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

J. H. Evans K. K. Chipley C. B. Haynie 
U. K. Crowley R. A. Just 

ABSTRACT 

The GRNL in-pile capsule shipping cask is used to transport 
irradiated experimental capsules and spent fuel elements. 
The cask was analytically evaluated to determine its compli 
ano.e with the applicable regulations governing containers 
in which radioactive materials are transported, and that 
evaluation is reported. Computational procedures were used 
to determine the structural integrity and thermal behavior 
of the cask relative to the general standards for normal 
conditions of transport and the standards for the hypothetical 
accident conditions. The results of the evaluation show that 
the cask is in compliance with the applicable regulations. 

0. GENERAL INFORMATION 

0.1 Introduction 

When a package containing radioactive or fissile material is shipped 
from one location to another, the package is subject to regulations 
governing its structural integrity, shielding, heat dissipating capa
bilities, containment capabilities, and quality assurance. The governing 
regulations are set forth in Title 10, Part 71, of the Code of Federal 

Regulations;1 Chapter 0529 of the Department of Energy (DOE) Manual;2 

and in Title 49, Part 173, of the Code of Federal Regulations.* Com
pliance of the package or shipping container with these regulations must 
be shown by test, experimental, or computational methods to secure 
approval for shipment of radioactive or fissile materials. The analytical 
evaluations and supporting experimental data which demonstrate that the 
ORNL in-pile capsule shipping cask complies with the regulations are 
reported. 

1 



BLANK PAGE 



2 

The cask was designed in 1964 by the Equipment Design Group of 
Connecticut Advanced Nuclear Engineering Laboratory (CANEL), a division 
of Pratt and Whitney Aircraft Corporation. Two identical casks were 
fabricated by National Welding and Manufacturing Company of Newton, 
Connecticut. The casks were transferred to Oak Ridge National Laboratory 
in November 1965. Prints of the original fabrication drawings were 
obtained with the casks and are maintained on file in Building 3525. 

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

' The fabrication work is to be performed in the ORNL Shops, and "as-
built" drawings, including the modifications, of the cask were prepared 
by the Equipment Design Section of the General Engineering Division at 
Oak Ridge National Laboratory. These drawings are presented in Appendix 
A. There are two casks which are identified by DOE Certificate of 
Compliance No. AEC-OR USA/5907/BLF and ORNL identification numbers 
10S16-201 and 10S16-202 respectively. The cask is usually shipped via 
motor carrier, but it is also usable for rail and water transport. 

0.2 Package Description 

0.2.1 Cask description 

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

0.2.2 Operational features 

The cask may be loaded or unloaded in either a horizontal or vertical 
orientation while in a hot cell, connected to a hot-cell transfer port, 
or underwater, or by other remote means. Underwater loading and unloading 
is via the cask access plug with the axis of the cask vertical. Dry 
loading and unloading is usually accomplished via the sliding gate with 
the axis horizontal. The cask can be unloaded by connecting a handle to 

the inner part, of the cask access plug and pushing the contents through 
a port. 

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

0.2.? Contents 

The cask is approved for Type B and large quantities of radioactive 
materials and Fissile Class 1 shipments. The contents are limited to 
solid materials. 

Examples of contents are spent reactor fuel, irradiated experiments, 
and other solid radioactive and fissile materials. Spent fuel examples 
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are coated particles of 0, Pu, and Th; c?id oxide rods of U, Pu, and Th; 
or solidified molten salt fuels. Example* of other materials which have 
been shipped are BeO; silicates of lib, Tl, Ta, and Zr; nitrides of Zr, 
Hb, Tt, and Ti; carbides of Zr, Hb, Ti, and W; and Metallic specimens. 
All the above are elthar en&sed in metal cladding or in a 2R container. 
The contents may also be special font Materials. 

Radioactive materials are limited to quantities that will result in 
radiation levels external to the cask equal to or less than allowed by 
the regulations.3 Fissile material is limited to 1250 g per shipment. 
In addition, if the total quantity of fissile material exceeds 800 g, 
the distribution of fissile material is limited to 250 g per linear 
foot. All fissile shipments are Fissile Class I. The decay heat is 
limited to 350 W when shipment is by common carrier. When shipped by 
exclusive-use vehicle, the decay heat load is limited to 1000 W. The 
weight of the contents and the inner containment vessel(s) will not 
exceed 100 lb. 

1. STRUCTURAL EVALUATION 

The package complies with the structural requirements of the regula
tions. 1' 3 The calculations, test results, and engineering logic presented 
in succeeding sections demonstrate compliance with these performance 
criteria. Additional evaluations, considered pertinent to the safety 
and operabllity of the package, are included. The effects of both 
normal and specified accident conditions on the structural integrity of 
the package are considered. . -

1.1 Mechanical Properties of Materials 
* 

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



9 

properties are published by the International Nickel Company. Low-
carbon steel and lead properties are taken from Machine Design* and 
Manual of Steel Construction.1 

Table 1.1. Static mechanical properties of cask materials 

Property Symbol 
304L 

stainless 
steel 

Low 
carbon 
steel 

Lead 

Yield stress, 
psi o y 30,000 30,000 1300 

Ultimate tensile 
strength, psi a u 75,000 60,000 2500 

Modulus of elas
ticity, psi E 29 x 10 6 29 x 10 6 2 x 10 6 

Elongation, T A 40 28 45 
Density, lb/in.3 P 0.283 0.283 0.41 
Maximum allow

able shear « 
o y/2, psi 

Coefficient of 
expansion 
in./in.-°F 

T 
max 

a 

15,000 

9.2 x 10" 6 

15,000 

6.5 x 10" 6 

1000 

16.3 x 1 0 - 6 

Ultimate shear 
stress, psi T 

u 
61,000 45,000 

Allowable bearing 
stress, psi ab 48,000 

The properties of chemical lead are used to effect a conservative 
solution. The dynamic properties of chemical lead reported by Evans8 

are used in the impact analyses. The programs used to estimate the 
response of the cask impacting on the corner and side are based on the 
assumption that the cask ic constructed of ideally plastic materials. 
An Ideally plastic material is one which has a constant value of stress 
for all strains. It is recognized that normally used cask materials do 
not behave in this manner. However, conservative solutions can be 
effected if care is used in selecting the material property constant, 
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'dynamic yield stress, or specific energy, and in interpreting the results. 
To accomplish this objective, numerical values for ideal dynamic yield 
stress or specific energy which bound the real stress-strain curve must 
be selected. The lower value will result in a calculated defonation 
which is greater than actual. The higher value will result in calculated 
accelerations ef greater Magnitude than actual. It can then be seen 
frost observation of Fig. 1.1 that the selected values of 6000 and 14,000 
psi for lead will effect a conservative solution for the in-pile shipping 
cask. The voluaetric expansion properties of lead as reported by Snappert9 

are used to evaluate the effects of thermal gradients. Figure 1.2 is 
reproduced froa Shappert's report. The dynamic tensile properties of 
stainless steel and mild steel reported by Clark 1 0 are reproduced in 
Figs. 1.3 and 1.4. The dynamic compressive properties reported by 
Evans, 1 1 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 dynaaic yield stress or specific energy for mild steel for 
those techniques employing this concept, as discussed previously for 
lead. In all impact analyses, it is assumed that the materials are 
incompressible. 

The dynamic properties of threaded stainless steel fasteners reported 
by Cannon 1 2 are used in the impact analysis of the closures. Cannon 
impact tested commercial stainless steel bolts and cap screws in the 
size range 3/8 to 1 in. He found that the dynamic yield stress of 
fasteners was in the range 75,000 to 104,000 psi, and the ultimate 
stress was in the range 95,000 to 150,000 psi. The wide variation in 
properties is, to a great extent, due to difference in method of manu
facture. The lower values will be used as failure criteria for this 
analysis. 

1.2 General Standards for All Packages 

The general standards for all packaging cover the chemical and 
galvanic reaction of the package materials, closure of the package, and 
the lifting and tie-down devices for the package. The in-pile capsule 



11 

ORNL DWG 74-12820 
16000 

0.1 0.2 0.3 0.4 0.5 

ENGINEERING STRAIN (INCH/INCH) 

Fig. 1.1. Dynamic compressive stress-strain diagram for lead'. 



12 

12 

11 

10 

OtNl-DWG 63-5231*2 

I7 

I 
1 3 5 

• 

/% 

/ I EAD 

INI.CSS ST "304 STA INI.CSS ST E?l 

200 1400 MO 1000 
TIMWJATUt! CO 

Fig. 1.2. Thermal expansion of lead and s t a i n l e s s s t e e l . 

1800 



ORNL DIG NO. 7 1-13027 

19ft 
¥ - ISO ft/stc-s^ 

1 e l l 
\^^^^* \^^^^* 

*-_. 

inn S<3r~~- / —* ̂ \ 
IUU ^^^ H - OA ! • / • « « ^ / \ 

• ^ ^ "" 1- 4 L \ r\ _ 

c 80 r^\7 1 P c 80 
STATIC^ 

O
tb

 
• 9 

s 
S3 id > 

*o 1 

20 

o l 
0 

*o 1 

20 

o l 
0 

*o 1 

20 

o l 
0 

*o 1 

20 

o l 
0 

*o 1 

20 

o l 
0 0. 1 0 2 0 

UNI1 

.3 0. 

ELONGAT 

4 0.5 

ION ( in . / in . ] 

0.8 0 

) 

7 

Fig. 1.3. Dynamic tensile properties of stainless steel. 



ORNL DW6 NO. 71-13029 

C 80 
V* 

v» 

08 0.12 0.16 0.20 0.24 0.28 0.32 0.36. 

UNIT ELONGATION (in./in.) 
Fig. 1.4. Dynamic tensile properties of mild steel. 



300,000 

270,000 

£~ 240,000 I u 
2 

ORNL DWG 74-11699 

a 
2 

210,000 

180,000 

S 150,000 
oe 
i -
Z 120,000 
> 

2 90,000 oc 
a 
2 
O 60,000 

30,000 

" " T " — 1 i _ T — p - • r • — r — y ' ' I i ? • — i — 

- -

- — 

- -

- — 

- -

- -

— , -

LL 

— 

LL .. .1 , . 1 . L. l«, i J .. i ' • i . i 
.05 0.1 .15 0.2 .25 0.3 .35 0.4 .45 0.5 .55 0.6 

ENGINEERING STRAIN (INCH/INCH) 

Fig. 1.5. Dynamic compressive properties of stainless steel. 



300,000 
ORNL DWG 74-11900 

300,000 i i i i i i i y 

270,000 270,000 
_ 

I 240000 o 
z 
g 210,000 

I 240000 o 
z 
g 210,000 

- -

\ 
-

I 240000 o 
z 
g 210,000 
z -

g 180,000 g 180,000 

( 0 — 

u 150,000 
HE 
u 150,000 
HE 

-

UJ 120,000 
55 
u . 90,000 

UJ 120,000 
55 
u . 90,000 

- -

UJ 120,000 
55 
u . 90,000 
a. 
§ 60,000 

30,000 

- / a. 
§ 60,000 

30,000 
-

a. 
§ 60,000 

30,000 

n 1 f 1 — I _ 1 1 i l —J i i i L— L . 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 

ENGINEERING STRAIN (INCH/INCH) 
0.6 

Fig. 1.6. Dynamic compressive properties of mild steel. 



17 

shipping cask is constructed of lead, low-carbon steel, and stainless 
steel. To date, visual inspections indicate there has been no chemical 
or galvanic reaction between the components of the cask or the cask and 
its contents. 

1.2.1 Closure 

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

1.2.2 Cask-lifting device 

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

1.2.2.1 Horizontal lift. The cask is normally lifted in the hori
zontal orientation by a two-legged sling a tached to two 1-in. shackles 
which are in turn attached to a lifting bar (see Fig. 0.1). The; shackles 
are rated 1 3 at 8-1/2 tons each and comply by virtue of their rating. We 
are assuming the sling angle (as measured from the vertical centerline) 
is at no more than 45°. This assumption will be conservative, since 
this is the maximum angle used in good rigging practice. The load 
applied to each lifting device is then 

P - 1.5W/cos 45° - 36,060 lb , 

where 

W - weight of cask and skid (lb) . 

The 1-in.-thick lifting bar is reinforced at the holes where the shackles 
are attached, and the thickness at these points is 1-5/8 in. (see Fig. 
1.7). Thus the bearing stress in the gusset when two shackles are used 
is 
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s - p - (36.060) ^ . - . . . 
S b d£ (1.125) (1.625) 1 9 ' 7 0 0 ° s i » 

where 

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

The clearence is 

h - (r h
2 - r 2 ) 1 / 2 - ((0.594) 2 - (0.563)2) « 0.189 in. 

The shearing stress at A-A is 

2A 2{r - h)t* + (i - r)t] 
25.500 , 

' 2[(1.25 - 0.189)1.625 + (1.5 - 1.125)1] " ' U p S 1 ' 

where 

W = weight of cask and skid (lb) . 

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

P 3W 
°-A'A-
, 51^000 , 8 8 0 p g i t 

where 

A = weld area. 

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



1.2.2.2 Vertical lifting. The cask is lifted in the vertical 
orientation by using the two 3-in.-dia» trunnions on the plug end of the 
cask (see Fig. 1.8). These devices will be used to rotate the caek from 
the horizontal orientation to vertical. The — « < ^ " load will result 
from a vertical lift, since for turning, a portion of the cask's weight 
is supported by the rear trunnions, which are used to secure the cask to 
the skid. The vertical load, P,r> on each trunnion will be 1.5V = 24,000 
lb. For the vertical lift, the cask is lifted without the skid; however, 
for calculation purposes it shall be included. 

At plane m-m, the maximum bending stress is 

M ? Y k 32(25.500)(1.25) , ,„ . 
0 = Z " 75*732 " ',(3JJ " 12'°°° P 8 i • 

where 

M *• moment (in. • lb) , 
Z • section modulus (in. 3). 

* 

For vertical lifting, the sling angle will not exceed 45° in practice. 
The horizontal component, P , is also 1.5W * 24,000 lb. The compressive 
stress, a , on the trunnion is c 

c . L L . 25^500 . 3 M 0 
c A ir(1.5)* 

The maximum stress, o , is • max* 

a - 0. + o - 12,000 + 3600 - 15,600 psi . max b e * 

The shearing stress is 

at plane n-n. The location of the neutral axis (see Sect. A-A, Fig. 
1.8) is 
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Fig. 1.8. Vertical orientation l i f t ing device 
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_ A0yo + Aiyi + A 2y 2 + A 3y 3 

7 * A 0 + Aj + A 2 + A3 * 

where A is cross-section area; 

- m 5(3/4)0 + 5(3/4) (2.75) + 2(3) (3/4) (4.63) m , .. ' 
7 2(5)3/4 + 2(3)(3/4) Z' 3* l n ' 

The moment of inertia by the transfer axis theorem is 

I - Z(I0 + Ad 2) , 

where 

Io = moment of inertia of the individual parts, about their 
centroid (in.1*), 

A = area of the individual parts (in.2), 
d « distance from the neutral axis to the centroid of the 

individual parts (in.). 

Since IQ m l\, I2 • I3» A 2d 2
2 • A 3d 3 , and AQ » Aj , 

I - 2I0 + A 0(d 0
2 + dj2) + 212 + 2A 2d 2

2 

2(t0
3)b 2(h 2

3)t 2 

. —j5 + (t b (d 0
2 + dx2) + J2 + 2(t 2h 2)d 2

2 , 

! . 2(0.g>»(5> + ( 0. 7 5 ) (5) ( 2.59 2
 + 0.162) + ^ ^ 2 1 

+ 2(0.75) (3)2.042 - 47.7 in.*1 , 

and the bending stress is 

g b , Mc . l p . 24,000(2.25X3.54^ . ^ ? B ± . 

The compressive stress is 

° — " °v + °- • 4°°0 + 2000 - 6000 psi . max D C 
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The shearing stress is 

P 24.000 
T A " 2[(0.75) (5) +0.75(3)] " 2 0 0 ° p s i * 

The calculated normal stresses are less than yield, and the shearing 
stresses are less than the allowable shearing stress. It is concluded 
that the cask-lifting devices comply with the regulations. 

1.2.3 Lid-lifting devices 

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

The package has three plugs which fit the definition of lids. 
These are shown in place in Fig. 0.1. The calculated weights of the 
upper cover, lower cover, and gate are 110, 30, and 220 lb respectively. 

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

w . „ . Et , (1.5) (110) (3-11/16) ,, . 1 K 

"* "*» 8 [2 + (Ib/Ic)(h/L)] F [ 2 + (1) (1-1/16/3-11/16)] J « i n - ' 1 D . 

where 
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Fig. 1.9. Upper cover-lifting device. 
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Mi, Mi,, h, and L are as labeled it- Fig. 1.12, 

P = 1.5W , 

I./I = ratio of moments of inertia, beam to column. 

The moment in either corner joint is 

M 2 = M 3 = -2M! = -2(34) = -68 in.-lb . 

The moment at the load P is 

M , P k ^ M 2 , 1.5(110M3-11/16) _ M . 8 4 . n . l b 

p 4 *• 4 

The horizontal force at the bottom of each column is 

1 3(34) 
H = T~ = I=i7i6 = 9 6 l b ' 

The bending and tensile stresses at the load point are 

. Mc (84)(5/32) _ 
S b " I" w(5/32)1V4 " 2 8 » n ° ° p s i ' 

„ tension _ 96 _ , , . M , 
S-, m = —ic HIV? _ 1Z51 p s i . 
T area IT (5/32)z r 

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

S - S. + S_ • 28,000 + 1251 - 29,251 psi . max b T ' ' r 

Thus the lifting handles are adequate for the loading condition. 

