX G, 12X,  BDEGREES)
WRITE (51,1002)
DO 15 I=1,K
WRITE (51,1003) X(I),V(I),T(I},?(X),0(I),~G(I),2ETAD(I)
1003 FORMAT(1H ,P14.4,F13.2,F16.5,F15.2,F16.2,%12.2,F16.2)
15 CONTINUE
CALL QWIKPL(X,AG,K, LINEAR','J.H.EVANSS')
326 CONTINUE
20 CONTINUE
STOP
END



170

C.2 Program 1005 CASK

The 1005 CASK computer program was written to compute the accel-
eration-deflection energy history of the impact resulting from a free
drop of a cylindrical cask onto its side. The equations necessary for
this computation are derived, and the program listing is presented in

the following subsections.

C.2.1 Equation derivation

When a cylindrical cask fabricated from a homogenous material
impacts on its side, the deformation can be approximated as shown in
Fig. C.3. The volume (V) of material displaced, shown shaded in Fig.

C.3, can be expressed as follows:

(LR?/2) (26 - sin 26) (C.18)

<
b

it

R2L[6 - sin 8 (cos 6)]

For this derivation, it was assumed that the cask is fabricated from an
ideally plastic material, that is, a material which has a stress-strain
relationship that 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 (V) of
material displaced is equal to the energy absorbed (U), as expressed by

the following equation:

U= SV = SR?L(6 - sin 0 cos 8) . (C.19)

Equation (C.19) can be solved by trial and error by assuming values

of 9 and calculating until

U="Wh , (C.20)
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where

weight of the cask (1b),

=
I

drop height (ft).
The deflection

A = RO - cos 8) , (c.21)
and the area (A) at the surface

A= 2LR sin 0 . (C.22)
It follows that the force

F = SA , (C.23)
and the acceleration

a=TF/m= Fgc/W . (C.24)

where
m = mass of cask (lbesec?/ft),

g, = gravitational constant (lbm-ft/lb ‘sec?).

f

A computer program was written to solve these equations for in-
creasing values of 6 until the deformation is sufficient for the absorbed
energy (U) to equal the potential emergy (Wh) of the cask. Velocity (v)

can also be computed from the kinetic energy relationship
U = AKE , (C.25)
and the lapsed time can be computed from the relationship

dt = dv/a . (C.26)
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C.2.2 Program listing

The 1005 CASK computer program lising is given on the following

pages.
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**FTH,1,E,G.

C
C

OO0 OO0N000 .

A OO0OC

FROGFAY NUMBER 1005~CASK

THBIS PROGRAM ANALYZES THE IHPACT OP A CASK HAVIKG FIGHT
CYLINDRICAL GEOMFTRY, TMPACTING WITH ITS AXIS HORIZONTAIL , CODED BY
JOHN PVANS P.E., GEN.ENGK. DIV, CR¥L, JUNE 1973.

LOOP TRANSPORT CASK
GLOSSARY C¥F NCTATION

¥X=DEFLECTION (INCHES)
U=ENEFCY (LE-THCHES)

P=FOKCE (PO OWD 5)

AG=ACCELERATION (G'S)

V=VEIOCITY (FT/SEC)

W=WEIGHT OF THE CASK (POUNDS)

H#=DRCP HETGHT (INCHES)

C=CA SK LENGTH (INCHES)

R=CASK RADIUS (INCHES)

0=ANGLE SUBTENDED EY THE DEFPORMEL AREAZ(RADTIANS)
UT=TCTAL DCTENTIAL ENERGY OF THE CASK {LB-INCHES)
T=SHELL THICENESS (IN.)

TH=HFAD THICKNESS,TLTG EHD {IN.)

TAH=EEAD THICKNESS,BOTTCN END (IN.)

4=CASK WETGHT (POUNDS)

SL=SPECIFIC ENERGY CF SHIELDING FATERTAYL (IN-LB/CU.IN)
SC=SEFECTFIC ENERGY OF CLACDING IN CCMPRESSTION (IN-LB,CU IN)
00=T KCREHENT OF ANGIE O

TH=TINE (SEC.)

G=ACCELERATION (FT/SEC/SEC)

Vi=VCLOUME OP SHIELTING DISPLACED (CU.IN.)

UH=ENERGY DISSIPATED IN TEFORMING THE HEADS (IN.LB.)
UL=ENERGY DISSIEATED IN DISFLACIKG SHIEZLDING (IN.LE.)
22Z=ENEEFGY CISSIPATEL IN LEFORMING COOLING PINS(IN-1B)

DIMENSION ©(1000),X (1000}, 2(1000),G{1C00),AC{100C), T (1000)
1,AP (1000}, v {1000)
22=0.
INPUT CASK GEOMETRY
T=.688
TAR=. 375
TH=1.375
%=16000.
R=12.5
C1=89,38
INPUT TEST CONDITION
66 DO 20 NN=1,2
H=36.
IF(NN .EQ. 2) H=3€0.
CALCULATE CASK POTENITAL ENERGY
UT=F*8 - 2%
INPUT INCREMENT OF ANGLE,O
0c¢=, 01
INPUT MATL. PROPERTIES
$C=120000.
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DO 326 . KC=1,2
$1.=6000.
IP({KC.EQ.2) SI=14C00
C ZERO SUBSCRIPTED VARIABLES
b0 1 I=1,1000
X (1) =0.0
U(T) =0.0
TH{I)=0.0
G (1) =0.0
P (1) =0.
AG{I)=0.0
AE(T)=0.0
¥{I)=0.0
1 CONTINUE
C ZERO HONSUBSCRIPTET VARY ABLES
01L=0.0
UH=0.0
DT=0.0
TS=0.0
PU=0.0
vv=0.0
gu=0.0
PP=0.0
XX=0.0
0=0.0
V{1 =SQRT((6U.*H/12.))
V=V (1)
PO 2 I=1,1000
IF(I.¥0.1) GO TC 21
0=0+00
SC=SIN (0}
S00=SIN(2.*0) /2.
€0=C0S (0)
C CALCULATE VOLUME OF SHIELDING DISPLACED
C EQUATION 1
V1= (R*¥R*CL* (C~S00))
C CALCULATE ENEPGY DTISSIPATED IN DISPLACING SHIELDING
C FQUATION 2
UL=SL*VL
ROUATION 6
¢C=0~500
C EQUATTON 12
VH= (TH4TRR) ¥R*¥R*QC
EQUATION 13
UH=5C*VH
ARL=2,%R* SO*CY,
PORL=ARL*ST
ARH=2.*R* SO* (1H + TAH)
FORH=ARH*3C
U(I)=U8 + UL
C COMPUTE DEFPORMATION
X (T} =R* (1.~C0)
C COMPUTE APPLTED FORCE
P(I)=FORL + FCRH
COMPUTE ACCELERATION
G(I)=(P(YT)*32.) /W
AG(T) =P(T) /¥

[g]

'p]

O



IF(U(I).GT.
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UT) GO TO0 7

COMPUTE VELOCTTY
8 V(I)= SORT{(UT-U(I))* (64./ {Wk12.)}))

7 CONTINOE

COFPUTE LAPSED TIME

DTI=0.