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



26 

ORNL DWG 74-12817 

| PLATE (t) 

f DIA BOLT 
1ASSUME0) 

f DIA HOLE 

A ALL DIMENSIONS 
GIVEN IN INCHES 

Fig. 1.10. Alternate upper cover-lifting device. 
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p 165 ,_, . 
0 * d T * (0.625) (0.375) * 7 0 4 p s i 

where 

P « load - 1.5W - 165 lb, 
d * pin diameter (in.), 
t « thickness of plate (in.). 

The shearing stress, T, along plane A-A is 

P_ JP_ 

T * 2A * 2th » 

where 

h * length of plane A-A 
1/2 . „ / _ _..-, ox 1/ 2 

i/2 - a « £/2 - ( r h
2 - r 2 ) « 0.625 -((0.375)2 - (0.312)2V 

0.417 in. 

Therefore the shearing stress is 

T " 2(0.375)(0.417) * 5 2 7 p 3 i * 

Since these are below the allowable stresses, the eyes comply with the 
regulations. The lower cover weighs 30 lb and has two lifting eyes made 
of 1/4-ln.-thick plate. Each has a 1-1n. hole as shown in Fig. 1.11. 
The load per eye, P, to be used in calculating stresses is 1.5 times the 
cover weight or 45 lb. Using the sane method of calculation, the 
bearing stress, o, and shearing stress, t, are 

0 ' h " (0.875H0.250) " 2 0 5 p p i ' 

h - 111 - ( r h

2 - r 2 ) - 0.750 - ( o . 5 2 - 0.438 2Y * - 0.508 in. , 

p 45 
T " 2ht ' 2(0.508)(0.25) ' 1 7 7 p 8 i * 
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Fig. 1.11. Lower cover-lifting device. 
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These stresses are less than the allownble; hence they comply with the 
requirements of the regulations. 

The gate or shutter lid plug is lifted by a single ear made from a 
1/4-in.-thick plate with a 2-in.-dian hole. The plug weight is 220 lb, 
so the load which mist be supported is 3 x 220 * 660 lb. The primary 
concern for the plug-lifting device is bending when a small pin is 
inserted in the 2-in.-diam hole. To find the bending stress in the 
lifting eye, assume that the eye has the dimensions of the dotted model 
as shown as an overlay In Fig. 1.12. This will be conservative in 
comparison because the model has both a longer horizontal beam and 
columns of less stiffness. The rigid-frame formulas have been published 
by Griffeli1* 

Mi « Mi, 8[2 + (yyoi/ui 
3(220)(2.62) . 

8[2 + (0.53/0.623)(1.75/2.62)] * y z m.'lb 

where 

M}, Mi,, h, and L are as labeled in Fig. 1.12, 
P - three times the actual 220 lb weight, 
I,/I - ratio of moments of inertia, beam to .olumn, in this case 
D C 

the cube of the depth ratio. 

The moment in either corner joint is 

M 2 - M 3 » -2M! * -2(92) - -184 in.-lb . 

The moment at the load P is 

M , j k + M 2 - 3 W ( 2 . 6 2 > _ l 8 4 . 
p 4 4 

The horizontal force at the bottom of each column is 

3Mi 3 ( 9 2 ) 

H - IT " T$5 ' 1 5 3 l b • 
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Fig. 1.12. Sliding gate-lifting device. 
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The bending and tensile stresses at the load point are 

c = Mc m 248(0.25)12 m 

S b = 1^ " (0.25)(0.5)* 2 3 » 8 0 0 p s i • 

_ tension 158 -,._ . 
S T = area (0.25)(0.5) 1 2 6 ° p S i * 

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

• S. + S„ « 23,800 + 1260 » 25,100 psi . 
0 x 

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

1.2.J, Tie-down devices 

If there is a system of tie-down devices that is a structural part 
of the package, the regulations require that this system be capable of 
withstanding a static force applied to the center of gravity of the 
package with a vertical component of two times the weight of the package 
and its contents, a horizontal component along the direction of travel 
of ten times the weight of the package and its contents, and a horizontal 
component in the transverse 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 the regulations. 

The cask is designed to be secured to the transport vehicle, aa 
shown in Figs. 0.4 and 1.13, by four tension members attached to the 
four tie-down lugs. For the general case, the notations I, J, K, H, and 
L of Fig. 1.13 represent the dimensions of the tie-down system. Of 
these, only the value of H is fixed by the container geometry. For the 
10W load, by summation of horizontal forces (see Fig. 1.13), F - 5W. 
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Fig. 1.13. Cask tie-down. 
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It follows that the horizontal resultant in the direction of the tie-
down member is F - 5W(K/J). The tension in the two rear tie-down 
members is T 1 0 « 5W(L/J). The 5W trausverse load is T 5 - 2.5U(L/I>. 
The 2W vertical load has a net resultant of W upward and is equally 
distributed between the four tie-down members. The tension in each 
member as a result of the upward load is T? •= (W/4)(L/H). The tension, 
T, in the most loaded member is 

T = T 1 0 + T 5 + T 2 = 5K(L/J) + 2.5W(L/D + (W/4)(L/H) 

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

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

T a = W (6)l/2/f+ ^ . + ^ 5 \ = 12.86W 

The I to J ratio of 1/1 results in the largest loads in the tie-down 
lugs, and the evaluation will be made on this basis. 

The tensile forces and component loads in the members are 

T - 13.42V , a 

T. - W(3) 1/ 2(5 + 0.25) - 9.093W , 
D 

T c - W O ) 1 / 2 (0.25) - 0.433W , 

T d - W O ) 1 / 2 (2.5 + 0.25) - 4.763W , 
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F M.-T aH/L-^T7*«7.75«, 

r* c-T3T^-°- 2 5 w» 
Fzd • 7 # 7 * ' 2- 7 5 t f • 

F - T F - W - 1 5 W . n z 

It is possible that the tension aeabers carry additional loads to4prevent 
tipping. To evaluate this possibility, the point at which the resultant 
force <F ) acts sust be located, n 

Sumation of aoaents about axis •-• yields 

Z M - Q*T, 

F X - 10WE - (F„ *• P )A + tt + F )B « 0 , n za ZD zc za 

x [10E + (7.75 + 5.25)A - (0.25 + 2.75)B]W 
15W 

E + 1.3A - 0.3B 2 + 37.7 - 4.6 ., . . « 0 ^ 3 23.4 in. 

Sumation of aonents about axis n-n yields 

I H - O^T, n-n ' 

F y - 5We + (-F + P . + P - F .)C - 0 , 
n' v za zb zc zd ' 

5WE + (7.75 - 5.25 - 0.25 + 2.75)WC 
7 15W 
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If the direction of travel were reversed, the dimension y would be as 
calculated above. The equation for X vould become 

_ E + 0.3A - 1.3B 2 + 8.7 - 19.8 , _ 7 . 
x , _ _ . ___ -6.07 in. 

The negative sign means X is located on the opposite side of the axis. 
Since these dimensions are located within the cask skid, the tension 
members do not carry additional loads to keep the cask from tipping. 

The load in the most loaded member is 

T * 13.42W = 13.42(17,000) = 2.28 x 10 s lb. 
a 

The load is applied essentially normal to t»>* tie-down lug. The bearing 
stress is 

Ta 2.28 x 10 s ,. ,__ . 
°B ' db " (2.9)(2) " 3 9 - 3 0 0 P s i • 

where 

b * width of lug, 
d * diameter of hole. 

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

1.3 Standards for Type B and Large-Quantity Packaging 

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

When regarded as a alaple beaa supported at its ends along any 
aajor axis, the cask aust be capable of withstanding a stacic load 
normal to and uniformly distributed along its length that is equal to 
five times its fully loaded weight without generating stress in any 
aaterlal of the cask in excess of the yield strength of that aaterlal. 
The equivalent cross section of the container analyzed in this study is 
illustrated in Fig. 1.14. The effect of the original 0.250-in.-thic'* 
outer shell is neglected. 

The cross section of the container is coaposed of the outer steel 
shell, the lead, am! the inner stainless steel shell, as shown in Fig. 
1.14. Since these components are symmetrical about the saae axis, the 
moaent of inertia of the composite section is the sua of the equivalent 
aoments of inertia of the individual components. For a thin shell, the 
moaent of inertia about its diameter is 

- e-u/2 
Is - J y2 dA - k j (r 

e«*/2 
2 sin2 6)tr d6 - nr 3t m m 

0-0 

where r is the mean radius and t is the thickness. Neglecting the m 
effect of the lead, the moaent of inertia of the composite section is 

1 - it(r0
3t0 + \ > " * [<12.253)(0.5) + (2.1883)(0.125)1 - 2890 in.1* 

The maximum bending stress is 

q , * l - W < L ) 2 - C , 9 6 4 ( 8 3 ) 2 < 1 2 . 5 ) , 3 6 0 0 psi ff I 81 8(2890) J 0 0 ° p S l ' 

which is far below the allowable stress. 

1.3.2 External pressure 

The regulations require that the shipping package be adequate to 
assure that the containment vessel will suffer no loss of contents if 
subjected to an external pressure of 25 psig. For calculational purposes, 
it will be assumed that the lead cavities are at atmospheric pressure. 
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Fig, 1.14. Cask as a simple beam. 
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A potential consequent of external pressure is buckling of the 
cylindrical shells. The outer shell of the vessel or body is probably 
the most vulnerable shell from a buckling standpoint. Assuming the 
simplified aodel of a right circular cylinder 25 in. in outside disaster 
by 83 in. long by 0.5 in. in vail thickness with closed ends, the cricial 
(buckling) pressure is determined using equations published by Faupel.15 

As before, the effect of the original shell is neglected. For axisyaaetric 
(bellows type) buckling, the critical pressure is^ 

P . 2K(t/R)2 2(29 x 106)(0.500/12.25)2 ̂  S R A a n n . 
Pcr " [3(1 - A \ i t 2 [3(1-0.3»)]W2 * 5 8 » 4 8 0 P s i« • 

For lobar buckling the critical pressure is 

_ 1.345E (t/R) 5/ 2 

Pcr " (1 - vW1 ' 1.57(L/R) - (t/R)»/* 

1.345(29 x 106) (0.5/12.25)5/2 „ n 

" (1 - 0.3*)*/* ' 1.57(83/12.25) - (0.5/12.25)*>* * 1 J 3 U p s X g m 

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

External pressure would also load the flat-plate-type ends of the 
cask. These plates have a central hole concentric with the vessel axis. 
Both the inner and the outer perimeter of each plate are welded to 
supporting parts so that edge moments will be developed if the plate is 
deflected by a pressure differential. In calculating stresses for these 
plates (with outer radius to inner radius of only 24/7), it will be 
conservative to neglect the edge moments. Thus, from Roark,16 the 

stress is 

where 
6 " coefficient interpolated from Roark's work, 
w - pressure differential (psi), 
a - outer radius (in.), 
t - plate thickness (in.). 
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Thus the actual stress will be a saall part of the yield stress, and the 
plate will not fail. 

Primary and secondary containment will withstand the 25 psig external 
pressure as outlined below. The 2R comteiner heads will withstand 25 
psig external pressure, since they are tested (see Sect. 1.7) at 1.5 
times the design pressure of 20 psig. Comparison of the ratios of t/R 
and L/R raised to the appropriate powers for the 2R containers with 
those preceding for the outer shell of the shield demonstrates the 
adequacy of the cylindrical shells of the 2R containers. The ability of 
"special form" encapsulations to withstand the external pressure is 
obvious by comparison of geometry with the above and consideration of 
the prescribed tests. 1! 2 

1.4 Compliance with Standards for Normal 
Conditions of Transport 

The regulations for normal conditions of transport for a single 
package require that the effectiveness of the package will not be 
substantially reduced by the normal conditions of transport and that 
there will be no release of radioactive material from the containment 
vessel. The contents of the container are limited such that there will 
be no gases or vapors in the package that could reduce the effectiveness 
of the packaging. There is no circulating coolant other than atmospheric 
air, and there is no mechanical cooling device required or provided. 
The shield and inner container(s) are so designed that the contents will 
not be vented to the atmosphere under normal conditions of transport. 
These normal conditions include the effects of heat, cold, pressure, 
free drop, and penetration. 

1.4.1 Heat 

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

These temperatures will not adversely affect the casks. The materials 
of construction do not suffer significant change in physical properties 
at these temperatures. The continuous operating temperature limit 1 8 of 
the O-rings in the 2R container is 500°F, which is above the calculated 
seal temperature. The calculated pressures (see Sect. 2.3.4) will not 
adversely affect the containers (see Sects. 1.7 and 1.9). 

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

1.4.2 Cold 

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

P l T z (14.7)(420) .. , . . 
p " -li ( 5 3 0 ) - - U * 6 5 P 8 i a ' 

The resulting pressure differential is not significant by comparison to 
the 25 pslg external pressure of Sect. 1.3.2. A temperature of -40°F is 
within the operating temperature range of the materials of the cask. 
Brittle fracture of the primary containment vessol (2R container or 
cladding) under the stipulated cold condition is not credible, since the 
ductile-to-brittle transition temperature of the materials29 from which 
the vessel is constructed is below -40°F. The same is true of alJ 
threaded fasteners and the cask inner cavity. The cask outer shell, 
flat heads, lifting and tie-down devices, and support structure are 
fabricated from low-carbon steel. The transition temperature of this 
material is above -40°F; hence these members would undergo a loss of 
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ductility. They operate under very small loads during normal conditions, 
and failure is not likely. If a failure did occur, primary containment -
would be maintained, and the shielding capability of the cask would not 
be compromised. A failure would be detected by routine inspection and 
repairs made before further use of the cask. 

1.4.3 Pressure 

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

Q . pr . 120112). . 2 9 Q p s i 

The gaskets are adequate for a differential of 12.1 psi. 
By comparison with the 25 psig external pressure conditions (see 

Sect. 1.3.2), it can be seen that the stresses in the flat heads of the 
cask body will not approach the yield stress. It can be determined by 
inspection that the stresses in the plug cladding are less than those in 
the body shells. The reduced atmosphere would ot affect the primary 
containment vessel unless secondary containment failed. If this did 
happen, the resulting pressure differential, which is the sum of the 
reduced atmosphere and the maximum in container pressure from Sect. 
2.3.4, is 7.35 + 11.5 * 19.85 psig, less than the design pressure for 
the vessel (see Sect. 1.7). It is concluded that the cask complies with 
the reduced atmospheric pressure requirement. 

1.4.4 Vibrations 

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

1.4.5 Water spray 

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

1.4.6 Free drop 

The regulations for normal conditions of transport require that a 
package weighing between 10,000 and 20,000 lb be capable of withstanding 
a free drop through a distance of 3 ft onto a flat, essentially unyielding, 
horizontal surface, striking the surface in the position in which maximum 
damage is expected to result. It cannot be determined by inspection 
which orientation would result in maximum damage. Therefore, impact 
orientations of (1) corner, (2) end with the axis of the cask vertical, 
(3) on top of the cask on the lifting bar with the axis of the cask hori
zontal, and (4) with the axis of the cask horizontal, impacting between 
the lifting bar and tie-down lugs, are considered. 

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

1.4.6.1 Corner impact. If the cask impacted on a corner, the 
kinetic energy would be dissipated in both elastic and plastic deforma
tion of the lead and steel near the point of impact. An unpublished 
0RML computer program, 1001 CASK, was used to estimate the response of 
the cask to a corner impact. The derivation of the equations used in 
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the program and a program listing are in Appendix C. The program is 
based on a cylindrical model Bade from a single ideally plastic material. 
The model assumed for calculation purposes has a radius of 12.5 in., a 
length of 84 in., and a weight of 16,000 lb. The assumed material has a 
dynamic yield stress in the range of 6000 to 14,000 psi. The deformation 
calculated using the lower value is greater than actual, and the accelera
tion calculated with the higher value is greater than actual. A report 
by Shappert and Evans 1 9 supports the validity of the stress range selected 
(see Sect. 1.1 for a discussion of this approach). The calculated 
acre! eration-defonaation histories of the cask are shown in rigs. 1.15 
and 1.16 for the smallest and largest dynamic yield stress values used. 

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

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

Fracture or cracking of the welds joining the heads to the shells 
is not likely. If a crack did occur, it would be detected by routine 
inspections and appropriate repairs made. The rear sliding gate, the 
rear cover, or the cask plug could be jammed. If this occurred, the 
cask could be unloaded via the undamaged end. After unloading, repairs 
would be made. The impact would place the bolts securing the plugs and 
gate in tension. The vectorial fraction of the acceleration which loads 
the bolts is A = A • cos 8 - (62) cos 16.6 = 59.5g, where 0 = tan"1 

max ° 
(cask diameter/cask length) * 16.6°. 

The stress in rh*» bolts, o, for the 110-lb cask access plug, which 
is secured by eight 1/2-13NC s>ccJnless steel cap screws, is 

A gNAb g(8}(0.14) >*>" D 8 1 ' 

where 
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P - force (lb), 
w - weight of the plug (lb), 
a - acceleration (g's), 
g * gravitational constant, 
N * nuaber of bolts, 
A/ » stress area 2 0 of one bolt (in. 2). 

If the cask iapacted on the sliding—gate end, the inner plug of the cask 
access plug wculd place in tension the modified bolt which secures it. 
This bolt is a standard 3/4-10NC bolt which has been Modified to receive 
a tool handle. The cross section of the bolt is reduced in the thread . 
area by a 7/16-in.-diaa axial hole. The resulting cross section, A, is 

A - A - ~ - 0.334 - T ( 0 . 4 3 8 ) 2 - 0.184 , s 4 "' ~7 4' 

where 

A * stress area of the unmodified bolt (in.2) (see ref. 20), 
s 
d - diaaeter of the drilled hole (in.). 

The resulting tensile stress, o, is 

m force _ ^ _ m (59.5) (40) K m 

0 area gA g(0.184) "»"*° p s l » 

where 

W ' * weight of the inner plug (lb), and the other notation is 
as above. 

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

Since these stresses are less than the yield, the plugs will remain in 
place. 
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1.4.6.2 Impact on end. If the cask impacted on its end with the 
axis of the cask vertical, the kinetic energy would be dissipated by 
deforming the lead shielding, stretching the outer shell, and deforming 
the plug. This would be true for an impact on either end. A program, 
CEIR, 2 1 applicable to the end impact of a steel-clad, lead-shielded 
cask was used to calculate the response of the cask. The measured 
and observed response of casks dropped from 30 ft have been compared19 

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

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

The body would deform similarly to the side impact of an unprotected 
clad, lead-shielded cask. In the case at hand, the end effects would be 
less significant than those of end plates in a cask. An unpublished 
ORNL program based on plastic deformation theory has been written and 
used to predict the response of casks in a side impact. The program 
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assumes ideally plastic materials for the shielding and end plates and 
neglects the energy dissipated in bending the shell. This prograa, 1005 
CASK (see Appendix C for derivation of equations and prograa listing), 
was used to estiaate the energy absorbed in the lead. It was aodlfied 
to neglect the end plates. The lower limit of 6000 psi and the upper 
llait of 14,000 psi dynaaic yield stress were again used. 

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

These programs can be used to determine the response if the cask is 
assuaed to accelerate as a unit. Figures 1.19 and 1.20 are the calculated 
acceleration-energy responses of the cask body for the lower and upper 
limits of dynamic yield stress. Figure 1.21 is the corresponding curve 
for the lift bar. It can be determined by trail and error when the 
cask's kinetic energy has been absorbed in the lift bar and the body. 
For the case where the dynamic yield stress is taken as 6000 psi, the 
acceleration reaches a peak of 99g's. From Fig. 1.19 it can be seen 
that about 5.05 x 10 s in.*lb of energy is absorbed in the cask body and 
iroa Fig. 1.21 that about 0.72 x 10 5 in.-lb is absorbed in the lift bar. 
The calculated shielding deformation is 0.475 in. (see Fig. 1.22), and 
the calculated lift bar deformation is 0.06 in. (see Fig. 1.23). For 
the case where the dynamic yield stress in the cask body is 14,000 psi, 
the acceleration reacnes a peak of 167g's. It can be seen that 3.72 x 
10 s in.«lb is absorbed in the cask body and that 2 x 10* in.>lb is 
absorbed in the lift bar (see Figs. 1.20 and 1.21). From Fig. 1.23, the 
deformation in the lift bar is 0.011 in. 

Accelerations of this magnitude will not adversely affect the 
containment vessels. The contents have structural rigidity or support 
to withstand the accelerations without significant deformation. The 
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H I I H I M reduction in shielding would not result in radiation doses in 
excess of those allowed by the regulations. The bolts securing the 
gliding gate would be loaded in tension, and the rear plug would be 
loaded in shear by the gate. By conparison with Sect. 1.5.1.3, the gate 
will reaain in place. 

1.4.6.4 I«pact on side. If the cask impacted on its side with its 
axis horizontal, oriented radially such that the point of impact is 
between the lifting bar and the tie-<? i bar, the four shell stiffener 
rings would contact the impact surface •. absorb energy while plasti
cally deforming. These rings have a height-to-thickness ratio of 3.33. 
The data by Davis, 2 2 previously discussed in Sect. 1.4.6.3, indicates 
that the deformation of these rings will be primarily compression and 
that buckling will not take place until a very large compressive stress 
is reacned. From Fig. 1.18, this stress is estimated to be in excess of 
200,000 psi. 

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

1.4.7 Penetration 

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

/ 
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1.4.8 Coapression 

It is required that packages weighing less than 10,000 lb be capable 
of withstanding a coapression load of five tlaes tha container weight or 
2 lb/in.2 distributed uniformly across the top and bottom, whichever is 
greater. The container weighs 16,000 lb; hence it is ezeapt from the 
coapression requirement. 

1.5 Compliance with 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 
radioactive materials shall be so designed and constructed and its con
tents so Halted that if it is subjected to the specified free drop, 
puncture, thermal, and water immersion conditions, the reduction in 
shielding would not be sufficient to increase the external radiation 
dose to more than 1000 aillirems/hr at a distance of 3 ft from the out
side surface of the package. No radioactive material would be released 
from the package except for gases containing total radioactivity not to 
exceed 0.1Z of the total radioactivity of the contents of the package, 
and the contents would remain subcritical. 

The effects of the thermal exposure are evaluated in Sects. 1.8 ana 
2. The cask is constructed of low-carbon steel, stainless steel, and 
lead, which would not be affected by water immersion. The effect of 
water immersion on criticality is considered in Sect. 5. 

1.5.1 Free drop 

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

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

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

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

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

A • A cos 6 , max 

where 
A * peak acceleration for the upper limit of dynamic yield stress 
max 

(see Fig. 1.26), 
8 * angle between the cask and the impact surface - 16.6°, 

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

q . force , «gpl . (220) (210) . 
area gNa 8(0.142) s 

where 
V * weight of the cask plug and contents (lb), 
P 
M • number of cap screws, 
g * gravitational constant, 
A - stress area of one cap screw (in.2) (see ref. 20). 
s 

For an impact on the sliding gate, the modified bolt would again be 
leaded as described in Sect. 1.4.6.1. The resulting stress, a, would be 

l2E£e . A " « ( W , P ) . 220(402* . 4 8 9 0 0 p 8 i gA g(0.184) W t * W P S 1 area 

The notation and area are the same as in Sect. 1.4.6.1. 
The stress is less than the ultimate stress for stainless steel 

bolts; 1 2 hence it is concluded that the plug will remain in place. The 
lower cover, which weighs 30 lb, is also secured by eight 3/8-10NC cap 
screws. Using the equation above, the stress is 

which is less than the ultimate strength for stainless steel bolts. 1 2 

The welds joining the shells to the flat heads may fail (fracture) 
and allow a path for shielding loss if the impact is followed by a fire. 
The effect of shielding loss is discussed in Sect. 4. 

1.5.1.2 End impact. The calculatory techniques and the computer 
program CE1R,21 discussed In Sect. 1.4.6.2, will be used to evaluate the 
effects of the accident end drop. Figure 1.28 is a machine plot of the -
calculated shielding deformation with respect to acceleration of the ° 
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cask. When the cask's total kinetic energy of 5.76 x 10 6 in.*lb is 
absorbed, the acceleration will be 80g's. It can be seen that the 
shielding will deform 1.94 in. This reduction in shielding is illus
trated in Fig. 1.29. 

Tests reported by Snappert and Evans 1 9 demonstrate that the shield
ing will defon as illustrated. These same tests indicate the adequacy 
of the program CEIR for predicti.ig lead deformation. 

1.5.1.3 Impact on top. The analytical techniques and discussion 
in Sect. 1.4.6.3 for the 3-ft drop when the cask impacted on the lift 
bar are valid for the 30-ft free fall if the compressive stress in the 
lift bar does not reach the critical buckling stress. Figure 1.30, 
1.31, and 1.32 are plots of absorbed energy with respect to acceleration 
for the lift bar and the cask body at the lower and upper limits of 
dynamic yield stress. By superposition, it was found that for the lower 
limit of dynamic yield stress the peak acceleration would be 212g's. 
For the upper limit of dynamic yield stress, the cask acceleration will 
reach 362g's. The deformation in the lift bar will be maximized when 
the upper limit of dynamic yield stress is used in the calculations. 
This deformation, 6 (see Fig. 1.33), is 0.415 in. The bar has a height, 
h, of 6 in., and the strain e * 6/h - 0.415/6 « 0.069 in./in. The strain 
does not reach the critical buckling strain of 0.22 in./in.; hence the 
bar will fail in compression, and the program 1014 CASK is applicable. 
The deformation in the cask body will be a maximum when the yield stress 
is at the lower limit of 6000 psi. 

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

1.5.1.4 Impact on side. The computer program discussed in Sect. 
1.4.6.4 will be used to evaluate the effects of the accidental side 
impact. Figure 1.36 is the calculated deformation-acceleration response 
curve of the cask. It can be seen that the calculated deformation would 
be about 1.6 in. and the acceleration approximately 500g's. This is 
less deformation than calculated in Sect. 1.5.1.2 and only slightly more 
acceleration; it is concluded that the cask can withstand this drop. 
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1.5.2 Puncture 

The se*cond° 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 to which w n i n i damage is expected, the 
top end of a vertical cylindrical mild-steel bar Mounted on an essen
tially unyielding horizontal surface. The mild-steel.bar shall have a 
diaaeter of 6 in. with the top horizontal and its edge rounded to a 
radius of not aore than 1/4 in., and the bar shall be of such length 
that it will cause maximum damage to the cask but not less than 8 in. 
long. The long axis of this bar shall be normal to the surface of the 
cask upon impact. 

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

Data published by Helms 2 3 indicate a mild-steel clad, lead-shielded 
cask weighing 16,000 lb would require a shell thickness of 0.53 In. to 
resist puncture. The cask outer shell consists of a 1/2-in.-thick 
"steel" shell over a l/4-in.-thick "mild-steel" shell (see Fig. 0.1). 
From this, it is concluded that the bar will not result in failure of 
the cladding. Figure 23 from the Nelms report23 is reproduced as Fig. 
1.37, with the solution for the cask's weight added. 

1.6 Special Form 

The 0RNL Operations Division certifies that a material conforms to 
the special form requirements of Appendix D of 10 CFR Part 71. 1 The 
tests prescribed have been performed on a number of capsule designs. 
When a design is similar in size, mass, wall thicknesses, materials, 
weld design, etc., to a capsule previously tested, the design is certi
fied as special form based on previous test results. If this similarity 
does not exist, it is required that a prototype be tested as prescribed. 
A typical example of special form capsules is illustrated in Fig. 1.38. 
The cross section may be circular or rectangular. 
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SOURCES ONLY. 

Fig. 1.38. Typical special form encapsulation. 
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1.7 Inner Container Design 

Typical inner 2R containers used at ORNL are shown in Figs. 1.39, 
1.40, 1.41, and 1.42. Materials and bolting are Halted to austenetic 
stainless steels purchased in accordance with ASME or ASTM specifications. 
Design temperature is taken as 500°F, which is the maximum calculated 
temperature for the inner container under normal conditions (see Sect. 
2). Assuming assembly at 70°F and 14.7 psia air pressure, a tempera
ture of 500°F will produce a pressure of 

P 2 - PiT2/T! - [(14.7)(500 + 460)]/(70 + 460) =26.6 psia 

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

For use with this cask, the containers will have the minimum head 
and wall thicknesses given in Table 1.2. These dimensions are based on 
the requirements of Specification 2R1* and of Sect. VIII of the ASME 
Boiler and Pressure Vessel Code,21* whichever is greater. The applicable 
equations for sizing shells and heads are, for the shell, Eq. (1), 
paragraph UG 27, which is 

t - PR/(SE - 0.6P) , 

Table 1.2. Dimension schedule for Specification 2R containers 

t 
s *ff \ t 

a 

Bolts 
d t 

s *ff \ t 
a No. Size 

2 3/32 3/16 3/16 3/8 4 11' - 20 
3 1/8 1/4 1/4 3/8 6 1/4 - 20 
4 1/8 1/4 1/4 3/8 8 1/4 - 20 
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PIPE CAP 
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PIPE 
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OR EQUAL IF 
WELD NOT USED 

PIPE CAP 

Fig. 1.39. Pipe element 2R container. 
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BOILER ANO PRESSURE 
VESSEL CODE (d) 

Fig. 1.40. Typical 2R conta iner . 
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Fig. 1.41. Typical 2R container. 
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Fig. 1.42. Typical 2R container. 
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and for the top and bottoa heads, Eq. (1), paragraph UG 34, which is 

t - d(CPAS) 1/ 2 . 

Reinforcement (increased thickness) is required when the container is 
equipped with a leak check tap (Pig. 1.40) in the head. From paragraph 
OG 39, 

A « 0.5 dt , 

o^ * d + 0.375 (see Fig. 1.39). 

The stress in the bolts due to the pressure in the container is 

o - (PA)/(nA ) = (pnd2)/(4nA ) , s s 

where 
p «= internal gauge pressure (psi), 
n = number of bolts, 
A = area of container lid exposed to internal pressure (in. 2), 

A * stress area of bolts (in. 2), 
9 
d = diameter of container lid (in.). 

The greatest stress on the 1/4-20 bolts (see Table 1.2) will occur for 
the greatest value of d 2/n which corresponds to d - 4 in., n = 8 bolts. 
This stress is 

a = [(20)ir(4)2]/[(4)(8)(0.0317)] » 933 psi . 

The bolting is increased beyond that required for pressure to ensure 
leak-tightness in the accident. Some dimensions are increased beyond 
the calculated values or that required by Specification 2R to facilitate 
fabrication. Silicone rubber, Teflon, or metallic gaskets made from 
metals having a melting point in excess of 800°F are used in 2R con
tainers shipped in this cask. 
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Fabrication is in accordance with ORNL Quality Assurance Procedures. 
Applicable approved ORNL welding procedures are used for welding. All 
welds are appropriately inspected in accordance with approved ORNL weld 
inspection procedures. 

1.8 Thermal and Thermal Expansion Stresses 

The cask, is subjected to internal and external sources of heat. 
The thermal stresses and the stresses which result from differential 
expansion of dissimilar materials are evaluated and discussed below. 

1.8.1 Normal conditions 

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

The cask is constructed of materials which have coefficients of 
thermal expansion which differ considerably. The lead shielding has a 
coefficient of 16.3 x 10~ 6 in./in.«°F as compared with 6.5 x 10 - 6 

in./in.«°F for steel and 9.2 x 10~ 6 in./in.*°F for stainless steel (see 
Sect. 1.1). As the cask's temperature increases, the lead expands more 
than the steel outer shell or stainless steel cavity shell. The outer 
shell is placed in longitudinal and radial tension. The inner cavity is 
placed in longitudinal tension, and the lead is loaded in both radial 
and longitudinal compression. 

The program FEATS, 2 5 a finite-element program, was utilized to 
evaluate the thermal expansion stresses. The simplified model shown in 
Fig. 1.43 was assuned for this calculation. It was also assumed that 
the shielding cavity was completely full of lead and that there were io 
thermal expansion stresses in the cask when the entire cask was at a 
temperature of 70°F. The temperature distribution from Table 2.2 for 
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Fig. 1.43. FEATS thermal expansion stress model (axisymmetric) 
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a decay heat load of 1000 '»' and sclar tear loac ct 2;-*? ambience was 
input to FEATS. Stresses at the p^istt of interest identified on Fig. 
1.43 are presented in Table 1.3. 

Table 1.3. Point stresses from FEATS thersal stress analysis for 
normal conditions of transport 

RZ 
Mohr's circle 

FEATS Hax. Min. Principal 
Point element stress stress stress angle Hoop 
no. no. (psi) (psi) (deg) stress 

1 112 195 -2,140 74.0 -3,000 
2 242 1,800 -10 -2.2 2,300 
3 542 1,500 -26 0 2,600 
4 523 -96 -6,750 90.0 -3,200 
5 223 -540 -5,000 86.0 3,200 
6 99 -60 -3,700 -88.0 8,500 
7 16 2,300 74J 6.8 5,500 
8 23 600 -880 44.0 2,200 
9 68 11,900 2,700 17.0 3,700 
10 15 -61 -13,700 89.0 -12,200 
11 57 1,350 -5,600 56.5 -21,/. 00 

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

1.8.2 Accident conditions 

During the thermal (fire) portion of the specified accident 
sequence, the cask temperatures increase as illustrated in Figs. 2.2 and 
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2.3. There are no thexml gradlenta (temperature differences) large 
enough to result in significant thermal atraaaea. 

During the fire, a portion of the lead will melt. The narlnisi 
quantity of melted lead, illustrated in Fig. 2.3, occurs a few alnutes 
after the fire is extinguiahsa. It la not known whether the shell will 
be ruptured aa a result of the free-fall accldenta. If the ahell did 
not rupture, the cladding would be required to expand to acr oar date the 
Increase in lead volume due to molting and thermal expansion. If the 
shell did rapture, lower stresses would result. The calculations below 
demonstrate that the caafc ahell can expand and accommodate the Increaaed 
volume without cataetrophic failure. The aasumptftona made for normal 
transport are also made here. The tampers cures, dimensions, etc., used 
In the calculations are presented in Table 1.4. Dimension symbols are 
illustrated In Fig. 1.44. Temperatures ere taken from Fig. 2.2 and 
therual coefficients of expansion from Table 1.1. 

Table 1.4. Accident thermal expansion parameters 

Cold Final Final 
Dimension dimension temperature AT a dimension 
symbol (in.) (*F) (*F) (in./in.-#F) (in.) 