IF(G(I) .NE. 0.) TLT=(VV-Y(I))/G(I)

TS=TS+DT
TH(I)=TS*1000.

COMPUTE PERCENTAGE ENERGY STORED

21
5

2
4

QUTPUT~-WRITE LCOP

1008

1002
1004

PU=Y (I} /UT
CCNTINUE
XX=X (1)
00=1 {I)
VV=V (1)

PE = P(I)

IF(U(I).GE.UT) GO TC 4

CONTINUE
CONTINUE
J=I = 1

WRITE (51, 1009)
WRITE (51, 1009)
WRITE (51,1002)

WRITE (51,1008} H
FORMAT (1H ,25%,°LCOP TRANSPORT CASK!

WRITE (51, 1002)
WRITE (51, 1009}
WRITE (51, 1009)
WRITE (51, 1002)
WRITE {51, 1004)
WRITE (51,1002}
WRITE (51, 1005)
WRITE (51, 1006)
WRITE (51, 1002)
FORMAT (1H0)

FORMAT (1H ,30%,13ECASK GEOYETEY)

(F10.3)

1005 FORMAT (1R

 UX.6HRADIOS,9X,6HIENGTH ,8X,108SEEIL THK.,5X,

1 9HHEAD THE. ,5X, SHHEADL THK.,7X,6HREIGHT,S5X,
2 1SHSPECI¥IC ENREGY)

1006 FCRMAT (1H

,UX,6HINCHES ,9X,6HINCHES, 9X,6 HINCHES , SX, 6HINCHES,

1 8X,6HINCHES,B8X, 6HPOUNDS,7X,11HIN-1E/CU T¥)
¥RITE(51,1007) R,CL,T,TH,TAH,¥W,SL

1007 FORMAT(1H

«P10.3,4P15.3,F15.1,F12.0)

1000 FORMAT (1H ,U4X,11EDEFORMATION,UX,8HVELOCITY,7X,4HTIHE, 13X,5RFORCE,

1

1001
1

1009 FORMAT (1H, X, GOH& ¥k ikt ke dok ok f ol ek % dok Rk dofob ok dokok ok fokokok seok
55 o o ook ok ok o A o oK R KO8 K ok R SR kK koK R R R R kR R R Rk

1

WRITE (51, 1002)
WRITE (51, 1009)
WRITE (51, 1009)
WRITE (51, 1002)
WRITE (51, 1000)

10X,6HEVNEEGY, SX, 12HACCELERATION)

WRITE (51, 1001)

FORMAT (1H ,6X,6HINCHES,7X,8HFT./SEC.,UX,12HHILLISECONDS, 8X,

6BPOURDS, 10X,6HIB-IH.,10X,3HX G)

WRITE (51, 1002)

118 1
118 1¢

118 1t

1M 1
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11

326
20

177

EEEEEEEL EES TS

o 11 I=1,3

¥RITE(S1,1003) X{I),V{I),TH(I),FP(T) .0 () ,AG(Y)
FORMAT (1H ,P12.04,F13.2,F15.4,F18.2,F16.2,F12.2)
CONTINUE

CALL OQVWIKPL(X,AG,J,'LINEARR!,'J.H.EVANSS?)
CONTINUE

CONTINUR

STOF

END
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C.3 Program 1014 CASK

The 1014 CASK computer program was written to compute the response
of a rigid cask equipped with an energy absorber to impact resulting
from a free drop of the cask onto its energy absorber. The equations
necessary for this computation are derived, and the program listing is

presented in the following subsections.

C.3.1 Equation derivation

The general case of a cask equipped with an energy absorber which
deforms in pure compression is illustrated by the computational model
shown in Fig. C.4. Tf the force-deformation curve for the absorber is
as shown in Fig. C.5, the following expression represents the energy
expended as the cask moves from Xy to Xn and deforms the absorber an

amount & :
o

MU =F (X - X _,)=F3 . (c.27)
it follows that
n=n n=n
u = ) MU= } Fs. (c.28)
n=0 =0

The summation can be simplified.by holding the magnitude of the incre-

mental deformation (§) of the absorber comstant and satisfying the

expression
NS = X.n s (C.29)
where N = number of increments. The equation for the absorber deforma-

tion at point n (Xn) can be written as follows:

X = enL = N& . (C.20)
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Equation (C.30) can be solved for the strain (e) at point n as follows:
sn = NS§/L . (C.31)

The stress—-strain equation for the material from which the energy

absorber is counstructed is as follows:

o, = f(e, .32
ARG (c.32)
where

o = stress,

€ = strain.

The force (F) can be determined from the expression

F = ga , (C.33)

where A = original cross-sectional area of the energy absorber.

The preceding relationships form the basis for the 1014 CASK com—
puter program. The deformation of the energy absorber is increased in
steps of constant magnitude. Strain, stress, and force are computed for
deformation values, and the energy for each step is determined. The
energy is added to the sum of that for previous steps and compared with
the potential energy of the cask. When the dissipated energy equals the
potential energy, the computations are ended.

The program is currently supplied with stress-strain equations
[c = f(e)] for stainless steel and mild steel, and it can be used for
energy absorbers with any cross-sectional shape. It is equipped to
compute the area for circular absorbers with rectangular cross sections,
as illustrated in Fig. C.6(a), as well as absorbers of other shapes with
constant cross sections, as illustrated in Fig. C.6(b) and (c). For the
absorber type illustrated in Fig. C.6(a), the radius, thickness, and
depth must be input to the program in statement numbers 70, 71, and 72,
while the thickness, depth, and length for the types illustrated in Fig.

C.6(b) and (c) must be input as statement numbers 71, 72, and 73. For
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absorbers of other geometries, the area must be calculated manually and
input as statement 74, Those statements not applicable to the absorber
being analyzed must be left as 0.0.

In addition, the weight of the cask in pounds must be input as
statement 80, the drop height in inches in statement 81, and the absorber
material must be input as statement 88. The material information is
input as SST for annealed 300-series stainless steel and as STL for mild
steel. 1f a finer or coarser mesh is desired, the value of DE in state-
ment 60 can be decreased or increased. The 1000 format sheculd be altered

to identify the cask being analyzed.

C.3.2 Program listing

The 1014 CASK computer program listing is given on the following

pages.
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*FTR,L,4,E,G,A.
PROGRZAN 1014 CASK
THIS PROGRAK COMPUTES THE RESPONSE OF A RIGID CASK BQUIPPED WITH AN EKERGY,
ABSORBER WHICH DT TORMS IN PNMRE COKPRESSION CODED BY JOHY¥ EVANS PE ,O0AK RIDGE
\TIONAL LABORATORY, JUNE 1974
GLOSSARY OF NOTATION

EE=AYMOUKRT STHALN IS INCREMENTED-IN./IN.
S=STRESS PSI

DEF=A BSORBER DEFORMATION IN.
DU=DI{TYFREHTIAL ENERGY IN.LB.
FORC=FORCE LB.