11.75 980 9.0 6.5 x 10" 6 11.82 
2.25 470 400 9.2 x 10" 6 2.39 
3.50 520 450 9.2 x 10~ 6 3.51 

10.24 
9.74 

10.07 
36.88 470 400 9.2 x L0"6 37.02 
5.12 520 450 9.2 x 10" 6 4,9 
41.0 980 910 6.5 x 10~ 6 41.24 
1.88 

*1 
r ? 
a 

*a' 

*1 
*2 
*3 
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Fig. 1.44. Model for accident condition thermal expansion calculations. 



,88 , 

The initial lead and shell voluae (diaensions are cold dimensions, 
Table 1.4) i* 

* 

- w{36.88f(11.75)2 - (2.38)21 + 4.88[(11.75)2 - (3.5)2]} 

« 17,270 in.3 . 

The final shell voluae (diaensions are final diaensions. Table 1.4) is 

V £ - t[t l (r o - r 2) + M r 2 - rj)] 

- w{(37.02[(11.82)2 - (2.39)2] + 4.90[(11.82)2 - (3.51)2]} 

- 17,500 in.3 . 

The voluae of aelted lead (see Fig. 2.3, diaensions are cold diaensions, 
Table 1.4) is 

[ ' ' „ r 3 < r l " r2>*«»l 
t ? ( r 2 . r 2 ) + -. j 

- w{41.0l(11.75)2 - (10.24)2] • <10-07?(10.242- 9.74<1.88)} 

- 4290 in.3 . 

The final lead voluae is V? • V. + V.a_ + V a , where o_ and a are 
l x i a n i a 

voluaetric expansion coefficients for lead (see Fig. 1.2): 

V 2 - 17,270(1 + 0.0305) + 4290(0.0325) - 17,940 in. 3 . 

The increase in yoluae which the shell aust accoaaodat* is AV - V t - V f - 17,940 - 17,550 - 390 in.3 . 
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The cask, shell is a complex structure, braced in both the radial and 
longitudinal directions. It is further complicated by being of lami
nated construction. It is felt most of the shell expansion will be in 
the form of circumferential strain. It is conservative to assume that 
all the strain is in the circumferential direction for the purpose of 
showing that the shell can expand to accommodate the increase in volume. 
The equation for this increase is 

AV » t3ir{[r (1 + e)] 2 - r 2} . o o 

Solving for e, the circumferential strain is 

e 2 + 2e - . A V ^ = 0 . 

By the quadratic formula, 

-2 + [(2)2 + (4)(1) (A/nrr 2)] 1/ 2 

e . 

. -2M2 2+ll3?0)/41.24*(11.82) 2jl/ 2

 = Q Q n ^ ^ 

This strain is small when compared with the ultimate strain (elongation) 
of steel (see Table 1.1), and it is concluded that the shell will not 
rupture. 

1.9 Accident Pressure Stresses 

The maximum calculated cask cavity pressure during the accident is 
15 psig (see Sect. 2.A.4). The tensile 9tress, a, in the plug bolts 
from this is 

F Pwr 2 

' NA * *T 

where 
F • force, 

A- - total bolt area (in. 2), 
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P * pressure (psi), 
r * plug radios (in.), 
N • number of bolts, 
A - stress area of one bolt (from raf. 20) (in. 2). 

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

. 15»(6.75)2 _ 
° 8(0.141) 1 9 ° ° p S l * 

For the lower cover, secured by eight 3/8-16 NC bolts, the stress is 

_ 15(»)(4.25)2 _ 
0 8(0.0775) 1 J / U p S 1 ' 

At these stresses, the bolts would continue to secure the plugs to the 
cask and maintain shield in*. 

2. THERMAL EVALUATION 

The package must remain effective after exposure to severe thermal 
environments. Applicable nonral and accident environments are specified 
in the regulations 1 - 3 and discussed below. Analytical evaluations and 
tests have been utilized to demonstrate the ability of the package to 
remain effective after exposure to the specified environments. 

2.1 Discussion 

The package must be able to withstand direct sunlight at an ambient 
temperature of 130°F in still air without reducing the effectiveness of 
the packaging. The regulations3 set forth by DOT further stipulate that 
the temperature of any accessible surface of the fully loaded shipping 
package shipped by common carrier shall not exceed 122°F, or being 
transported on a sole-use vehicle, shall not exceed 180°F when the 
package is in the shade in still air at an ambient temperature; for this 
evaluation, ambient temperature was assumed to be 100°F. 

The third in the sequence of hypothetical accident conditions 
specified by the regulations to which the cask must be subjected is 
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exposure for 3C min within a source of radiant heating having a tempera
ture of 1475°F and an emissivity coefficient of 0.9 or equivalent. For 
caiculational purposes, it shall be assumed that the package has an 
absorption coefficient of 0.8. The package shall not be cooled arti
ficially until 3 hr after the 30-min test period has expired unless it 
can be shown that the temperature at the center of the package has 
begun to fall in less than 3 hr. 

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

2.2 Thermal Properties of Materials 

The thermal properties of materials used to compute the temperature 
distribution and material phase change are listed in Table 2.1. 

2.3 Thermal Evaluation for Normal Conditions of Transport 

2.3.1 Thermal model 

The model used for the heat transfer computations is shown in 
Fig. 2.1. The contents are modeled as a uniform body, nominally with 
physical properties of stainless steel, with the decay heat evenly dis
tributed throughout. The assumed model results in slightly higher 
inner container surface temperatures than actual, since no contact with 
the cask cavity was assumed. The area of contact will be small in 
practice, and the above assumption is reasonable. It is recognized 
that the calculated contents temperature will be lower than the actual 
contents temperature. A separate: calculation (see Sect. 2.3.6) was 
made to determine the centerline temperature for *hat is considered a 
more severe loading than actual. 
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Tabla 2 .1 . Material properties used in tbarnal analysis 

Thermal Heat 
Temperature conduct iv i ty Density capacity Latent heat 

Material <*F) ( B t u ' n r - f f •» ) ( l b / i n . 3 ) (»ci i / lb-*F) (Btu/ lb) 

L e a d 3 ' 6 3 2 . 0 
2 1 2 . 0 
3 9 2 . 0 
5 7 2 . 0 

20 .3 
19 .3 
1 8 . 2 
17.2 

0.4109 0 .031 11 .3 a t 621.?*F 

304 Ssf'd 3 2 . 0 
2 6 0 . 0 
4 4 0 . 3 
6 2 0 . 3 
7 5 2 . 0 
8 0 0 . 3 
9 8 0 . 3 

1160.0 

8 . 5 
9 . 8 

10 .6 
11 .4 

12 .2 
13 .0 
13 .8 

0.2824 0.120 

0 .135 

Mild s t e a l * 3 2 . 0 
7 7 . 0 

1 6 7 . 0 
392 .0 
7 5 2 . 0 

1112 .0 
1292 .0 
1405 .0 
2414 .0 
1423 .0 
1472 .0 
1742 .0 

4 1 . 1 

16.92 

0.2840 0 .105 

0 .120 
0.135 
0 .150 
0 .170 
0 .200 
0 .200 
0.164* 
0.168 

0 .160 

A i / 3 2 . 0 0.0140 4 .69 x 1 0 " s 0.240 
100 .0 0.0154 4 .11 x 1 0 - s 0.240 
2 0 0 . 0 0.C174 3.47 x i o - s 0.241 
300 .0 0.0193 3 .51 x n-s 0.243 
4 0 0 . 0 0.0212 2.66 x I O - S 0.245 
5 0 0 . 0 0.0231 2 .38 x i o - 5 0.247 
600 .0 0.0250 2.16 x i o - s 0.250 
700 .0 0.0268 1.97 x 10" 5 0.253 
8 0 0 . 0 . 0.0286 1.82 x 10-5 0.256 
900 .0 0.0303 1.68 x i o - s 0.259 

1000.0 0.0319 1.57 x i o - s 0.262 
1500.0 0.0400 1.17 x 10" 5 0.276 

"Thermal conductivity, density, and specific haat of lead were obtained froa J. F. Holaan, Htat 
Trantftr, McCrav-HlU, Rev York, 1972. 
The latent heat of laad vas obtained froa V. M. lohsenow at a l . . Handbook of H*at Trantftr, McGraw-
Hil l , Hew York, 1973. 

tfThe thermal conductivity values for stainless steal ware obtained fron T. S. fruloukian, Thsrnai 
Conductivity, 1970. 

denalty and haat capacity va'.cea for stainless steal were obtained from A Compilation of Thtrmal 
Property Data for Computer Htat-Conduotion Calculations, DCaX-50589. 

*The propertlea of mild ateel (SAE 1020 carbon steel) were obtained froa A Compilatic . of Ihmrml 
Property Data for CompuUr Bmat-Conduotion Calculation*, 000-50589. 

f 
'The propevtlee of air vera obtalnad froa F. Krelth, Princtpl*! of Haat Trantftr, International 

Textbook Company, Scranton, Pa., 1965. 

/ 
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In calculating the steady-state temperatures for the 130°F environ
ment in direct sunlight, it was assumed that a solar heat flux of 144 
Btu/hr*ft2 was incident upon the entire outer surface of the cask and 
that the fraction of the incident solar flux absorbed by the cask is „ 
equal to the absorptivity (0.6) of the outer surface of the cask. The 
value of 144 Btu/hr*ft2 was obtained by numerical integration of Fig. 5.3 
fro* the Cask Designer's Guide by Shappert.9 A second steady-state 
analysis was aade assuaing the aabient temperature was 100°F and the 
solar heat load was reduced to zero. 

2.3.2 Maxima temperatures 

Temperatures at points of interest throughout ^he cask are given in 
Table 2.2. Data are presented for the normal conditions of transport. 

The maximum accessible surface temperature for the 100°F ambient 
temperature case demonstrates that the package complies with DOT regula
tions. The maximum surface temperature '-nth a heat load of 1000 W, the 
lir.lt for a sole-use vehicle, is 150"F as cou?oared with the allowable of 
180 "F. The maximum surface temperature for a 350-W heat load is 122 °F, 
which is the allowable limit for common-carrier transport. 

2.3.3 Minimum temperatures 

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

2.3.4 Maximum internal pressure 

There will be an increase in pressure in the central cavity, in the 
contents, and in the gap region above the contents caused by an Increase 
in temperature in the regions. If ideal-gas behavior and constant gas 
volume is assumed, and if the gas regions were assumed initially to be 
at 70°F (530°R) and 14.7 psia when the cask was sealed, the resulting 
pressure, ?2» is 

f2 - (14.7)T2/530 , 

http://lir.lt
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vhere T2 is the elevated gas temperature. See Fig. 2.1 for region 
locations, identifit. 1 by a number within a circle. 

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

P 2 - !*• ?(§§§) * 19-H P 8 i» - *•* P 8*8 • 

Air pressure between the outer shells (regions 5 and 25) i9 

P 2 ' 14.7^||) - 18.94 psia « 4.2 psig . 

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

P 2 - 14-70f§) * 19,2 pSia = 4*5 p s i g * 
Air pressure in the cask cavity (regions 11, 12, and 21) is 

P 2 - I*•?(!§?) " i 9 - 4 P s l a " 4 - 7 P s i8 • 

Air pressure in the lower cavity of the plug (regions 33 and 34) is 

P 2 - 14.7QH) - 19.4 psia - 4.7 psig . 

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

P 2 - !*• 7(555) * 26.21 psia - 11.5 psig .. 

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

2.3.5 Minimum internal pressure 

There will be a decrease in pressure in the central cavity, in the 
contents, and in the gap region above the contents caused by a decrease 
in temperature in the regions. If ideal-gas behavior and constant gas 
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volume is assumed, and if the gas regions were assuned initially to be 
at 70°F (530°R) and 14.7 psia when the cask was sealed, the resulting 
pressure, P2, is 

P 2 = (14.7)T2/530 , 

where T 2 is the gas temperature. 
Air pressure in the upper cavity of the plus (regions 31 and 32) is 

P 2 = ^-TV^f) " 1 2 - 3 P s i a • 

Air pressure between the outer shells (regions 5 and 25) is 

P 2 - 14.7(H§) s 12-3 P s i a 

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

p2 - i 4 - 7 d f i ) " 1 2 - 4 p s i a • 
Air pressure in the cask cavity (regions 11, 12, and 21) is 

P 2 - 1 4 - 7 0 | § ) * 12-5 P s i a • 
Air pressure in the lower cavity of the plug (regions 33 and 34) is 

P 2 ' 1 4 - 7 ( | D ) " 12'5 P s l a • 
Air pressure in the 2R container (region 19) is 

P 2 " 1 4-7(555) * 17'75 P 8 i a * 
All of the above pressures result from temperatures in the -40°F ambience, 
with a decay heat load of 350 W. 
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•t.3.6 Maximum contents temperature 

The simplifying assumption that the contents of the cask consist of 
a homogeneous solid as opposed to an array of cylindrical rods i-ecults 
in a lower calculated centerline temperature for the contents. 

Cox 2 6 presents a correlation for calculating a corrected centerline 
temperature for an array of cylindrical rods: 

1 o-M 

where 
T x is the cen-.erline temperature (°R), 

Ql/Ai is the heat flux from one rod (Btu/hr*ft2), 
a is the Stefan-Boltzmen constant (0.1714 x 10~ 8 Btu/hr-ft2*^1*), 
T2 is the mean temperature of the 2R container (°R), 
K is a dimensionless constant from Fig. 19 of Cox's report. 

Based on an array of 37 1/4-in. rods, 

A x = TTDL = ir(0.25)(54.375)/144 , 

A x = 0.2966 ft 2 , 

_ s 1000 W 3.413 Btu/hr Q_ 0 / _„ .. . 
Q 37 rods X W 9 2 ' 2 4 B t u / h r * r o d » 

T 2 - 446°F - 906°R , 

K - 11, 

T l . / 22,24111} + A 1 / I f 

\ (0.1714 x 10- 8)(0.2966) / 

- 1280°R - 820°F . 

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

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

2.4.1 Thermal accident analysis 

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

2.4.2 Thermal model 

The computer model described in Sect. 2.4.1 was used to determine 
the temperature distribution within the container during the 30-min 
thermal exposure and postexposure cooldovm period. The air gaps between 
the outer shell and the lead were eliminated and contact was assumed. 
The steady-state temperature distribution resulting from 100°F ambience 
and a decay heat load of 100C W was used to start the calculation. The 
postexposure period was considered over a time span sufficient to allow 
all cask temperatures to begin dec.eu.Jing with time. No special cooling 

http://dec.eu.Jing
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was asscoed, only normal radiation and natural convection transfer to the 
100°F environiient. 

2.4.3 Maximum temperatures 

The temperature-time history of several points of interest is given 
is Fig. 2.2 (see Table 2.2 and Fig. 2.3 for explanation of these point 

* locations). 

2.4.4 Maximum pressures 

The cavity pressure increase cannot be precisely calculated, since 
the seal has been predicted to fail. Since such a seal could fail over 
some significantly broad range of temperatures, the maximum temperature 
at failure is assumed to be the maximum cavity temperature, and the 
pressure increase is calculated as in Sect. 2.3.4: 

*! - T T - ̂ y - »-7 P.U - X5.0 p.ig . 

The pressure in the inner container is 

* - T T - ( i 4 - 7 ^ r o ? - »•« p - - "•'»"«• 
2.4.5 Damage assessment 

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

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



101 

ORNLDVG 74 - I2902 

r~ - ^ • — 

-

f •-CASKI MD A-l 

• 

a 
A - 6 I 

IK SIOC^ 
NO A - » 

/ 

/ - O O T I 
/ A-5 

R SURFACE 
ANO A-» 

OF LEAD 

^--CONTEI 
^PRWARY 

AREA A 

/ 

OF LEAD 

^--CONTEI 
^PRWARY 

AREA A 

/ 

OF LEAD 

^--CONTEI 
^PRWARY 

AREA A 

TS CENTI 
CONTACT 
i 

R A-7 
IEAL / 

OF LEAD 

^--CONTEI 
^PRWARY 

AREA A 

TS CENTI 
CONTACT 
i 

R A-7 
IEAL 

/ H 

OF LEAD 

^--CONTEI 
^PRWARY 

AREA A 

TS CENTI 
CONTACT 
i 

R A-7 
IEAL 

/ 
^-CASK 9 AL A-2 

' 

^ C A v m WALL A-4 AND A-« 

0 1 0 2 0 3 D « B 1 0 ' 1 0 7 0 1 0 

Tim mm 
Fig. 2.2. Cask temperature. 



102 

ORNL DWG 74-12830 

t.stzs —Q--
2«rs — O 

45.1SS 

ALL OlMCIISlONt 
•IVCN IN INCHES 

§ 
6 

Fig. 2 .3 . Lead melting. 



103 

3. CONTAINMENT 

It is required 1 - 3 that packages maintain containment of the radio
active contents during normal and specified accident conditions. The 
containment boundaries and capabilities of the package are outlined below. 

3.1 Containment Boundaries 

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

3.1.1 Primary containment 

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

All other materials shipped which do not conform to "special form" 
are contained in a Specification 2R container or equivalent (see Sect. 
1.7), which forms nrimary containment. Typical examples of ORNL 2R 
containers are illustrated in Figs. 1.38, 1.39, 1.40, and 1.41. These 
containers are designed to be "leak-tight" to the extent that water will 
not leak from the container at the anticipated pressure and temperature. 
The container shown in Fig. 1.39(d) is designed for leak checking and 
will be leak-tight to tha extent that leaks are not detectable by time-
pressure-drop techniques. All powders and other dispersibles will be 
shipped in 2R containers wjaich are leak checked. Solids such as metal 
specimens, etc., may be shipped in containers which are not designed for 
leak checking. 

For "special form" shipments, the veiled encapsulation forms primary 
containment. See Fig. 1.37 for an examp e of "special form" encapsula
tions and Sect. 1.6 for a description of jRNL special form certification. 
If the material is doubly encapsulated, the outer welded capsule forms 
secondary containment. These lines of containment are routinely leak-
checked using a mass spectrometer or leak-detection techniques with an 
elevated-temperature-solution inversion bubble. Occasionally, irradiated 
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aetal specimens which conform to the requirements for "special form" are 
shipped in the cask. These specimens do not have total transferable 
surface contamination in excess of allowable release limits* hence do not 
require a primary containment vessel. 

* 
3.1.2 Secondary containment 

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

3.2 Requirements for Normal Conditions of Transport 

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

3.3 Containment Requirements during the Hypothetical Accident 

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

The test series for "special form" demonstrates that "special form" 
encapsulation will not fall nor leak contents as the result of the free 
falls. The tests required by the regulations demonstrate this. The 
"special form" thermal test results in temperatures in excess of those 
applicable to the contents during the specified thermal exposure (see 
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Sect. 2); hence there will be no release during the thermal exposure. 
The water immersion test for "special form" is identical to the hypo
thetical accident. 

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

The temperature of the primary seal will not reach 600°F (see Fig. 
2.2). It will remain above 500°F for a few hours (estimated to be less 
than 5 hr by extrapolation of Fig. 2.2). Note that the cask i9 cooled 
according to the regulations after the centerline temperature has begun 
to fall. 

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

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

3.4 Containment Testing 

On August 21, 1974, two Specification 2R containers as Illustrated 
in Figs. 3.2 and 3.3 were drop tested at ORNL to establish the adequacy 
of this type of container as the primary containment vessel for radio
active materials. This type of container is extensively used at ORNL In 
conjunction with various shielded casks. Normally, the containers are 
assembled using forged caps for both end closures. Frequently, one cap 
is welded to the pipe nipple to enhance its structural Integrity. Both 
steel and stainless s:eel pipe and caps have been used. For this test, 
the cast steel (malleable) caps were used at one end due to a temporary 
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Photo 2468-74 

Fig. 3 .2 . The 2R tes t model. 
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shortage of forged caps. In all the tests below, the forged cap is 
nearest the point of impact. The cask cap is not considered a part of 
the test except to facilitate leak testing. 

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

Both containers were then refilled with water. The first container 
was dropped from a height of 30 ft onto the pad without any outer protec
tion. It impacted at a very flat, oblique angle. No leakage of water 
was observed. There were significant leaks at both threaded joints when 
it was air-soap-bubble tested at 10 psig. The second container was 
dropped, as above, such that the plane containing the point of impact 
and the cenr.er of gravity was essentially vertical. Again, there was no 
visible loss of water. A 10-psig air-3oap-bubble test revealed signifi
cant leakage around the lower (nearest to the point of impact) threaded 
joint. 

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

Two inner 2R containers similar to those (see Figs. 1.40 and * "*) 
used with the cask were drop tested by the ORNL Chemical Technol, 
Division to establish their containment capability. These tests demon
strated that the containers were adequate to maintain containment of the 
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contents after the 30-ft free fall. A copy of the original test report 
is reproduced in Appendix D. 

4. SHIELDING 

The regulations2'3 specify maximum permissible radiation dose rates 
for both normal and accident conditions. For normal conditions, the dose 
rate at the surface of a package may not exceed 200 millirems/hr. Also, 
the transport index may not exceed 10, which limits the rate at 3 ft from 
the package surface of 10 millirems/hr. It is also required that after 
the specified accident i-he dose rate at 3 ft may not exceed 1000 
millirems/hr. 

4.1 Normal Conditions 

Shielding is formed by a minimum of 9.5 in. of lead and 0.75 in. of 
steel and stainless steel. After loading, but prior to removal from the 
loading area, the cask is surveyed as outlined in the operating procedures 
(see Appendix F) for conformance to dose rate requirements. Thus, a 
calculation of dose rates for normal conditions is not necessary. 

4.2 Accident Conditions 

The free-fall accident would locally reduce the shielding 'as dis
cussed in Sect. 1.5. The specified thermal accident (Sect. 2.4) could 
result in loss of shielding if the shell ruptured and the lead which had 
melted were lost. Since rupture of the shell is credible due to the 
unknown quality of the welds, it is assumed for the purpose of accident 
condition shielding evaluation that all lead which melts is lost. These 
shielding reductions are summarized in Figs. 1.27, 1.29, 1.35, and 2.3. 
The largest shielding reduction results from the side impact. The calcu
lations below demonstrate that the dose rate will not be increased beyond 
the limit allowed by the regulations. The shielding model, shown in 
Fig. 4.1, is assumed for dose rate calculations. The effective lead 
shielding thickness, d, following the side impact is 7.16 in. 



I l l 

ORNL DWG 75-495 
L*— ASSUMED POSITION 
' OF LINE SOURCE 

LEAD 
SOURCE 
VOLUME 

58.25 

2.125 

ALL DIMENSIONS 
GIVEN IN INCHES 

Fig. 4.1. Accident shielding model. 



112 

It can be conservatively assumed that all of the source photon 
energy is converted to heat. If it is further conservatively assumed 
that the source decays by the liberation of one 1-MeV photon per dis
integration, then the photon source which will, produce 1000 W of heat is 
given by 

1 0 0 0»*i. (££ t»'5-» * M w - 6 - 2 4 * 1 0 ' 5 *•«-/•« • 
It should be noted that no neutron sources will be transported. 

A simple shielding model assuming a line source and slab shields, 
shown in Fig. 4.1, allows one to calculate the flux, <f», at the dose point 
using the expression27 

Jl 
2na * " T^t t^* 6' bl> + (1 " A)F(6, b 2)] , 

where 
S - photon source per unit length, 
a = distance from line source to dose point, 
A * coefficient in two-term exponential expression fcr 

buildup factor, B, where B = Ae" 1 1 0' + (1 - A)e~w , and 
a and g are the exponential coefficients, experimentally 
determined, 

u • linear attenuation coefficient of the shield material, 
t • thickness of the shield material, 

F(0, b) » a geometric function given by / e sec 8' d6', 
9 - angle shown in Fig. 4.1, 

t>l = Hit, 
in • p(l + a), 
b 2 - M2t, 
u 2 - u(l + 6). 

Buildup in the steel will be neglected since the steel chlcknesfes are 
very small. 
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For 1-MeV photons in lead, 2 8 

u = 0.776 o n - 1 , 

A = 2.45 , 

a = -0.045 , 

B = 0.178 . 

and the F functions are available in graphical form.''7 

The calculation of the dose rate at a point 3 ft from the point of 
side impact is shown below: 

c 6.24 x 1 0 1 5 photons/sec . -,, n n i 3 ... , 
S T * c o o c-; Jr-r7 T*— = *« 22 x 1 0 1 3 photons/cm-sec , 
L 58.25 in . x 2.54 cm/in. v 

a = 2.25 + 7.16 + 0.75 + 36.0 * 46.16 in . = 117.25 cm , 

t - 7.16 in . - 18.19 cm , 

e . t a n-i mWL m 3 3 o , 
3 

Ul - u.(l + a) = 0.776(1 - 0.045) = 0.74 , 

bi - pit - 0.74(18.19) - 13.48 , 

U2 - u(l + 6) - 0.776(1 + 0.178) - 0.91 , 

b 2 = w J t - 0.91(18.19) - 16.55 , 

F(32°, 13.48) * 4.2 x 10" 7 , 

F(32°, 16.55) * 1.6 x 10" 8 , 
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• " M117.25) 3 t 2- 4 5**' 2 x 1 0 " 7 ) " 1-«(1.6 x 10-8)] 

» 5.76 x 10** photons/c«2*sec -

In order to convert this flux to a dose rate, a conversion factor for 
1-MeV photons i s 2 7 

(2 x 1 0 - 3 mR/hr)/(photons/cm2-see) . 

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 at 3 ft, D, is 

D - (5.76 x 10l*)(2 x 10"3) » 115 millirems/hr . 

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

5. CRITICALITY 

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

The cask has been approved by the 0RNI. Critlcality Committee (NSR 
342, Revision 1, and additional information in Appendix E) for a maximum 
loading of 1250 g of fissile isotopes (combinations of 2 3 5 U , 2 3 3 U , and 
Plutonium) with the stipulation that, if the mass loading exceeds 800 g 
of fissile Isotopes, tha material will be so arranged that the fissile 
loading will not exceed 2r0 g per linear foot under normal and accident 
conditions. This requirement restricts the contents to a safe mass per 
foot for infinitely long wator-reflected cylinders and ensures safety 
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during loading and unloading underwater. The overall mass limit of 
125C g of fissile isotopes and the 4-in. <Hame*:ir render the cask safe 
against redistribution of the contents in an accident. Also, as shown 
in the structural analysis, the contents of the cask will remain inside 
the cavity in 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 regulations1'2 require packaging to be designed, fabricated, 
and operated in compliance with an established iormal quality assurance 
program. This compliance is discussed below. 

6.1 Fabrication, Inspection, and Acceptance Tests 

The fabrication work on these casks was performed prior to the 
requirements for a formal quality assurance program. The casks were 
fabricated by National Welding and Manufacturing Company of Newton, 
Connecticut, based on design by the Equipment Design Group of CANEL, a 
division of Pratt and Whitney Aircraft Corporation. The cask will be 
modified to improve its structural integrity and to enable it to comply 
with the thermal accident requirements of the regulations. The modi
fications have been designed by the Equipment Design Section of the ORNL 
General Engineering Division. The modifications will be made 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. Since fabrication, 
the containers have been in continuous use without failure, incident, or 
apparent loss of effectiveness. 

Upon completion of the modifications, ORNL Inspection Engineering 
will inspect the containers. The modification will be done in accordance 
with ORNL quality assurance procedures. The inspection report will be
come .art of the cask permanent quality assurance file. 
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The Specification 2R inner containers are designed as outlined in 
Sect. 1.7 and are fabricated in accordance with ORNL or equivalent 
quality assurance procedures. Welds are made by qualified welders and 
appropriately inspected. Material is purchased in accordance with ASTM 
or ASHE specifications. The completed vessels are inspected for con
formance to fabrication drawings and pressure tested (see Sect. 1.7). 
Reusable inner containers are inspected prior to each use. 

Special form materisla are fabricated to confom to the requirements 
of the regulations. Each encapsulation is leak, checked by appropriate 
methods. Fuel element and experiment cladding is fabricated in accordance 
with established procedures; leak checking of such cladding is routinely 
done. 

6.2 Operating Procedures and Routine Inspection 

Operating and routine Inspection procedures and standard checklists 
to ensure that all shipments are safe and comply with the regulations 1 - 3 

have been prepared and are followed by the ORNL Operations Division. A 
copy of the procedures and the checklists *re presented in Appendix F. 
When the cask is loaned to others, the checklists are forwarded to that 
organization. 

6.3 Periodic Maintenance and Inspection 

Annual inspections are performed by Hot Cell Operations and Inspec
tion Engineering personnel, and an inspection is performed at the time of 
each shipment by operating personnel according to the procedures in 
Appendix F. Upon return to ORNL, the casks are again visually Inspected 
to ensure that they are in good repair. Maintenance is required only 
when an inspection indicates damage. 
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Appendix A 

AS-BUILT DRAWINGS 



Fig. A.l. Horizontal Pratt & Whitney in-pile capsule shipping cask assembly, modifications, 
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Fig. A.4. Horizontal Pratt & Whitney in-pile capsule shipping cask, modifications detail. 



Fig. A.5. Horizontal Pratt & Whitney in-pile capsule shipping cask assembly. 



Fig. A.6. Horizontal Pratt & Whitney in-pile capsule shipping cask, detail. 
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Fig. A.7. Horizontal Pratt & Whitney in-pile capsule shipping cask, detail. 
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Fig. A.8. Horizontal Pratt & Whitney in-pile capsule shipping cask, support frame assembly. 
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INTRA LABORATORY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

June 10, 1975 

TO: J . H. Evans, E. M. King 

Fro*: Transportation Committee 

SUBJECT: Approval of SARF - ORNL In-Pi l e Capsule 
Shipping Cask 

The ORNL Transportation Committee has reviewed the subject SARF in l i g h t 
of the requirements ( internal reviev) o f paragraph B of AEC Inmediate 
Action Directive 5201-3. Particular at tent ion was given to the areas 
of s tructural in tegr i ty , thermal re s i s tance , radiation sh ie ld ing , nuclear 
c r i t i c a l i t y sa fe ty , and quality assurance. This review did not necessari ly 
consider e d i t o r i a l , typographical, or computational correctness , these 
matters being the responsibi l i ty of the authors and the ir sponsors. 

I t has been determined that the container meets the requirements of ERDAM 
0529 and the SARP Is approved for submission to the ERDA requesting a c e r t i f i c a t e 
of compliance and approval of the cask for use in o f f s i t e shipments of f i s s i l e 
and radioactive materials . 

)RNL Transportation Committee 

EMK:JNR:bb 

cc: Transportation Committee 
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SC4I1 
n c n n 
MCMUfl 

camncATf OF 

5907 
ic na»«|t i* initim • ii w->. M. ra^i 
USA75907/BLF (PQE-OR) I 1 

Oak Ridge Rational Laboratory 
P. 0. Box X 
Oak Ridge, Tennessee 37830 

Of T « * « * t 

Safety Analysis for the ORML In-Pll< 
Capsule Shipping Cask 

Report Mo: ORNL/EHG/TH-10 

j: November 1977 

lDo< 10CFR71.S 

s. o»Ki»inio»r»iii^mn^«inni ••!< 
(a) Packaging; 

(1) Model No.: OKHL In-Pile Capsule Shipping Cask. 
(2) Description: 

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

(i) A sliding gate having 12 - 3/8" dla. closure bolts. 
(11) A lover plug having 8 - 3/8" dla. closure bolts. 

(ill) An upper plug having 8 - 1/2" dia. closure bolts. 
Each opening Is gasketed with a neoprene gasket, 
is 17,000 lb. The skid weighs 1,000 lb. 

The cask gross weight 

ft> Oattotl* October U, 1977 m>. E n w w D w 
ton THE us ATOMICENERGY COMMISSION 

r o«i«»i 
Department of Energy 
Post Office Box E 
Oak Ridge, Tennessee 37830 

7b Si»«li*». H»tm. «wd TttH of AtmrortntOfltcif; 

to; InGmwoW William H. Travis, Director 
Safety 6 Environmental Control Division 



137 

Page 2 - Certificate of Compliance, No. USA/5907/3LF (DOE-OR), Revision 1 

(3) Drawings: 

The cask, was constructed in accordance vi th Eratt & Whitney Drawing 
CLR-10572-12 and oodified in accordance with Oak Ridge National 
Laboratory Drawings !.-lli65-EL-001-D through -011-D. 

(b) Contents: 

(1) Type and Font of Material 

Solid, large quantity of radioactive aaterials, fissile and non-fissile, 
encased in netal cladding, aeeting special fota or packaged in DOT 
Specification 2R inner container and whose decay heat load does not 
exceed 350 watts when shipped by cotrton carrier. When shipped by ex
clusive use vehicle, the decay heat load will not exceed l,SCO watts. 

(2) :iaxioici quantity of aaterial per package 

Fissile aaterial is limited to 1250g per shipaent; however, if the total 
quantity of fissile oaterial exceeds SOOg, the distribution of fissile 
aaterial is further United to 250g per linear foot. 

(c) Fissile Class I 
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Appendix C 

COMPUTER LISTING AND DERIVATION OF EQUATIONS 

1. 1001 CASK 
2. 1005 CASK 
3. 1014 CASK 
4. 1016 CASK 
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Program 1001 CASK 
Derivation of Equations 

When a cask constructed of single ideally plastic material impacts 
on its top corner, the major portion of the kinetic energy will be dis
sipated through displacement of material in the impact area. An ideally 
plastic material is one which has a stress-strain relationship repre
sented by a horizontal line. 

The expression 

dU - S dV , 

where 
S = specific energy, 
V = displaced volume of material, 

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

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

dV - (1/2)XY dZ , 

where, by trigonometry, 

X = R(cos B - cos A), 
Y » X tan a R(cos B - cos A), 
dZ • R cos BdB. 