ENER=ENERGY DISSIPATED IN DEFORMING THE ABSORBER IN.LB.
ACC=aCCELERATION X G

STL=STEEL MILD OR LOW CARBON
SST=STATNLESS STEEL 300 SERIES
ALUM=ALUMINUM TYPE 6061-T6

DE=STRAIN IN./IN.

DS=STRAIN IN./LHN.

AMATL=ABSORBER MATERIAL

WT=ChSK WEIGHT LB.

RAD=ABSORBER RADIUS IW.

THK=A BSORBER THICKNESS IN.
TLEN=ABSORDER LENGTH IN.

DEPH=ABSORBER DEPTH IN.

AREA=ABSORBER AREA SQ.IN.

DL=CHANGE I¥ ABSORBER LENGTH IN.
A,B,C,D,E,E,G,H,0,P,Q,R=CONSTANTS IN THE STRESS EQUATION
HT=DROP HEIGHT IN.

UT=CASKS TOTAL POTENTIAL ENERGY IN.LB.

DINENSIJIN DE(200),S{200),DEF (200),DU(200) ,FORC (200} , ENER (200),
2 ACC {200)
1001 FORMAT (1HO)
1002 FORMAT (TH , 1X, 89 H &ftokiok stk dobk ok o ok ok ook ok Sk ok ook e ot o ok st e,

1 5SH*******#k**********#*********#*****####***#************'
2 1 GH* %ok stk ko sk Ko )

1003 FORMAT (1H ,23%,28HINERGY ABSORBER GROMETRY)

1004 PORSAT(1H ,12X,6ARaDIUS,3X,9HTHICKNESS,3X, SHDEPTH, X, 6HLENGTH,5X,
1 GHAR EA)

1005 FORMAT(VH ,F18.3,U4F10.3)

1006 FORMAT (1H ,16X,33HCASK GEOMETRY AND TEST CONDITIONS)

1007 FORMAT (1K , 12X,11HCASK WEIGHT,3X, 11HDROP HEYGHT,3X,9HPOTENTIAL,
1 %, 6HZUERGY)

1008 PORMAT (1H ,F21.1,F14.1,F17.1)

1009 FORMAT (1H , 1X,12dACCELERATION,2X, | ITHDEFORMATIGON,6X SHFOBCE,6X,

1 6HSTRESS, 6X,6HSTRALN,8X,6HRNERGY)
1010 FORMAT (1# , S5X,3HX G, 10X,6HINCHES, 9X,4HLBS.,7X,4§PSY., 9X,
1 SHIN /IN,9X,5HLB-IN)

1011 FORMAT (1H ,P10.1,P13.3,P16.1,P12.1,F11.3,FP12.1)
po 7, I=1,200
DE(I)=0.0
S (1) =0.0
DEF (I)=0.0
DU(I) =0.0
FORC {I)=0.0
ENER(I)=0.0
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7 ACC({I)=0.0
SS1=1.0
STL=2.0
ALUH=3.0
6GC EE=.005
0S=0.0
C TINPUT ABSORBER MATERIAL
88 AMATL=STL
C YNPUT RADIUS
70 RAD=0.0
C TNPUT ABSORBER LENGTH
73 TLEN=2.%8,
C INPUT CASK WEIGHT
80 ¥T=16000.
C INPUT THICKNESS
71 THK=2.0
C INPUY ABSORBER DEPTH
72 DEPH=5.5
C TINPUT ABSORBER AREA
74 AREA=0.0
C  INPUT CASK IDENTIFICATION
1000 FORMAT(1H ,8X,'0. R. N. L. LOOP TRANSPORT CASK IMPACT ON SIDE')
C INCREMENT DEFORMATION
DL=EE*DEPH
PHI=3. 1% 159265
IF(RAD .GT. 0.) AREA=2. *RAD*PHI*THK
IF(TLEN .GT. 0.) AREA=TLEN%*THK
C INPUT DROP HEIGHT
IP(AMATL.NE.2.0) GO TO 6
C  KILD STTEL COEFFICIENTS
A=-4 .363377264E+02
B=3.526740128+06
C=~5.843U4G12E+07
D=8.44752080E +08
E=-1.00790838E+10
F=8. 32204 1264E+10
G=-4.42875864 B+ 11
H=1.50635484E +12
0=-3.25535392E+12
P=u,3175827 28 +12
Q=-3.204B87884 £+ 12
R=1,01310658R +12
A2=0.5
AB=345000.
AC=73000.
6 CONTINUE
IF (AMATL.NE.1.0) GO TO S
C STAINLESS STEEL COEFICIENTS
h=~6.60046820 E+02
B=3,2788BUL020E +06
C=-1.74360076 5+08
D=5.78280072E+09
E=~9.29116096E+10
F=8.4650 9048E +11
G=-4,79173280E+12
H=1.75760146E+13
0=-4,20115552E+13
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P=6.33579656E+13
0=-5.186327683+13
R=2,0790 1540T +13
AA=0.35
AB=642000.
AC=50300.
5 CONTINUE
IF(ALATL .NE.3.0) GO TO 12
A=-2.37529992E+02
B=8.77222216E +05
C=~2.10395908 E+07
D=7.92526976E+08
E=-1.197 108 16 £+ 10
F=9.28522728E +10
G-l ., 24976896 E+11
H=1.21919694E+12
0==2.22003524E+12
P=2.51118460E+12
0=-1.60332062E+12
R=4.43286884E+11
AA=0.5
AB=209100.
AC=27900 .
12 CONTIWUE
HTA=48.
IF(VT.G5.10000.) HTA=36,0
IF(HT.GE.20000.) HTA=24.0
IF(HT.GE.30000.) HTA=12.0
HTB=360.
DO 20 N=1,2
HT=HTA
IP(N .EQ. 2) HT=HTB
UT=WT*HT
SUNU=0.0
DS=0.
DO 1 T=1,200
DE (T) =0S
DEF (I)=DE{I) *DEPH
IF(DS.GT.RA) GO TO 21
STRESS EQUATION
S (T) =A+(B*DS) + {C*DS*DS) + (D% {DS**3.) ) + (E% {(DS®%4_) ) + (F* (DS*x5.) )+
1 (G* (DS*%6.)) + (H* (DS¥*7.)) + (0% {DS*%8.))+ (P* {DS**9.)) +
2 (Q% (DS**10.) )+ (R*{DS*%11,}))
21 CONTINUE
IF(DS.LE.AA) GO TO 22
STRS= (AB*DS} + AC
22 CONTINUE
COMPUTE FORCE
FPORC (T) =5 (I) *AREA
COMPUTE ACTELERATION
ACC (I) =FORC (I) /HT
COMPUTE ENERGY
DU (I) =FIRC (I) *DL
SUHU=5U4 U+ DU (T)
ENER (T)=5UNT
DS=DS+EE
IF(ENER(I) .GE.UT}) GO TO 2
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1 CONTINUE
2 CONTINUE

10
11

20

J=1

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
HRITE
WRITE

(6,1002)
(6,1002)
(6,1001)
(6 ,1000)
(6,1001)
(6,1002)
(5,1002)
(6,1001)
(6,1003)
(6,1001)
{6,1004)
(6,1001)

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

WRITE
WRITE
¥RITE
WRITE
WRITE
WRITE
HRITE
WRITE
WRITE
WRITE
WRITE
WRITE
¥RITE
YRITE
WRITE
WRITE
po 1¢

(6,1001)
(6,1002)
(6,1001)
(6,1006)
(6,1001)
(6,1007)
{6,1001)
{6 ,1008) ¥T, AT,UT
{6,1001)
{6,1002)
(6,1002)
(6,1001)
(6,1009)
(6,1901)
(6,1010)
(6,1001)
1=1,200

WRITE (6, 1011) ,ACC {T) ,DEF (I}, FORC (1) ,S (T} ,DE (1), ENER (I)
IF{I.GE.J) G0 TO 11

CONTINUR

CONTINUE

¥RITE
WRITE
¥RITE
WRITE
ARITE
WRITE
WRITE
WRITE
WRITE
KRITE

(6,1001)
{5,1001)
(6,1002)
6,1002)
{6,1002)
(6,1002)
{6,1002)
(6,1002)
{6,1001)
(6,1001)

CALL QWIKPL(DEF,ACC,J,* LINEARY, 'J.H.EVAKSS1)
CALL QWIKPL (DEF,ENER,J, 'LINEAR','J.H.EVANSS')
CALL QWIKPL(ACC,ENER,J, ‘LINEAR®,'J.H.EVANS$®)
CONTINUE

sTop
END
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C.4 Program 1018 CASK

The 1018 CASK computexr program was written to compute the response
of a cylindrical cask with lead biological shielding clad with steel to
impact on protrusions, such as lifting lugs, located radially on the
outer shell of the cask. The listing for this computer program is given

here.
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**FTN,L,E,G.

C
C

nnnnnnnnnnnf\dnnnnnnnnnnnnnnnﬁonnnnun(

PROGRAM 1018 CASK

THIS PROGRAN COMPUTES THE RESPONSE OF A CLAD LEAD SHIELDED CAZJ
IMPCACTING ON A PROTRUSION SUCH AS A LIFTING LUG THE PROTRUSIONS
ARE LOCATED RADIALLY ON THE CASK SHELL AND REMOVED FROM BRACING
CODED BY JOHN EVANS P.E. OAK RIDGE NATIONAL LABROTORY JANUARY 1975

GLOSSARY OF NOTATION

STEEL=LOW CARBON OR HILD STEEL
S$SI'=300 SERIES STAINLESS STEEL
T=SHELL THICKNESS IN.
DX=DEFLECTION INCREHENT IN.
W=CASK ¥EIGHT LB.
G=GRAVITATIONAL CONSTANT
A=LUG LENGTH IN.
C=L.UG WIDTH 1IN.
B,D=DEFORNMED DIHENSIONS IN.
H=DROP HEIGHT IN.
UT=CARSK POTENTIONAL EWERGY IN-LB.
CA,CB=COEFICIENTS I¥ THE STRESS EQUATIONS
S=IDEAL DYNAMIC COMPRESSIVE YEILD STRESS FOR LEAD PSI
X=DEFLECTION IN.
QI=HUMBER OF LUGS
Y=DEPLECTIDHN IN.
ACC=ACCELERATION X G
VL=VOLURE OF LEARD DISPLACED CU. IN.
UL=ENERGY ABSORBED IN THE LEAD IW. LB.
XY, XX=ELOHGATIONK OF THE SHELL INW.
EY, EX=STRAIN IN THE SHELL IN./IN,
SX, SY=STRESS IN THE SHELL PSIY
AY, AX=CROSS SECTIOWAL SHELL AREA BEING STRESSED 5Q. IN.
US=ENERGY DISSIPATED IN DEFORHING THE SHELL IN. LB.
U=ENERGY IN. LB.
F=PORCE LB.
OX,0Y=ANGLES OF DEFORMATION IN THE SHELL
PX, PY=FORCES ON THE SHELL LB.
PL=FORCE IN THE LEAD LB.
=TOTAL FORCE LB.

DINENSION Y(200),0(200) ,F (200},ACC(200),P (200}

1000 FORHAT (1d ,30X,*0.R.N.L. LOOP TRANSPORT CASK()

1001 FORHAT (1HO)

1002 FORMAT {1H,4X,'CASK?,11X,?SHELL',9X,'L0G', 10X, LUG', 10X, *SHELLY)

1003 FORMAT {1H, 3X, 'HEIGHT' ,8X,'THICKNESS?!,5%, 'LENGTH', 8%, ¥IDTH®,7X,
1 ' HATERIALY)

1004 FORBAT {1H, 3X,'POGNDS!,9X,'INCHES',7Y¥," INCHES',7X, 'INCHES')

1050 FORMAT(F10.1,F13.3,2F13.2,8X,'STEEL"Y)

1051 FORMAT (F10.1,P13,3,2F13.2,6X%,' STAINLESS')

1006 FORMAT {1H,11X,'DROP!,12X, ' DYNANIC YIELD', 17X, CASK")

1007 FORKAT (1H,10X, 'HEIGHT',10X,'STRESS OF LEAD',11X,'POTENTIAL ENERGY
1)

*008 PORMAT (1H,10X,"INCHES',15%, P5I',22X, 'IN-LB')