It follows that 

dU - SXY dZ/2 , 

U - I dU - I SXY dZ/2 . 
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ORNL DWG 74 -9726 

S«Ct C-C 

Fig. C.l. Computational diagram. 
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This expression can be readily solved using the computer. A value for 
the angle A can be assumed and B can be incremented from -A to A or from 
0 to A if the result is multiplied by 2 and the energy required for the 
assumed deformation is computed. A is started small, incremented, and 
the energy required compared with the potential energy of the cask. In 
this manner a calculated impact history is produced. The program also 
computes other variables, using the expressions below: 

Maximum deformation: A = R(sin a)(l - cos A) 
Applied force: F = dU/dA 
Acceleration: a =* Fg/W 

The velocity at any increment is found from the kinetic energy relationship 

AKE = U = ?(V 2 - V 2) , z o 

or 

V - [V2 - 20/M)] 1/ 2 « [(2g/W)(Wh - U ) ] 1 / 2 , 

where 
V = initial velocity (fps), 
M • cask mass (lb-sec2Aft), 
W - weight (lb), 
h » drop height (ft), 
g * gravitational constant (lb -ft/lb-'sec2). 

m t 

The time is computed from the relationship 

a - dV/dT , 

or 

dt * dv/a , 

and summary techniques. 
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* * P T B # t , E # C . 
C PBOGBAfl BORBEB 1001-CASK 
C BADE OP A B0BO6BBE0DS BATEBIAL / AB IDEAL STBESS-S1BAIB BELATIOBSBIP 
C IBPACTIBG AB OBXXELDIBG SURFACE. TBI CASK IBPACTS CI ITS COBBEB 
C TBXS PBOGBAB COffPOTES THE BESPOISE OF A CASK BATIBG BIGHT CTLIBDBICAL 
C GEOBETBT. 
C PT JOBS ETABS P.E., GEBEBAL EBGIBEEBIRG DITISIOB, CAK BIOGB HATXORAL LAB. 
C 
C G1CSSABT OP BOTATIOR 
C BaBADIOS.OP CASK 
C C-CASK LEBGTB 
C S»YIELD STBESS OB PLOW PBESSOBE 
C B-CAS& BBI6HT 
C K-DBOP HEIGHT 
C O-ABGLE AT BHICH CASK IBEACTS 
C O-EBERGT 
C P«FORCE 
C T-TIBB 
C AG*ACCELERATION 
C OT=TCTAL EIEBGT 
C T=TELOCITT 
C X-DEFOBBATIOB 
C AR-ABGLE IB COBTACT / THE SOBPACE 
C 

DMEBSIOB f (1000) ,AR(1000) , F ( 1 0 0 0 ) , 0 (1000) ,T (1000) ,AR (1000) , 
1 1 (1000) , AG (1000) 

P I » 3 . 1 » 1 5 9 6 2 5 * 
S - 0 . 0 
ABA '0.0 

C IBPOT HATERIAl CORSTABT 
C IBPOT CASK GEORBTBT 

V-16000. 
C*8«. 
B-12.5 

1010 P0RRAT(1H ,30X,«O. B. H. L. IB PILE SHIPPING CASK') 
0«ATAB(2.*B/C) 
Sfl-O.G 
DO 90 B>1,5 
SB-1.+SH 
S « a 0 0 0 . * ( 2 0 0 0 . * S ( 1 ) 

C IBPOT TEST COBOITIOB 
fl-36.0 
DO 20 RB*1,2 
IP(BB . B E . 1) H=360. 

C IBPOT ABGLE XBCBEHEBTS 
30 B B - . 0 1 

AA-.01 
BBITE ( 5 1 , 1 0 0 2 ) 
IIRITE ( 5 1 , 1 0 0 2 ) 
BBITE ( 5 1 , 1 0 1 0 ) 
BBITE ( 5 1 , 1 0 0 2 ) 
BBITE ( 5 1 , 1 0 0 2 ) 

C ZERO SUBSCRIPTED VARIABLES 
DO 1( 1 -1 ,1000 
AB(I)»0.0 
AG ( I ) - 0 . 0 
T(I )*0 .0 

f 
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X (IV = 0 . 0 
f ( I ) = 0 . 0 
P ( I ) = 0 - 0 
0 ( 1 ) = 0 . 0 
AR ( I ) = 0 . 0 

1» COHTIROE 
C ZEBO RORSOBSCRIPTED UPIABLES 

TA=0.0 
A I = 0 . 0 
4 = 0 . 0 
AB=0.0 
TX=0.0 
0 = 0 . 0 
XX=0.0 
XA=O.O 
UT=B*H 
T V = S Q R T ( ( 6 0 . * H } / 1 2 . ) 
0 0 1 1 = 1 , 1 0 0 0 
AB=0.0 

C IKrBEHEST ARGLE A 
9 A=A*AA 

c»=cos(&) 
B = 0 . 0 
AE=0.0 
S0B0=0.0 

1 0 DO 2 J : , 1 0 0 0 
C IICBEHERT ARGLE B 

8=B*BE 
CB=COS(B) 

C CALCOLATE VOLOHE DISPLACED 
11 CC=(CB-CA) 

BT*TAR(0)*H*CC 
BX=R*CC 

12 DZ=R*CB*BB 
PO=BY*BX*DZ*S 

C CALCULATE EHEPGT ABS0SBE3 
sono=soao*DO 

C CALCULATE AREA 
13 DA=2.*BX*DZ/C0S(0) 

AE«=AE»DA 
IF(B.GE.A) GO TO 3 

2 COHTIROE 
3 0(T)=SOHO 

I F ( 0 ( I ) . G E . O T ) GO TO * 
AR(I)=AE 

C CALCOLATE FORCE 
P ( I ) = » R ( I ) * S 

C CALCOLATE TELOCITI 
5 VA = S Q R T ( ( 6 » . / ( 1 2 . * « ) ) * ( O T - 0 ( I ) ) ) 

C CALCOLATE ACCELERATOR 
A G ( I ) = P ( I ) / W 

C CALCOLATE OEFORHATIOR 
XA = ( T A R ( 0 ) * C 0 S ( C ) * R * ( 1 . - C A ) ) 
X (I ) =XA 

C CALCOLATE TIBE 
TX*(XA-XX) / ( (TV»TA)*6 . ) 

7 TA*TA»TX 
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T f t ) » T I « 1 0 0 0 . 
XX»X1 

6 V(I)*T& 
8 TT«»» 

IB ( I ) - 1 * 5 7 . 3 
I f ( 0 ( I ) . G E . O T ) CO TO a 

1 COITXBOE 
« COBTIIBB 

C CBTPBT-BBITJ LOOP 
K - I - 1 
MITE ( S I , 1002) 
• B I T S ( 5 1 , 1 0 0 4 ) 

100* POIBIT (IB', 9X,37BC1SK CEOBETBT XBD BATEBIA1 EBCFEBTIBS) 
MITE ( 5 1 , 1 0 0 2 ) 
BUTE ( 5 1 , 1 0 0 5 1 

1005' POBRAT ( I B , tX,6BBADI0S,8X,6BLEB6TB,10X,€BBEiedT,6X, 
1 15BSPECIFIC EBEBGT) 

• B I T : : ( 5 i , 1 0 0 6 ) 
1006 POBRAT ( I B , «X,6BIBCHES,8X,6BIBCEES,10X,6BPC0BDS,8X 

1 1 3 H t B - i I / C 0 . I I . ) 
• B I T E ( 5 1 , 1 0 0 2 ) 

1002 POBBiT(IBO) 
• 1 I T E ( 5 1 , 1 0 0 7 ) 8 , C , B , S 

1007 PORBAT ( P 1 1 . 3 , P 1 « . 3 , P 1 6 . 1 , P 1 8 . 1 ) 
• B I T E ( 5 1 , 1 0 0 2 ) 
• B I T E ( 5 1 , 1 0 0 0 ) 

1000 POBHAT (1B.,*X,11BDErORRATIOR,«X,68TELOCITT,7X,«RTIBE,13X,5HPCBCE, 
1 10X,6BEIEtCT,5X,12HACCELEBATICB) 

• B I T E ( 5 1 , 1 0 0 1 ) 
1001 POBHAT ( I B , 6X,6BHCHES,7X,8RPT. /SEC. ,4Z,12HRILLISECOBDS,8X < 

1 6RP00RDS,10X,6BLB-IB. ,10X,3HX G) 
• B I T E ( 5 1 , 1 0 0 2 ) 
DO 15 1*1 ,X 
•BITE ( 5 1 , 1 0 0 3 ) X ( I ) ,T ( I ) ,T ( I ) , P ( I ) , 0 ( I ) , AG ( I ) 

1003 PORHAT(1H , P 1 « . « , P 1 J . 2 , P 1 6 . 5 , P 1 5 . 2 , P 1 6 . 2 , F 1 2 . 2 ) 
15 COBTIBOE 

CALL Q W I K P L ( I , i G , K , ' L I » E A B , , , J . H . E ? A » S $ ' ) 
20 COBTIBOE 
90 COBTIBOE 

STOP 
ERI) 
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Program 1005 CASK 
Derivation of Equations 

When a cylindrical cask fabricated from a homogeneous material 
Impacts on its side, tne deformation can be approximated as shown in 
Fig. C.2. The volume, V, of materiel displaced, shown shaded in Fig. 
C.2, is expressed as 

V =• LR 2/2 (26 - sin 20) , 

V = R2L(6 - sin 6 cos 6) . 

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

U - SV - SR 2 L(6 - sin 6 cos 0) . 

This equation can be solved by trial and error by assuming values of 0 
and calculating until 

U - Wh , 

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

X » R(l - cos 0) . 

The area, A, at the surface is 

A * 2LR sin 0 . 
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It follows that the force, F, is 

F - SA , 

and the acceleration, a, is 

a - F/M - Fg/W . 

A computer program can be written to solve these equations for increasing 
values of 8 until the deformation is sufficient for U to equal the cask's 
potential energy Wh. In this fashion an acceleration deflection, energy 
history of the Impact can be calculated. Also, velocity, V, can be com
puted from the kinetic energy relationship 

D - AKE , 

and the lapsed time from the relationship 

dt - dv/a . 
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* * P T B . L . H . E . S , A . 
C PBOCBAC BOBBBB 1005-CASK 
C 
c 
C THIS PBQSBAH ABALIZES THE IBP ACT Of A CASK HAVIHG BIGHT 
C CTLIIDBICAL GEOHETBT. IBPACTIMC KITH ITS AXIS HOBIZOBTAL , COOtO BT 
C JOHB EIABS P.B.. iU.EKI. Olf. OBIL. JOBS 1973. 
C 
c 
c 
c 
C GLOSSABI Of BOTATIOH 
C 
C »DEFLECTIOB(IHCBES) 
C U*EBEHGT(LB-IBCHKS) 
C P*POBCE(POOBDS) 
C AG*ACCE1EBAII0B(G<S) 
C t*TELOCITY(FT/SEC) 
C B-HEIGHT OP THE CASK(POOBDS) 
C H*DBOP HEIGHT(IBCKES) 
C C-CASK LEBGIH(IBCHES) 
C B*CASK BAOIDS(IBCBZS) 
C 0=ABGLE SUBIEBDED BI THE DEFOBHED ABEA(BADIABS) 
C 0T«TOTAL POTEBTIAL EBEBGT OF THE CASK (LB-ZKCBES) 
C T=SHELL IHICKBBSS ( I I . ) 
C TH*HEAD THI CM ESS. PLUG EBO ( I B . ) 
C TAB=HEAD THICKBESS.EOTTOR EBO ( I B . ) 
C B=CASK HEIGHT (POUHrS) 
C SL=SFECIFIC EHE&GZ OF SHISLDIHG HATEBIAI ( IH-L8/CU.IB) 
C SC=SPECIPIC EBEBGZ JF CLAEpiBG IB COHPBESSIOB ( I B - L 8 / C 0 IN) 
C O0=IBCBEHEBT OF AHGLE 0 
C TH=TIHE (SEC.) 
C G=ACCELERAZIOB (FT/SEC/SEC) 
C »L=fOLOHE OF SHIELOIHG DISPLACED (CO.IB. ) 
C DH=5BERGI DISSIPATED IB CEFOBBIBG THE HEADS ( I B . L B . ) 
C UL=EHERGI DISSIPATED IB DISPLACIBG SHIELDIBG ( I B . L B . ) 
C ZZ=S3ERGI DISSIPATED IB DEFOBHIBG COOLIBG FIBS (IB-LB) 
C 

DIHEBSIOB 0 ( 1 0 0 0 ) . X (1u00) , P ( 1 0 0 0 ) , G ( 1 0 0 0 ) . A G ( 1 0 0 0 ) .TH(1000) 
1.AP ( 1 0 0 0 ) . V (1000) 

1Z-0. 
C IBPOT CASK GEOHETBT 

TH»G.O 
TAH*0.0 
T * . 7 5 
8*16000 . 
B = 1 2 . 5 
CL*58. 
DO 99 B H * 1 , 2 

C IBPOT Teat COBDITIOB 
H*36. 
I P ( B B . B E . 2 ) GO TO 9 8 
H*360 . 

98 COHTIHOE 
C CALCULATE CASK POTENTIAL EHBBGI 

PT»B*H - ZZ 
C IBPOT IBCBEHEBT OF ABGIK.O 
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0 0 * . 0 1 
C IIPDT BATL. PBOPEBTIES 

DO 90 H=1,2 
S L = « 0 0 0 . 
SC* 1000 00 . 
I P ( H . E Q . 1 | GO TO 91 
SL=10000. 
SC=2*0000 . 

91 COBTIBOE 
C ZEBO SOBSCBIPTED TABIAaLES 

DO 1 1=1,1000 
X (11=0.0 
0 (11=0 .0 
TH (11=0.0 
G(I )=0 .0 
P(I1=0. 
AG(I)=0.0 
AP(I)=0.0 
f (11=0.0 

1 COBTIIDE 
C ZEBO 10-SOBSCRIPTED TABIABLES 

OL=0.0 
0H=0.0 
DT=0.0 
TS=0.0 
P0=0.0 
VT=0.0 
00=0.0 
PP=0.0 
XZ=0.0 
0=0.0 
T(1)»S0BT((6«.«H/12.)) 
f t=»(n 
DO 2 1=1.1000 
IP(I.E}.1) GO TO 21 
0=O*00 
SO*STB(0) 
SOO=SH(2.*0)/2. 
C0=C0S(0) 

C CALCULATE fOLOHE OP SHIELD!IG DISPLACED 
C EQOATXOB 1 

fL= (B*B*CL*(O-SOO)l 
C CALCULATE EBEBGT DISSIPATED IB DISPLACIBG SHIELOIBG 
C EOOATIOB 2 

0L=SL*TL 
C BOOATIOB 6 

QO=0-SOO 
C EOOATIOB 12 

Tff* (TH»TAHI *R*B»0O 
C EOOATIOB 13 

OH=SC*TB 
ABL»2.»B»S0*CL 
POBL=ABL*SL 
ABH=2.*B*S0«(TB • TAB) 
POBB=ABB*SC 
0 ( 1 1 »0H • OL 

C COHPOTE DEPOBHATIOB 



I C O 

X C I i * B * ( 1 . - C 0 | 10 
C COaPBTE APPLIED POKE 

P(I)*PDBL • POBH 
C COH20TE ACCELEBATICB 

C ( Z ) * ( ? < I > * 3 2 . 1 / * 
AC ( I ) * P ( I ) / B 
IF(0(I) .GT.OT) GO TO 7 

C COBPCTE TELOCITY 
8 T(I)x SQRt((0T-B(I))*t6«./(B*U.m 11 
7 COITIBOE 

C COBPOTE LAPSED TIHE 
DT*0. 
IP(G(I) .BE. 0.) DT=(»I-tUn/3(I) 
TS"TS»OT 11 
I H ( I ) * I S * 1 0 0 0 . 

C COMPOTE PEBCEBTAGE EBEBGI STOBEO 
P O « 0 ( I ) / M 

21 COBTIBOE 
5 XX* I (II 15 

00*0 (D IS 
t ¥ * f l H 15 
PP • P ( I ) 
I P ( 0 ( 1 ) .GE.OT) GO TO « 16 

2 COBTIBOE 16 
« COBTIBDE 16 

J » I - 1 
C OOTPOT-BBITE LOOP 

B B I T E ( 5 1 . 1 0 0 9 ) 
WRITE(51,1009) 
WHITE ( 5 1 . 1 0 0 2 ) 
B B I T E ( 5 1 , 1 0 0 8 ) 

1 0 0 8 POBBAT(1H , 2 5 X . ' 0 . B. B. L. IB PILE SHIPPING CASK*) 
WRITE(SI .1002) 
WRITE ( S I , 1009 ) 
H B I T E ( 5 1 . 1 0 0 9 ) 
HBITE(S1 ,1002) 
WRITE(51,1009) 
BRITE(S 1 . 1 0 0 2 ) 
WRITE ( 5 1 , 1 0 0 5 ) 
H B I T E ( 5 1 , 1 0 0 6 ) 
BRITE(51,1002) 111 18 

1002 POBRAT(IHO) 11B 19 
1004 POBflATdH ,30X,13BCASK GEOBETRI) 
1005 FORBAT ( IB .«X,6BBA0iaS.9X.6Ui.E«GTH,8X,10BSHELL THK. , 5 Z , 

1 9HHZAD THK. .5Z.9HHEAO IHT.. ,7X.6KUEIGHT.5X, 
2 15HSPECIPIC EHEBGT) 

1006 POBBAT (1H ,«X,6HIHCH£S. 9Z,6KIIiwHES,9X,6HIBCHES,9X.6HIHCHES, 
1 8X,6HIBCHES,8I,6UPOUWi>S,7X,1lHIR-LB/C0 IB) 
B B I T £ ( 5 1 , 1 0 0 7 ) B ,CL,T,TB,TAB,U,S i . 