009 FORMAT (F16.1,F19.1,F28.1)

1010 FORMAT (1H,9X, 'DEPLECTION',3X,'DEF. ENERGY®,9X,% PORCE' , 11X,
1 VACCELERATION' )
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1011 PGRMAT({1H,11X,* INCHES', 8X'IN-LB?, 12X, *POUNDS' , 14X, X (G) *)
1012 PORMAT (F16.2,P16.1,3P17.1)
STEEL=1.0
S5T=2.0
INPUT SHELL MATL., HOT ROLLED,LOWCARBON ECT.=STEEL, STAINLESS STEEL=SST
SMATL=STEEL
INPUT SHELL THICKNESS
T=.69
INPUT DEFLECTION INCREMENT
DX=.05
INPUT CASK WEIGHT
¥=16000.
G=32.
INPUT LUG DIMENSIONS (LENGTH=A & WIDTH=C)
A=12.
c=4.
B=.8%A
D=.B%C
IKPUT NO. OF LUCS
0L=2.0
INPUT DROP HEIGHT
HTA=48.
IF (W.GE.10000.) HTA=36.0
IF (W.GE.20000.} ETA=24.0
TP (W.GE.30000.) MTA=12.0
HTB=360.
IF(SMATL.NE.1.0 )} GO TO B
NILD STEEL COEPICIENTS
CA=73000.
CB=345000.
8 CONTINUE
IF(SHATL.NE.2.0) GO TO 9
STAINLESS STEEL CCEFICIENTS
Cca = 50300.0
CB = 642000.0
9 CONTINUE
WRITE (6, 1001}
WRITE (6, 100 1)
WRITE(6, 1000)
WRITE (6, 1001)
WRITE (6, 1002)
WRITE (6, 1003)
WRITE (G, 1004)
IF(SMATL.NE.1.0 ) GO TO 31
WRITE (6, 1050) ®,T,A,C
31 IF(SHATL.NE.2.0) GO TO 32
WRITE (6, 1051) ¥,T,a,C
32 CONTINUE
DO 4 N=1,2
H=HTA
IF(N .EQ. 2) H=HTB
CALCULATE CASK POTENTIAL ENERGY
UT= W*H
DO 4 K¥=1,2
INPUT IDEAL DYNANMIC YIELD STRESSES FOR LEAD
$=6000.
IF(4.EQ. 2) S=14000.
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1%=0.0
X¥=0.0
WRITE (6, 1001)
WRITE (6, 1006)
WRITE (6, 1007)
WRITE (6, 1008)
WRITE (6, 1009) H, S,UT
DO 6 I=1,200
Y (1) =0.0
U(X)=0.0
F{I)=0.0
P (1) =0.0
6 ACC(I)=0.0
DO 1 I=1,200
X=(DX*I) -DX
X=DELTA
Y {I) =X
CALCULATE VOLUME DISBLACED
VL=X* ( (A*C) ¢ (C*B) + (A%D) + ((4.*B%D} /3.}))
CALCULATE ENERGY ABSORBED IN LEAD
UL=S*%VL
IF(X.%Q.0.0) GO TO 2
CALCULATE ELONGATION OF THE CASK SBELL TN X AND Y DIRECTIONS
XY=2.%({SORT({ (D*D) + (X*X})) -D)
XX=2. % {( SORT( (B*B) + (X*1))) -B)
2 CONTINGE
CALCULATE STRATN IN CASK SHELL IX X AND Y DIRECTIONS
EY =XY/(2.%D)
EX=XX/(2.%B)
CALCULATE STRESS IN THE CASK SHELL IK THE X AND Y DIRECTIONS
SX=CA+ (EX*CB)
SY=C A+ (EY#CB)
CALCULATE KEAN CROSS SECTIONAL AREA OUNDER STRESS
AY=T* (A¢ B)
AX=T#* (C+D)
CALCULATE ENERGY ABSORBED IN SHELL
US=(CR4(CB/2. ) *EY) *XY*A Y+ (CA+ (CB/2.) *EX) *XX*AX
SUN SHELL ENERGY & LEAD ENERGY
U (I) =QL* (UL+US)
IF{X.FQ.0.0) GO TO 3
CALCULATE FORCE
P(T) = (U(I}~UU) /DX
3 CONTINUE
U0=U (I)
CALCULATE ACCELERATION
ACC(T) =F (1) /¥
IF(U(I).GE.UT) GO TD §
1 CONTTHUE
5 CONTINUE
WRITE (6, 1010)
WRITE (6, 1011)
k=1
DO 7 I=1,K
WRITE (6,1012)Y(I},U(I) P (I),ACC(T)
7 CONTINUE
CALL QWIKPL(U,ACC,K,'LINEAR?,'J.H.EVANSS?)
CALL QWIKPL(J,Y,K, LINEAR'!,'J.H.EVANSS?)



192

4 CONTINUE
STOP
END
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SPECIFICATION 2R CONTAINER TEST REPORT

The design and fabrication of typical Specification 2R containers
used at ORNL are discussed in Sect. 1.8. Two Specification 2R inner
containers of the type used in the ORNL shipping cask D-38 were tested
to establish the adequacy of this type of container as the primary
containment vessel for radioactive materials. These tests and their
results were outlined by L. B. Shappert and B. B. Klima in the SARP for
cask D-38 (ORNL/TM-2200), and an excerpt from that report is presented
here. The figure numbers were changed for compatibility.

Iwo Specification 2R containers were drop tested to establish their
ability to maintain containment after a 30~ft free drop and impact.
Each container was placed inside a gsleeve to simulate the condition of
the container inside the cask during the free drop and subsequent impact.
The sleeves consisted of a length of sched-40 stainless steel pipe with
a 0.280~in.-thick plate welded over one end. The inner containers and
their sleeves are shown in Fig. D.1l. before testing.

Prior to drop testing, both containers were leak tested and found
to be leak-tight at a pressure of 25 psig. Both containers weighed
19 1b when empty, and each was loaded with 25 1b of solids to bring the
total weight of the dropped unit to 44 1b. Testing of the containers
consisted of two 30-ft drops. The first drop was made in such a manner
that the bottom of the container and sleeve impacted flat on the drop
surface. The inner container and drop sleeve after the first test are
shown in Fig. D.2. This container impacted at an angle of 0° with the
drop surface and sustained almost no visible damage.

The second drop was made with the bottom of the container and drop
sleeve at an angle of 20° from the horizontal so that the center of
gravity of the container was directly above the impacting corner. The
inner container and drop sleeve used in the second drop are shown in
Figs. D.3 and D.4.  This sleeve and container impacted at an angle of
20° with the drop surface, and a flattening of the drop sleeve is evi-
dent. Although the inner container was polished a little below the weld

area as a result of the impact, it sustained no damage.



Fig. D.1.

Inner containers and sleeves before testing.

PHOTO 3074-74

961
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PHOTO 3073-74
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Fig. D.3. Model after second test.



Fig. D.4.

Model after second test.

PHOTO 3076-74
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Both containers were leak tested after the drop tests and were
found to be leak-tight at a pressure of 25 psig. It was therefore
concluded that these inner containers met the requirements of the
regulations for the 30-ft free-drop accident condition and were adequate
to provide primary containment of radioactive materials to be shipped in

the ORNL shipping cask D-38.
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INTRA-LABORATORY CORRUSPONDINCE

OAX RIDOE MATIONAL LABORATORY

Aupust 19, 1671

To: 30260 and 3525 Cell Memo Books

Subjcct: Casks Uged for Gff-site Shipment of Radioactive Materials

Shielding casks uscd for cff-site shipmoent of radiocactive material nust
be DOT approved. The casks must be maintajned in a good state of repair.
Inspection check lists have been made for usce prior to each shipment.
Also, a more detailed dnspection is scheduled on 2 pericdic {approxi-~
mately annual) basis and a check 1list has been made for this, auy of
the radicactive matevials coming te OBNL are shipped by others (such as
Idaho Nuclear, Army) in our casks; loading procedures for Hot Cell Opera-
tions casks have been 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

N
°

Loop Transpori Cask Annual Tnspection Sheet

. Loop Transport Cask Underwater Loading Procedure
. Loop Transport Cask Horizontal Leading Procedure
In-File Capsule Shipping Cask Inspection Sheet

In-Pile Capsule Shipping Cask Anunual Inspection Sheet

»

+ In-Pile Capsule Shipping Cosk Underwater Loading Procedure

W O~ N Lo
N

-

T

In-Pile Capsule Shipping Cask Borizontal Leading Procedurs

A (f) ‘ ((P (:j‘su/é()/

Operating Supervisor

5, I”)/) ' /J (:\/\(,7

Department Superintepdent

intendent



204

Inspection Sheet

Date

Prior to cach shipment, the following items shall be cheched to ensure that all parts

o
are in goed condition, firmly attached, and cask is properly scaled.