1007 POBBAT(1H , F 1 0 . 3 , 4 P 1 5 . 3 . F 1 S . 1 ,P12 .0 ) 
B R I T E ( 5 1 , 1 0 0 2 ) 11A 18 
WRITE ( S I , 1009 ) 
WRITE ( 5 1 . 1 0 C 9 ) 

* WRITE(51 ,1002) 
' ^ B B I T E f t l . l O O O ) 

1000 PORBAT (IB , » Z , 11HDEPOBaAriOB,<*Z,8H?ELOCITr,7Z,HHTIHE,13Z,5HPOBCE, 1 
1 T0Z,6HEB£BGT,5Z,12BACCSLEBATION) 
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• B I T E ( 5 1 , 1 0 0 1 ) 1 
1001 FORHIT (IB ,6Z.6HIMCB£S.7X.8HFt . /SEC. ,4I ,12HHILLISEC0HDS.8X, 

1 6BPO0MDS.10X,6HLB-I«. .10X.3HX G) 1 
KBITE(51 ,1002) 1 U 1« 

1009 F0RHAT(1H, X . » 9 H * * * * * • • # • • • • • • • • • • • * • * • • • » • • * • • • • * • * • • • * * • • • » • * » » , 
1 5 5 H * » * • * * * * * • * * • * * * * * • * * * * * * * * * • • * * • * * * * * • * * • • * • * • * * • • » » • • , 
2 1 Q B * * * * * » » * * * • • • • ) 

DO 11 1 = 1 , J 
HBITE(51 .1003) I ( I ) , T ( I ) , i a ( X ) . P ( I ) , U < I ) , » G ( I ) 

1003 FOBHAT(1H , F 1 2 . « , F1 .3 .2 .F 1 5 . 4 . F 1 8 . 2 . P 1 6 . 2 . F 1 2 . 2 ) 
11 COBTIWE IOC 

CALL 0HIKPL(X,AG,J,'LIMEAH*,• J .S .ETABSS*) 
CALL OSIKPWO.AG.J. • L I * e A a , . ' J . H . E ¥ A H S S M 
CALL O B I K P L d . O . J . ' L I H E l h ' , ' J - H - E T i K S S ' ) 

20 COBTITOE 
9 0 COMTITOE 
99 COBTITOE 

STOP 
EID 
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Program 1014 CASK 
Derivation of Equations 

The model shown in Fig. C.3 illustrates the general case of a cask 
equipped with an energy absorber which deforms in pure compression. If 
the force-deformation curve for the absorber is taken as shown in Fig. 
C.4, the expression 

AU « F (X - X .) - F 6 n n n n-1 n n 

represents the energy expended as the cask moves from X , to X and 
n—l n 

deforms the absorber an amount 6 . It follows that 
n 

U - I AU = I F6 . 
n n«0 n«0 

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

N6 = X n 

The deformation X may be written n 

X » e L - N6 . n n 

Solving for e , we have 

e - N6/L . n 

There exists an expression 

a± - f(e±) , 

where 
o » stress, 
e - strain, 
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for the material from which the energy absorber is constructed. Then 
the force F can be determined from 

F = aA , 

where A is the original cross-sectional area of the energy absorber. 
These relationships form the basis for the attached computer pro

gram. The absorber deformation is increased in steps of constant 
magnitude. Strain, stress, and force are computed for value of deforma
tion, and the energy for the step is determined. The energy is added 
to the sum of that from previous steps and compared with the cask poten
tial energy. When the dissipated energy equals the potential energy, 
the computations are complete. 

The program is currently supplied with stress-strain equations, 

o - f(e) , 

for stainless steel and mild steel. The program can be used for absorbers 
having any cross-sectional shape. It is equipped to compute the area for 
toroidal absorbers (see Fig. C.5c) and for rectangular absorbers (see 
Fig. C.5b and 5c) having a constant thickness. In the case of the 
toroidal absorber, the radius and thickness depth must be inserted in 
statement numbers 70, 71, and 72. For a rectangular absorber, the 
thickness, depth, and length must be inserted in statement numbers 71, 
72, and 73. For absorbers of other geometry, the area must be computed 
by hand as input in statement 74. Those statements not applicable must 
be left as O.O. In addition, the cask weight in pounds must be input in 
statement 80, the drop height in inches in statement 81, and the mate
rial in statement 88. The material input is SST for 300 annealed series 
stainless steel and STL for mild steel. If a finer or coarser mesh is 
desired, the value of DE in statement 60 may be decreased or increased. 
The 1000 format should be altered to identify the cask. 
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« * F T » , L . B , E , G , » . 
C PBOGBM 10IB C1SK 
C THIS PROGBkB COHPOTES THE RESt'OBSE OP k RIGID CkSK EQUIPPED BITR kB EBEBtiT, 
1 ABSOBBEB BBICB DC.OSSS IB POtte CCri?EZSSIO« CO0E0 BT JOHB ETftBS PE ,01*. RI0GE 
J RlTIORkl LftBORkTaRT, JOBS 197« 
C GLOSS*!I OP BOTkTIOB 
C 
C EB=kROOBT STRklB I S IBCBEBEBTED-IB./IB. 
C S*STBESS PSI 
C DEF»»BSORBER DEPDRflkTXOR I B . 
C DO=DIFPEREBTIkL EBEBGT I B . L B . 
C FOROPORCE LB. 
C EBEB-EMEBGT DISSIPATED IB DEPOBRIBG THE ABSORBER I B . L B . 
C kCOkCCELERkTIOB X G 
C STL=STBEL RILD OB LOB CkRBOR 
C 5ST*ST»IBLESS STE2L 3 0 0 SERIES 
C kLOB-kLOHIBOB TTPE 6 0 6 1 - T 6 
C DE=ST8»IB I B . / I B . 
C DS*STR»IB T 5 . / I B . 
C kflkTL»»BSOBBEH BkTEBIkL 
C WT*CkSK WEIGHT LB. 
C R»D»kBSCRBEB RADIOS I B . 
C TRK=kB50RBEI THICKBBSS I B . 
C TLER-ABSORBER LEBGTB I B . 
C DEPH>lBSOBBEB DEPTH I B . 
C AREA~ABSOBBEB AREA S Q . I B . 
C DL~CBABGE IB IBSORBEH LEBGTB IB. 
C A , B , C , D , E , E , G , B , 0 , P , Q , R * C O B S T i R T S IB THE STRESS EQOATIOB 
C BT-DROP BEIGBT IB. 

0T=CLSKS TOTAL POTENTIAL EBEBGT I B . L B . 
C 

DIHEBSI3B DE ( 2 0 0 ) , S ( 2 0 0 ) , D E F ( 2 0 0 ) , 0 0 ( 2 0 0 ) ,FOBC(200) ,EWER(200) , 
2 ACC(200) 

1001 FORBAT (1H0) 
1002 POBHAT(1H , H,I|9H************************************************* 

1 55u»**#«#*»»»»*«•••.*»*•%**•••**»*»****»***»•**••**•*»•••**, 
2 i ftf]*** * • * * * • * * * • * ) 

1003 PORBAT(1B ,23X,2»HEBEBGT ABSOBBEB GEOBETRT) 
100a PORHAT(1H ,12X,6HRADI0S,3X,9HTRICKBESS,3X,5HDEPTfl,«X,6HLERGTB,5X, 

1 tflAREA) 
1005 FORHAT(1R , P 1 8 . 3 , 4 P 1 0 . 3 ) 
1006 POSBAT ( I B ,16X,33HakSC GEOBETRI ABD TEST COBOITIOBS) 
1007 PORBATpH , 12X,11RCASK BEIGHT,3X, 11BDROP HEIGHT,3X,9HPOTEKTIkL, 

1 X, 6HEREBGT) 
1008 POBHAT(1fl ,F2 1 .1 ,F1« . 1 ,F17.1) 
1009 PORHAT (IB , 1X,12HACC3LBRATIOR,2X,11HDEPORflATIO»,6X 5HF0RCB,6X, 

1 6HSTRESS, 6X,6HSTRAIH,8X,6HERERGT) 
1C10 PORHAT (IB , 5X,3HX G,1 OX,6HIBCHES, 9 X , t t H L B S . , 7 X , 4 H P S I . , 9X, 

1 5HIB/IR,9X,5HLB-IS) 
1011 PORBAT ( IB , P 1 0 . 1 , F 1 3 . 3 , F 1 6 . 1 , F 1 2 . 1 , F 1 1 . 3 , F 1 2 . 1 ) 

DO 7 , I « 1 , 2 0 0 
D E ( I ) « 0 . 0 
S ( I ) * O . 0 
n E F ( I ) * 0 . 0 
D«J x ' I)*0.C 
PORC(I )«0 .0 
E B * R ( T ) « 0 . 0 
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7 ftCC(I)-0.0 

STL-2.O 
8I.BR-3.0 

60 BE-.005 
DS-0.0 

C IBPBT 8BSOBBBB BITEBUL 
88 8B8TL-ST1 

C IBPOT B8BI0S 
70 B8D-0.0 

C IBPOT 8BSOBBEB LEBCTB 
73 T1BB«5*.5 

C IBPUT CISr BBX6BT 
80 BT-16000. 

C IBPOT TBICXBESS 
71 TBX-1.0 

C IVP8T 8BSOBBEB OBPTS 
72 DEP8-6.0 

C IBPOT IBSOBBEB 8888 
7* 8BB1-0.0 

C I BUTT CIS* IDEBTIPICITIOB 
IOOO foan»T(iB ,8 i , ' o . a. B. L. IBPILB CIPSOLE SBXPPIK CBSK*) 

C IBCBBRBBT DBTOBBBTIOB 
DL«BE*DEPB 
PRI-3. 1M59265 
IP (BID .GT. 0 . ) &BE8-2.•BftD*PBI*TBK 
IF(TLBS .GT. 0.) 1BEA-TLEB-TBK 

C IBPOT DBOP HEICBT 
IP(kBITL.BE.2.0) GO TO 6 

BIXO STEEL COEPPICIEBTS 
8—4.363 3772* 8*02 
B* 3. 5267*0128*06 
C—5.8*3 M912 B*07 
D-8.M7520808*08 
E—1. 007908388*10 
F*8.322*126BE*10 
G—*,*2B7586*B*11 
B-1.50685*8*8*12 
0—3.255353928*12 
P̂  .3175*2728*12 
Q—3. 20* 8788* E* 12 
8-1.019106588*12 
88*0.5 
88-3*5000. 
8C-7300O. 

6 COBTIBOB 
IPUB8TL.BB.1.0) GO TO 5 

C STUBLESS STEEL COEPICIEITS 
8—6.600*682*E*02 
8-3.2788*0208*06 
O-1.7*3600768*08 
D-5.782800728*09 
8—9.291160968*10 
P-8.865090*88*11 
«—*.79173280E*12 
8-1.757601*68*13 
0 — * . 201155528*13 

* 
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P*6.33S7-9656E*13 
Q«-5.»M32768E*13 
l«2.079015«OE*13 
41 -0 .35 
18-6*2000. 
1C*50300. 

S COBTIIOE 
IP(1H1TI.>E.3.0) GO TO 12 
1—2.37529992E*02 
8-8.772222168*05 
C—2.10395908E*07 
D-7. 925269768*08 
E—1.19710816E*10 
F-9.285227288*10 
C—«.2«976«96E»11 
B>1.2191969*8*12 
O—2. 22* 03*2* B» 12 
P«2.51118«60E»12 
Q—1.603320628*12 
S-«.«328688*8*11 
11-0 .5 
1B-209S00. 
1C-27900. 

12 COBTII0E 
HT1**8. 
IP(«T.CE.10000.) BT1-36.0 
IP (IT. SB. 20000.) RT1-2H.0 
IP (ST. GE. 30000.) BT1-12.0 
HTB-360. 
00 20 » « l , 2 
HT-BT1 
IP(f .EQ. 2) BT-HTB 
0T->T*HT 
SOBO-0.0 
DS»0. 
DO 1 1*1,200 
DE(I)»DS 
DEP(I)«DE(I>«DEP8 
IP(PS.GT.1M GO TO 21 

C STRESS EQ01TIOS 
S(H-»*(B*0S) *{C*DS*DS| *{D«(DS*»3.))* (E* (DS*** . ) ) * (E* (DS**5.J) • 

1 (C* (DS**6.) ) • (B* <DS»*7 .)) • (0* (DS**8.) ) • (P* (DS*»9.) » • 
2 (Q»(OS**10.))*(R*(DS*» ,1.>) 

21 COBTIBOE 
IP(DS.LE.AI) GO TO 22 
ST8S»(IB*DS1*»C 

22 COBTIHOB 
C COBPOTE FORCE 

P0IC(I)-S(I)*1RE1 
C COHPOTE 1CCELER1TIOII 

1CC(I)-P0BC(I)/«T 
C COHPOTE ERERGT 

DC(I)«F01C(I)»OL 
SOR0*SOB0*DO(I) 
EftER(I)«S0BO 
DS«DS*EE 
IP(BBEt(I).GE.OT) GOTO 2 
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1 COKIBBB 
2 CORIBSB 

J - I 
BBITB (6 ,M02) 
fBITB (6,1002) 
BBITB (6,1001) 
BBITB (6,1000) 
BBITB (6,1001) 
BBITE (6,10J2) 
BBITB (6,1002) 
BBITB (6 ,1001) 
BBITE (6 ,1003) 
BBITB (6,1001) 
BBITB (6,100ft) 
BBITB (6,1001) 
BBITE(6,1005) ,BBD,TBB,»BPfl,TLBB,lBE& 
BBITB (6,1001) 
BBITE (6,1002) 
BBITB (6 ,1001) 
BBITB (6,1006) 
BBITE (6,1001) 
BBITB (6 ,1007) 
BBITB (6,1001) 
BBITB (6,1000)BT,BT,0T 
BBITE (6,1001) 
BBITE (6 ,1002) 
BBITE (6,1002) 
BBITB (C,1001) 
BBITE (6,1009) 
BBITE (6,1001) 
BUTE (6,1010) 
BBITB (6,1001) 
00 10 I«1,200 
BBITE(6, 1011) ,»CC{I),DEF(I) ,PORC(I) ,S (I) ,DE (I) ,EBSB (I) 
!?(I .GE.J) CO TO 11 

10 COBTIBOE 
11 COBTIBOB 

BBITB (6,1001) 
BBITB (6,1001) 
BBITE (6,1002) 
BBITS (6,1002) 
BBITE (6,1002) 
BBITE (6,1002) 
•BITE (6,1002) 
BBITE (6,1002) 
BBITB (6,1001) 
BBITE (6,1001) 
C»Lt 0*IK»LrDer, lCC„l , 'U«E18' , 'J .H.Er*»S*M 
CU.L QBXBPL(DET,EBEB.J, 'LIBEftB* , • J.H. EUBSS*) 
CftLL QBIKPL(ftCC,EBEB.J,'LIBE1B',• J .B . EUBSS') 

20 COBTIBOE 
STOP 
BBD 
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Program 1016 CASK 
Derivation of Equations 

When a cask equioped with stiffening rings as shown in Fig. C.6 
impacts an unyielding surface, some fraction of the cask's kinetic 
energy will be dissipated by deforming the rings. For any arbitrary 
time during the deformation, material will have been displaced from the 
portion of the ring below the line representing the impact surface in 
Fig. C.6. For the cases where the ration (R - R.)/t, is small, the 

o i r 
ring will fail in pure compression. A t?rical element at the angular 
location 6 dx wide and t deep will be deformed an amount T. The force 
F on the element at any point in the deformation is 

F' = o dA , 

where 
dA = differential area. 

By trigonometry, 

X * R sin 6 , o 

6 = sin"1 (X/R ) , o 

L. = R cos 6 - R. cos a , A o i 

Y =• R (cos 6 - cos $) , 

dA - (R 9 cos 6) C. , 
O L 

where 

The strain in any element is 

e - Y/LA . 
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Fig. C.6. Cask model. 
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mere e x i s t s an expression 

a * f (e ) - A + Aie + A 2 e 2 + . . . + A e11 . o n 

From the above trigonometric relations the strain can be determined at 
any given location for a particular deformation described by $. The 
force can then be calculated from 

8=4> 
F ' = f (e ) dA = CTR d8 T cos 6(A + Aie, + A 2e£ + . . . + A e°) . L o „*• o * 8 8 n c 

0 = 0 

The total force F is 

e=<j> 
F = T F' = 2C TR d8 y cos 9(A + Aje. + A 2e? + ... + A E") , ** L o - 4 - o ' 8 * 8 n 8 8=0 

with d9 constant. The energy, U', absorbed by an element is 

U' = / F' dy » / a dA L de 

f A 1 E2 A 2 £ 3 A n e e n + A 
- C LR o d9 cos 8 L a\A oe 9 + — + -3- + -^-) . 

These expressions are utilized with the computer to effect a trial 
and error solution of the impact. A value is assigned to $, and energy 
absorbed is computed. In this computation, 8 is incremented a constant 
amount d8 until 6 * $. The total calculated absorbed energy is compared 
with the cask's potential energy. The value of $ is increased until the 
calculated energy equals the cask's potential energy. Force is calcu
lated by a similar summing operation. Acceleration, maximum deformation, 
etc., are calculated using basic engineering mechanics principles. 
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* * P T I , L , H . E , G , A. 
C PROCBAI 1016 CASK 
C THIS PROGRAH COHPHTBS TIE IBSPOISE OP A BIGID CASK EQ6IPPED IITH A* EBERGT, 
C/^SORBBI I I I C I DBPOtIS I I POIE COflPRESSIOff. TffE BHBtGT ABSORBER I S 

.i TIB POBR OT CIRCULAR P U S O l S I E U STIPFBIIIG RIIGS, IAVZIG A LEIGTB 
>. TO TIICKIESS IATIO Sf PPICIBIT TO PICT BIT MCRXIIG. TIB AXIS OP THE CASK I S 
C HORIZOHAL. CODED BI J O N BVAIS, P . E . OAK tIDGE IATIOIAL LABROTOBT 
C IOTBHBSH 197* 
C 
C GLOSSARY OP IOTATIOI 
C 
C EE*ARO0BT STIAII I S I I C B B R E I T E D - I B . / I I . 
C DE?=ABSpiBEB DEPORBATXOI I I . 
C DO-DIPPEREITIAL BIEIGT I I . L B . 
C POBCBsPOBCB LB. 
C NER~EIEBGY DISSIPATED I I DEPORHIIG THE ABSOBBEB I I . L B . 
C ACC-ACCELEBATIOI X G 
C STL-STEEL HILD OB LOW CAIBOI 
C SST*STAIILESS STEEL 3 0 0 SEBIES 
C ALOH-ALBRIIOn TTPE 6 0 6 1 - T 6 
Z KA*0PPEI STIAII LIBIT POB THE IOILIIEAB STRESS-STRAII 
Z BQOATIOI I I . / I I . 
Z XaHORIZOITAL DI ST A ICE PBOH POIIT OP PIBST I HP ACT TO POUT 
C OP CALCOLATIOI I I . 
Z ALPHA*AIGLE DESCIIBED BT X AID RI 
r AL*LEKTH OP THE BXEHEITAL TOT.0HB I I . 
Z CL"TOTAL T H i r i l E S S OP THE ABSORBBBS I I . 
Z DE~STRAII I I . / I I . 
Z DS=STRAI« I I . / I I . 