ORY LeAD

1.

Sliding Door kEnd

a. Visual check of sealing surface oa caswx and plug (item 4).

b. Gasket (item 2) in good condition.

c. All cap screws (item 3) arve scli-locuing type.

d. Tarper scal holes in at least two cap screws of fire shield.
e. Fire shield in good condition, including cap screws and holes.
Sliding Door Cover (item 10)

a. Gasket (item l1) good condition.

b. All cap screws (item 12) in position and tight.

c. Pipe cap (item 29) gasker in good condition.

Plug End (item 17)

a. Visual check of sealing surface on cask and end plug (item 17).
b. Gasket (item 15) in good condition.

c. Lead filler plug gasket (itewm 19) in good condition..

d. All cap screws (ltem 16) ave self-locking type.

e. Tamper seal holes in at least two cap screws of fire shicld.

f. Fire shicld in good condition, including cap screws and holes.

AFTER_LOADING

—

—

4

[ecREVe]

IR S

Door plug lock (item 4) seated firmly and cap screws (item 3) tight,

Pipe cap (item 29) seated firmly,

» End plug (item 17) seated firmly and cap screws (item 16) tight.

Lead filler plug (item 20) in place and cap screws (item 18) tight.

Pressure test: with 5 psi air on cavity of cask
gasketed flanges for leaks:

, soap-bubble check all

a. No leaks at door pluy lock (item 4).

b. No leans at sliding door cover (items 10 and

ro
O
=

c. No leaks at end plug (items 17 and 20).

d. " Pressure bled off; pipe plug and pipe cap of pressurce test connection

(item 35) in place and tightened,
Cask bolted securely (item 7) to skid,
Filler blocks (item 14) irn position,

Cack cleaned, radiation tag attached: cask mcets shipping tolerances.

Fire shield at each ecnd bolted in place (i4 cap screws in cach-end).

Inspected by: Approved by:

Indicate
Satisfactory
with (V)
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LOOP TRANSPORT CASK
Annual Ingpection Sheet

Date:

The following annuai inspection shall be perforwmed to assure the cask mcets
the requirements as specified by the DOT approval. Annual inspection is to be
performed by Hot Cell Operations and Laspection Engineering personnel.

1. Prepare cask for inspection by removing endsand top of fire shield.
( Ca sk should be checked by Health Physics so components handled are at
acceptable radiation and contamination limits.)

Condition

Good
2. Fire shield, screws and holes.

3. Sliding Door Section
a. Cap screws (self-locking type-item 3) and capscrew holes .
b. Casket (item 2).
c. Gasket sealing surface on cask.
d. Door plug lock (item 4) sealing surface.

e, Door plug (item 24} slides freely into position in cavity.
! when sliding door is closed.

f. Door plug lock (item 4) slides freely into poisition and seats
firmly against cask.

4, Sliding Door Cover (item 10) Section
a. Gasket (item 11).
b, Cap screws (item 12) and cap screw holes,
c. Sliding door (item 5) opens and closes freely.
d. Pipe cap (item 29) seating surface.

e. Pipe cap gasket.

5. End Plug (item 17) Section
a. Gasket (item 15).
b. Cap screws (self-locking type- item 16)and cap screw holes »
c. End Plug (item 17) seating surface.
d. Gasket seating surface on cask -
e. End plug slides freely and seats firmly into cask.
f. Filler plug gasket ’item 19),
g. Filler plug cap screws (item 18) and cap screw holes.

h. TLead filler plug (item 20) fits freely and firmly into cask.

Ba
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Condition
Good Bad

6. With sliding door open and end plugs removed, pressure test
the shell at 5 psi.

Leak check (seap bubble) screw holes at both ends and welds
at each end of cavity. Repair any leaks.

7. Visually inspect all welds for cracks and other damage.

8. Reasscmble components of cask when they meet acceptable
standards., Apply 3 to 5 1lbs per sq. in. pressure test on
cask cavity. Soap-bubble check for leaks at all gasketed

areas. Make any necessary repairs in a manner to assure
that cask can be successfully leak tested consistently.

9. Replace fire shield, top and ends o N

10. All needed repairs and final inspection completed.

Cask deemed to be in good condition and certified for use by:

(Hot Cell Operator) Date

(Inspection Eng.neering Dept.) Date

(Hot Cell Operations Supervisor) Date
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E. M. King or A. A. Walls OAK RIDGE NATIONAL LABORATORY
FTS 615-483-1672 ry f -
e LOOP TRAKSPORT CASK
Ext, 3-1672 ] INSTRUCTIONS TOR UNDER-WATER LOADING
DOT Special Perwmit 5753 Assembly Dwg. No. MLIQSELOO9D-2
Weight: 16,000 1b Cavity 5 3/4 in. diam x 66 in. long

Normally, the cask is loaded vertically in a pool with the plug end at the top and the
arawer -end at the bottow. References are made to ORWL Dwg. [1C0-1068-517.

1. Remove the filler blocks (item 14) from the vertical lifting truonions.
{Save blocks for reinstallation later).

2. Remove top and end fire shields.

3. Remove the cap screws (item 3) on the drawer end. (Cap screws are self-locking type).

4, Pull door plug lock (item 4) back as far as it will go; 1ift the door plug lock upward
to unhook the lock bolt from the sliding door plug (item 24) and pull straight out
to remove. Remove plug (item 4) and gasket (item 2). (This allows the cask to drain
when it is removed from the pool.)

$. Remove nuts (item 7) holding cask to skid, remove cask from skid and lower fire shield.

6. Tilt the cask to the vertical position and move it to the pool.

7. Remove the cap screws (item 16) that fasten the end plug before lowering the cask into
the pool. (Cap screws are self-locking type.)

f. Lower the cask into the pool and rewove the end plug and gasket (item 17 and 15).
Keep track of the gasket.

2. Lift liver out by the bail; remove lid from the liner,

10, Load the irradiated materials into the liner.

1 Replace the 1id on the liner. (The 1lid is necessary for horizontal unlozding at ORNL.)

2. Load liner containing the irradiated materials into the cask.

13. Replace the gasket and end plug (items 15 and 17) and raise the cask until the cap
screws can be installed.

14. 1Install the cap screws to fasten the end plug into place.
15. Raise the cask out of the pool and allow it to drain for 15 minutes.

16. Move the cask to the shipping avea and tilt it to a horizontal position. Elevate the
plug end of the cask about 6 in. and allow any residual water to drain out the sliding
door end for about 15 min. (CAUTION -~ all water must be drained from the cask for
shipument.)

17. Replace gasket (item 2). Insert door plug lock bolt (item &) into door plug (item 24).
Push forward as far as it will go. Replace cap screws.

18. Tighten cap screws (item 3 and 16) in flanges on both ends of cask. (Cap screws must
be self~locking type.)

19. Using the pressure test connection (item 35), pressure the cask with air to about 3 to !

psi and check (soap bubble test) all gasketed {langes for leaks. After determining that
there are no leaks, bleced off pressure, .replace pipe plug and cap on pressure-test
connection and tighten.

200, Make radiation and smear survey to confirm acceptability for shipping.
21. Replace cask on skid with lower fire shield in place, replace nuts (item 7).
Replace top and end fire shields.

23, Secuve filler blocks (item 14) in place around vertical lifting trunnions., (These blocks
must be in place to meet the drop-puncture requirements cutlined in AECM-0529).

24, Install tamper wirves tbrough holes in cap screws of fire shicld on each end of cask.
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E. M. ¥ing or A, A. Walls 0AX RIDGE RATIONAL LALOFATORY
FIS 615-483-1672
Comm Tel. 615-483-6611 LOOP TRARSPORT CASK
Ext. 3-1672 INSTRUCTIONS FOR HORIZONTAL LOADING
DOT Special Permit 5753 Asscmbly Dwrn. No. MI1108ELO0SD-2
“ght: 16,000 1b Cavity 5 3/4 in,diam x 66 in. long

These instructions are for horizontal loading of this cask at facilities cquipped for
port loading. References are made to ORNL Dwp. HCO-1008-517. The skid may be removed or
left attached during loading. If desired, remove siid from cosk by removing the top fire shic
and the eight hex nuts (item 7).

1. Remove fire shield at cach end of Cask (14 cap screws on each end).
2. Remove the cap screws (item 3) on the drawver end.

3. Pull door plug lock (item 4) back as far as it will go; 1ift the door plug lock upward
to unlock the lock bolt from the sliding door plupg (item 24) and pull straight out
to remove. Remove plug (item 4) and gasket (item 2). (This operation pulls extended
portion of door plug from inside cavity. Check to make sure exposed surface of door
plug is flush with sliding door; it must be flush before attempting to open sliding
door, or door plug will bind inside cavity).

4. Move cask into positien-at loading port.
5. Remove pipe cap (item 29) from drawer end.
6. Open sliding door (item 5) by turning door screw (item 25) counterclockwise.
7. Remove screws, gasket, lead filler plug, and O-ring (items18, 19, and 20) from plug end.
. 8. Take neccessaryv steps to open loading port to cell,
9. Using approximately 3/8 in. diam rod inserted into plug hole, push empty liner into cell.

(1f liner is outside of cask, it may be placed in cell as a separate operation.)
1U. Remove lid from liner; load material to be shipped into liner.
11. Replace the 1id on the limer. (The lid is neccessary for unloading at ORNL.)
12. Remotely push or pull limer into cask; ensure liner clears sliding door.
13. _Replace gasket, lead filler plug, and screws (itemsl8, 19, and 20).
14. Close sliding door (item 5) by turning door screw (item 25) clockwise.
15. Replace pipe cap (item 29) on drawver end.
16. Close cell loading port and move cask away from loading port.

17. Replace gasket (item 2). Insert door lock tolt (item 4) into door plug (item 24). Push
forward until it seats. Replace cap screws; each screw must have a lock washer.

18. Tighten cap screws (items3, 16, and 18) in flanges on both ends of cask.

19. Using the pressure-test connection (item 35), pressurize the cask with air to 3 to 5
psi and check (soap bubble test) all gasketed flanges fer leaks. After determining
that there are no leaks, bieced off pressure, replace pive plug and cap on pressure-
test connection and tighton.

20, Perform a radiation survey to determine the acceptability for chipping, decontaminate as
needed.

21. De sure filler blocks (item 14) are in place around vertizal lifting trunnions. (Thesc
blocks must be in place during shipmcent to mecet the droo-punlture requirements out-
lined in ALCH-0529).

22. TReplace fire shield on each end (14 cap screws on each end).

23. Inst2ll tamper wires through holes in cap screows of fire chield on cach end of cask.
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JJUL0w 1250 o, 21
3525 tlewmo No. %A

e O L T,

INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE MATIONAL LABORATONY

April 22, 1974

To: Hot Cell temo Book

Subject: Preparation of Radiocactive Materials Packaging Information
for Offsite Shipuents

Form "Oak Ridzz Uational Laboratory Radioactive ilaterials Packaging
Xaformation'" wust ba prapaved for all offsite shipments containing greater
than one millicurie 1pha or three curies bera-gamza solid, liquid, or gas.
The person requastinz the shipment cust fuinish and certify the inforwmation
requested under Gan=sral Inforvation, Rediocactiva Contents, and Shincing
Container. We cust furnisa and cercify che information requeJcnd uncer
Juternal Conrain2r and Zxternal Containar, except for the tamper segal.
Health Physics will provide the Radiation Survev.

The filled-in (to this point) form is to be transmitted to the Isotopes
Sales Dz2pt. in tne Isotopas Division ~- zlong with the loaded container!
Toe Isotopes Divisicn i3 respons:ble for providing the tenmpar sz2al

arranging tle-down inspection, and final approval of the shipment.

* A copy of the form is attached.

///):/ \Vfi. L ( G l(‘akw

Opzrating Suparvisor OperaLL g SuOélVl;Or
[ /e /
S0 A\V:L;7 /

degw_—t:-g;\_t Supt; / i/LShOfl bhpt.
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OAK RIDGE NATIONAL LABORATORY RADIOGACTIVE MATERIALS PACKAGING INFORMATION

THIS FORN IS REQUIRED FOR AL SHTFMENTS GREATER THAN T MILLICURIE ALPHA OR 3 CURIES
HETA/ GAMMA SOLID, LIQUID, OR (GAS AND AL ESPTY REVURNABLE CONTAINERS

GENERAL INFORMATION

Origin (Division) 2. Destination

Method of Transport 4. Weight

wle

Special Iasiractions

al Instructicons Complied by

RADIOACTIYE CONTENTS

1. All major activities in curies and/or grams-

2. Specify (a Fj Nonnal Form (o) 1:_] Special Farm Special Form Noo
) [[] rissile (1) (] Non-Fissile
3. Radioactive Material Form: D Solid r? Liquid EJ Gas

4. Heat Load (watts): Calculated Estimated By

SHIPPING CONTAINER

L. Cerstificate of Compliance Mo, USA—

2. DOT Specification No. N

lear Safety Review No.

4. Container determined proper for contents by Date

INTERNAL CONTAINER

—

1. Internal Containmeat: D Glass Bottle [j Plastic Bottie Ej AR [‘_:] Conoseal L

capsule material) .

’} Welded Capsule (specify

[:] Other {explain)

2. Contamination level on interaal container: Estimaind Smeared
Radiation level from internal container; Measured Caleulated
Gaskets or seals (valves) properdy installed By

5, Leak tests of internal container U ~ By

1. Moderator und neutron absorber present for fissile material? Yos
2. Extemal container examination ; Yes
3. Gaskets or seals properly installed Yes -
4. Leak test ... Yes
5. Bolts torqued to ft. s, e
6. Tie down to skid checked —_— |‘J Yes
7. Tamper seal installed - [;] Yes L1 By o - .
8. Lid eyn bolt removed aad wired to the sutside of the casrier ]: Yes
RADIATION SURVEY
L. Surface contamination tevels  Alpha . _____dpm; ey . dpm
2, External radiation level [ — o, mrem Zhr 2 contast
3. Domestic shipments remShe D 3 4t from suclace
4. Fuoureign shipments mrem e @ 1 meter {from ceater
S. Health Physices Surveyor Date .

TRUCK TIE-DOWN AND SHORING

1. Tiesdown and shuring in avcordance with SARP and Desipned Livout cheeked by

{Inspection Eagineering)

aipment Approved By
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NUCLEAR SAFETY REVIEW FORMS
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I

REQUEST FOR RUCLEAR SAFETY REVIEW
Thir request covers operations with fissile material in a control area and/or fissile material
teansfers that ociginate within the control area. The control area supervisor shall complete
the blocks below and describe the process and/or operations to be performed, emphasizing
the provisions for nuciear criticality safety on the reverse side of this page. This request
shall be approved by the Radiation Control Officers of the originating Division and the

DRNL Cricicality

Committee

Revision 1~

¥XPIRATION DATE

October

1976

Division(s) to which fissile material will be transferred.

(To bo completed by the Coniral Area Supervisor)

TITLE, CONTROL AREA AND SUMMARY OF BASIC CONTROL PARAMFTERS

TITLE [FOR REFERINCE PURPOSKES] IATL GF OATEZ PLvify
REQUEST HELUIRED
Loop Transport Carrier 9/249/71
TONTRGUBARER T CHEENG. T BUILDING BIVISIGH
Cask for Intersite Transport of Fuel -~ POOM 3525 ‘Operations
TYPE AND FORM OF MATERIAL Solids only. Reactor fuel elements or fuel specimens.
3 INT (Wt < o 315 .
ISOTOPIC ENRI(ICHVMENT (Wt. %) Up to 100% 23‘>U, 233U, or Plutonium.
PERISOUATED §ATCH ORUNIT
QUANTITY *__f»_%_géo g
OF TOTAL 1N CKRXXEXKXXEX Cask
FISSILE 21250 g Also, if total is >800 g, linear density not to exceed 250 g/ft.
SOTOPES  |TOTAL TO BE PROCESSED
Concentration or Density
of fFissile Material -
Spacing of Fissile Units -
Proximity and Vype of Neutron Refiectors
or Adjacent Fissile Material 8 in, of Pb shielding around cavity.
Limit on Moderation -
Limit on Neutron Absorbers -
Limit on Volume or Dimensions
of Containers Cavity dimensions 5 3/4 in, diam x 69 in. leng.
THIS REQUEST ‘XXRAX‘X’K AEPLACES) NSR{s) NO.
371
RECOMMENDATIONS

{To be completed by the Criticulity Committes)

This endorsement is based on our present understanding of the operation (whether acquired verbally or in writing) and is

subject to review and cancellation.

This request is approved. The 8 in. of lead shielding renders subcritical

an infinite array of such casks.

%L/

, /».

e
CHAIRMAYN, cm‘uc.\uﬁ comwnei et
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PROVISIONS FOR NUCLEAR CRITICALITY SAFETY

{To ba completed by the Conirol Area Supervisor)

Provisions for nuclear criticality safety shall be described below in accordance with Appendices II and I of the AEC
N Manual Chapter 0530. This shall include brief descriptions of the process and/or all operations to be pe..ormed, plans and
procedures for the operations for nuclear criticality safety, and Lhe basic control parameters. Please attach 11 copies of

referenced drawings and documents.

We request approval for use of this general-purpose-use cask for fissile
Class I shipment of used reactor fuel elements and irradiated experiments (fueled and
nonfueled) from other sites (such as ETR in Idaho) to the ORNL hot cells for metal-
lurgical examination. And, after examination, for the shipment of the same items to
Savannah River or Idaho for fuel recovery. The fuel elements have included LITR, ORR,
PM-1, and SM~1A elements. Fueled experiments have included capsules or loops con-
taining MSRE fuel, UOZ’ ThOz, PUOZ’ and other fuels.

This carrier may be loaded and unloaded under water.

The loading o0f the cask will not exceed 1250 g of fissile material (combinations
of 235y, 233U, and plutonium).

In addition, if the loading exceeds 800 g, the material will be so arranged
that the fissile loading will not exceed 250 g per lineaxr ft under normal and hypo--
thetical accident conditions.

Shipment will be by rail freight, motor vehicle, carge aircraft, or ocean
vessel. This request is for use with a submission for approval by the AEC under thes

requirement of AECM-0529,

<

<
) .
TR Il
ORNL Criticality
Commi ttee
371
Revision 1
EXPIRATION DATE
- Cctobet, 1976
RADIATION CONTROL OFFICER DIVISION R COHTROL AREA SUPERVISOR BUILDING
, 8 N < ,/ . Lo Ay
/ Yo ", } =
——7)91 ’_‘/!_/;f/l&‘ﬂfrv"z&/ C“* iofraia Gl ANirs DD
RA TION CONTROL OF FICER lDXVIS|0N AADIATION CONTROL OFFILCER DIVISION
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

October 22, 1976

To: Criticality Committee

Subject: Loop Transport Cask

NSR 371 Rev. 1 expires in October 1976. This NSR has been
reviewed; there have been no changes in the use of the cask or in
the need for continued use at the approved contents level.
Extension of this NSR is requested.

/
) - h v<|y‘\")
G Glall, € /
A. A. Walls/E. M. King

EMK:AAW: jr

cc: J. A. Cox
E. M. King
A. A. HWalls

// November 15, 1976
To: K. M. King

Subject: NSR 371, Rev. 1

Based on your statement above, approval for continued use of this
cask is extended for two years, to expire in October, 1978.

A

cc: B. L. Corbett
J. A. Cox
Criticality Committee
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

Jun- 19, 1975

To: R. G. Affel
From: J. W. Wachter

Subject: Nuclear Safety of Loop Transport Cask (NSR 371, R1)

The Director's Review Committee on Transportation has noted in its
review of the Loop Transport cask that the nuclear szfety approval imposes
a restriction on the linear density of fissile isotope in the cavity of the
cask. Although the value of "safe mass per foot" used the nuclear safety
analysis was derived from data in TID-7016, it does not appear explicitly.
I have therefore used my notes on this review to prepare the following
explanation for inclusion in your files as back-up for the SARP.

The restriction of 250 grams of fissile isotope per foot was arrived
at by utilizing the relationship between fissile material solution density
and the diameter of the safe infinitely long water-reflected cylinder. In
the attached figure, the safe c¢ylinder diameters of TID-7016 (Figures 3, 7,
and 11) have been used to calculate the mass of fissile isotope in each
centimeter length of the cylinder as a function of solution concentration.
This "safe'" linear density passes through a minimum for each isotope, and
the lower bound of these is established by the 239py isotope as 8.lg/cm,
or 0.25 kg/ft.

'S ey

~% . Wachter
Engineering Coordination and
Analysis Section
Chemical Technology Division
JWW: r

-

Attachment

ce: J. hH. Evansb///

E. M. King
J. P. Nichols
File
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