AHATL'ABSORBEB fl&TEIIAL 
«T*CASK HEIGHT LB. 

Z A , 8 , C , D , E , B , G , H , 0 , P , g . , R * C O I S T A I T S I I THE STRESS EQOATIO* 
Z AB,AC*COHSTAITS I I THE STRAIGHT LIRE STRESS EQOATIOI 
: HT=DBOP HEIGHT I I . 
: <JT«CASKS TOTAL P0T2RTIAL EIERGT I I . L B . 
Z AIGL*A*GLE AT POIIT OP CALCOLATIOI 0 1 THE ABSORBER 
Z RO*OOTSIDE RADIOS OP THE ABSORBER I I . 
Z R I * I I S I D B RADIOS OP THE ABSORBER I I . 
~ CL»OTERALL CASK LEIGTH IICLODIK THE ABSORBER I I . 
Z DA*AHO0BT AKL (AIGLE) IS IICREHSITED 
; THETA*AIGLE AT POIIT OP CALCOLATIOI, HEASORED PRCfl 
: RADIOS THROOGH POIIT OP PIIST IHPACT 
: STRS*STRESS PSI 
: SSI-IITEGRAL OP THE STRESS EQOATIOI 

DAIEA-OIPPEREHTIAL AREA S Q : I I . 
O0=DIPPEREITIAL EHERGT I I . L B . 

: DPOR-DIPPERERTIAL PORCE LB. 

DIHEISIOI DEP(SOO) ,POBCE(S00) ,ACC(500) ,EIER(500) ,AIGL(500) 
1001 PORHAT (1H0) 
1002 PORHAT(1H ,1X , • • • • • • * « * * • * * • * • * * • * * • • • • • * • • * • * * * * * * « * • • * • • • • * • • * * 

1003 PORHAT(1H ,23I ,2*HEIERGT ABSORBER GEOHETRT) 
1 '• PORHAT (1H, m , U H O 0 T S I D E RADIOS, 6 1 , 13HIISIDE RADIOS,61, 

1 14HABSORBEB DEPTH) 
1005 PORHAT(3P20.3) 
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1006 PORHAT (1H ,16X,33RCASK GEORETRT U D TEST COBDITIOSS) 
1007 PORHAT(1B , 12X.11HCASK HEIGHT,3X,11HDROP HEIGHT,3X,9HPOTEHTIAL, 

1 X, 6HEHERGT) 
18 PORHIT (1H ,P21.1 ,PM. 1,P17.1) 
J9 PORHAT (1H , 1X,12HACCELERATIOB,2X,11HDEPORHATIOH,6X,5HPORCE,6I, 

1 5HASGLE,8X,6HEHEBGT) 
1010 PORHAT (1H , 5X,38X G,10X,6HIHCBES, 9X,»HL8S. ,7l,7HDEGREES, 

1 9X,5HI>B-IB) 
1011 PORHAT (1H ,r i0.1,P13.3,P16.1,P12.1,P12.1) 

SST*1.0 
STL-2.0 
ALOH=3.0 

60 EE».005 
DS*0.0 
DO 56 I*1,500 
D E P ( I ) * 0 . 0 
PORCE(H « 0 . 0 
A C C ( I ) * 0 . 0 
E R E R ( I ) * 0 . 0 

56 ABGL(I )*0 .0 

Z IBPOT ABSORBER I I D CASK GBOHETtT 
Z IBPOT OOTSIDE RADIOS OP THE ABSORBER 

HO«15. 
: IBPOT IWSIOE RADIOS OP THE ABSORBER 

R I « 1 2 -
: IBPOT TOTAL LEBGTH OT THE ABSORBER 

CL*3. 
: TBPOT CASK HEIGHT 

BT*16000 . 
IBPOT ABSORBER HATERIAL 

AH»Tl=STL 
: IRPOT CASK BARE 

1000 PORRAT(1R , 8 X , ' 0 . R. B. L. IB-PILE SHIPPING CASK*) 

: ABGLE IRCREREBT 
DA*.01 

: IBPOT DROP HEIGHT 
HTA*«8. 
IP(WT.GE. 1 0 0 0 0 . ) HTA-36.0 
IPfBT.GE. 2 0 0 0 0 . ) HTA*2» . 0 
I P ( B T . G E . 3 0 0 0 0 . ) HTM12.0 
HTB'360. 

HILD STEEL COEPICIEBTS 
IP(AHATL.BE.2.0) GO TO 6 
A=-tt .363 3772«E»02 
B - 3 . 5 2 6 7 « 0 1 2 B » 0 6 
C»-5.8«3««912E*07 
D=8.a»752080B»08 
E*-1.00790838E»10 
P*8. 322»126M*10 
G *-».<• 287586* E* 11 
H-1.50685«8«E*12 
0 — 3 . 255 3 5 3 9 2 1 * 12 
P « » . 3 « 7 5 » 2 7 2 B * 1 2 
Q*-3.20«8788«E*12 
R»1.01910658B*12 
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H - 0 . 5 
18*3*5000. 
1C-73000. 

6 CORIRBB 
IP(AMTL.IB.I.O) GO TO 5 

STtllLBSS STEEL COBFICIBITS 
1~6.600*682*8*02 
8*3.2788*0208*06 
0 - 1 . 7 * 3 6 0 0 7 6 8 * 0 8 
0*5.782800728*09 
B*-9.291160968*10 
P*8.«65090*8B*11 
C - * . 791732808*12 
8*1.757601*68*13 
0*-«.201155528*13 
9*6.335796568*13 
Q*-5.•8*327688+13 
R*2.079015*08*13 
11*0.35 
18*6*2000. 
1 O 5 0 3 0 0 . 

5 C0RTXB0E 
IP(1B1TL.IE.3.0) GO TO 12 
1*-2.37529992B*02 
B*8.77222216E*05 
C*-2.103959088*07 
D>7.925269768*08 
E*-1.197108168*10 
P*9.28522728B*10 
G*-*.2*976*96B*11 
H*1.2191969*8*12 
0—2.22* 03* 2* E* 12 
P*2.51118*608*12 
Q»-1.603320628*12 
R*«.«328688*E*11 
11*0.5 
1B*209100. 
1O27900 . 

12 C0-TIR0E 
DO 20 1*1,2 
HT-HTl 
IP(» .BQ. 2) HT*BTB 
0T*8T*HT 
SOBO-0.0 
DS*0. 
DO 50 1*1,500 
X?(I.8Q. 1) GO TO 50 
PHI=D»*PLO»T(I)*. 1 
DBP(I)»RO*(1.-COS(PHI)» 
l»Gl<I1*PHI*S7. 3 
S0HP*0.0 
S0-0-0.0 
DO * 1 JJ-1,500 
THBT1*M«PL01T(JJ) 
IP(TflBTl.GB.PHX) GO TO 5* 
01RB1-R0«D1«C0S (THBT1) *CL 
X*IO*SIff (THETM 
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1 L P H 1 C I R 3 I H ( X / ? I ) 
Al=(BO*COS(THET») )-(RI»COS(HLPHM) 
I=BO* (COS (TBET1) -COS (PHI) ) 
I P ( T . L B . 0 . 0 ) GO TO 53 
DS=T/»L 

STRESS EQOITIOR 
IP(DS.GT.Jki) GO TO 21 
STHS-»*(B*DS) *(C*DS*DS) • ( D * ( D S « « 3 . ) ) • (E* (DS**» . ) ) • (F* (DS**5. ) ) • 

1 (G« (DS**6 . ) ) • (H* (DS**7 . ) ) • ( 0 * ( D S * * 8 . ) ) • (P* (DS»«9. ) J • 
2 (Q*(DS**10. i ) * ( R * ( D S * * 1 1 . ) ) 

S S I = » * D S » ( ( B * D S « D S ) / 2 . ) • { { C * { B S * * 3 . ) ) / 3 . ) • ( ( 0 * ( D S * * » . > ) / » . ) • 
1 ( ( E * ( D S * * 5 . ) ) / 5 . ) • ( ( ? * ( D S * * 6 . ) ) / 6 . ) • ( ( G * ( D S * » 7 . ) ) / 7 . ) • 
2 { ( B * ( D S * * 3 . ) ) / 8 . J * ( ( O * ( D S * * 9 . ) ) / 9 . ) * { ( P » ( D S * * 1 0 . ) ) / 1 O . ) * 
3 ( ( Q * ( D S » * H . ) ) / 1 1 . ) * ( ( B * ( D S * * 1 2 . ) ) / 1 2 . ) 

21 COBTIBBE 
IF(DS.LE.ftft) GO TO 22 
STBS«(»B«DS) + JIC 
S S I * ( (»B«DS*D S) n . 0 ) • (IC*DS) 

2.'. COBTIBOE 
0»Oa»STRS*DlRE» 
DU=SSI*D»P.E»*»L 
sonF*scHP»oroH 
s o « o » s ( n o * o u 

S3 COBTIBOE 
S2 COBTIBOE 
51 COBTIBOE 
5a COBTIBOE 

F0RCE(I)*S0HF*2. 
»CC(I)*FORCE(I)/WT 
EBEB(I)=SO!10*2. 
ir(DEP(I).GE. 1L) GO TO 55 
IF(EBER(I) .CE.OT) GO TO 55 

50 COBTIBUE 
55 COBTIBOE 

J=I 
BRITE (6,1002) 
WRITE (6,1002) 
BRITE (6,1001) 
BRITE (6,1000) 
BRITE (6,1001) 
BRITE (6,1002) 
BRITE (6,1002) 
BRITE (6,1001) 
BRITE (6,100 3) 
WHITE (6,1001) 
BRITE (6,100d) 
BRITE (6,1001) 
BRITE(6, 1005) RO,RI,(U. 
BRITE (6,1001) 
BRITE (6,1002) 
BRITE (6,1001) 
BRITE (6,1006) 
BRITE (6,1001) 
BRITE (6,1007) 
BRITE (6,1001) 
WRITE (6,1008)BT,HT,OT 
WRITE (6,1001) 
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•BITE (6 ,1002) 
•BITB (6 ,1002) 
•BITB (6 ,1001) 
•BITB (6,1009) 
•BITB (6 .1001) 
•BITB (6 ,4010) 
•BITB (6 ,1001) 
00 10 1-1,200 
•BITE (6, 1011) , lCC(», t f«F(I) .POBCE(I) , lB6t(I ) ,EBEB(I) 
IP(I.GB.J) 60 TO 11 

10 COBTIIOB 
11 COBTZBOB 

•BITB (6 ,1001) 
•BITB (6 ,1001) 
•BITB (6,1002) 
•IITB (6,1002) 
•BITB (6 ,1002) 
•BITE (6 ,1002) 
•BITB (6,1002) 
•BITB (6,1002) 
•BITE (6 ,1001) 
• BITE (6 ,1001) 
CALL QBIKPL(DBP,KCC,J, (LIREaR , , ,J.H.Efl>St () 
C i t t Q>IRPt(DEP,EBBB,J, •tlBSAB* , • J.H. EUBSS*) 
C U t QBIXPt(lCC,EIEB,J, •tIHEIB< , • J.H. ET1RSS<) 

20 corn BOB 
100 COBTIfOE 

STOP 
EBD 
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2R CONTAINER TESTING REPORT 
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2R Container Testing 

Belot? is an excerpt from the SAKP for ORNL shipping cask D-38 by 
L. B. Shappert and B. 3. Klima, outlining tests performed on the 2R con
tainer used in D-38. The figure numbers have been changed to be com
patible with this report. Two D-38 2R inner containers were tested to 
establish the adequacy of this tyge of container as the primary con
tainment vessel for radioactive materials. Specification 2R containers 
are described in Sect. 1.7. The containers and their drop sleeves are 
shown in Fig. D.l. The container was dropped inside the sleeve to 
simulate the condition of the container inside the cask. These drop 
sleeves consisted of a length of sched-40 stainless steel pipe with a 
0.280-in.-thick plate welded over one end. 

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

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

The containers were tested after the drop and were leak-tight at 
25 psig. The inner container met the requirements of the drop test. 



i 

BLANK PAGE 



Photo 3074-74 

Fig. D . l . Model before t e s t i n g . 
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Fig. D.2. Model after first test, 
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Photo 3073-74 

Fig. D.3. Model after secoru.' test. 



•£«**** 
Fig. D.4. Model after second test, 



Appendix E 

NUCLEAR SAFETY REVIEW FORMS 



is;. 

REQUEST FOR NUCLEAR SAFETY REVIEW 
Thi s reques t covers o p e r a t i o n s * ; : : ! f i s s i ' e ma:er:ai in a conTroI a rea .*nd or f i s s i l e mater ia l 
t r a r s f e r s that or ig inate within the con:rol art** T h e control a r - a «--.,x.*rv:sor sh-ili c w i p l e t e 
the b locks below a.id d e s c r i b e t he p rocess ^na or ope ra : ions 'o be performed, e m p h a s i z i n g 
the p rov i s ions for nuc lea r crjijc«*ii*v la tcfy or. the tevrrne side oi th is P ^ R C . T h i s request 
sha l l b - approved by the R^diaUon Contro* Officers ot the or:giriat:ng Div i s ion .*nd the 
D i v i s i o n s ) to which f i s s t i e ma te r i a l wili b e transferred. 

HSR 342 

Revision 1 

July, 19?? 

TITLE. CONTROL AREA. AND SUMMARY OF BASIC CONTROL PARAMETERS 
' T o M tomplmtmd by rh« Control Area S.*p«rv<sor) 

T , T L I *a» * i r t * r* :c ».'»*o**v 
In-Pi le Capsule Shipping Cask 

Hot_ Cell Operation* ROOM 2i 

6-10-74 'July 1,197 

Operations 

, T V P C ^'T rOR¥ QF MATERIAL L, -- , , , _ , , , 2 3 3 . * 23S« - » „ x 1 ., 
_ ^ -. - , Nonfueled and fueled ( * J J U , X"TJ, Th, Pu) expenmenta; s o l i d s o-. 

c *. -u^. Normal to fu l ly enriched. 
' ? E « ' i S O L * T £ 0 8 * ' > 0 » U " l i T "~ - - - - - - — - — - - -

QUANTITY 1 2 5 0 g 
Of •TQ-A-„" :H OOUnWPUBXX C l » k . " " ~ — • — 

F-SSILE -̂250 g. Also, if t o t a l i s > 800 g, l inear densi ty not to exceed 250g/ f t . 
tS0TQP£S 7 O - A L r o 8£ P » O esseo 

CcncenfMT.oo *» D^r.Sity 
ef F i s s ' * VUrcrui 

StMCi-g Of F[SSiie Units 

PrOnr.!, *nd TyM Of Neutron ReMectcrs 
or Aij.tien: Fissiie Mi 'c i . i ; 

Li-^rl on UcCt'iXiOr 

Lt—.it o* Ntuvoc, Arssooe** 

10 in . of* le.id shielding around cav i ty . 

* Contains Cavity dimensions 4 i i n . diaot _by 53 in. long. 
* - ' S O E Q j r ^ - MOOiFi fS. » £ » . * ' ' « NSfJj NO • * 
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RECOMMENDATIONS 

Thi% cn^or^frr'"nr is b . i s rd m "u r p r r v n : und'T^lan.i in^ ai :h" Dpcr^finn «.-Ah'*TI-*.r .*t.[(Uircrt \ ' : :b.«. I v or ir. '*n!in£') and is 
SLibjrr; To n vin-A- .tr.ri -«ru r ; ! . . ' j . .n . 

The Committee recommends approval of this c*sk undei ..he condition that if the 
mass loading exceeds 8C0 grams that the material will be so arranged that 

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

R.G.Affel for ̂ •c.^r^l f>innu 



182 

PROVISIONS FOR NUCLEAR C R I T I C A U T Y SAFETY 
(T» b« c«»al«f 4 by tha C^rro* A y S««y»i«—) 

Provisions for n-jciear c r i t i c a l l y safety shal l be- described below in accordance wi th Appendices II and I I I of the A F C 
Manual Chapter OV.O Th is sha l l include brief descript ions of the process and or a l l operations to be performed, plans and 
procedures for the operations for nuclear cr i t tca l i ty safety, and the basic control parameters. P leate attach I I copies of 
referenced drawings and documents. 

We request approval of this cask aa a genera1-purpose-use cask for fissile Class I 
shipment of used reactor fuel elements and irradiated experiments (fueled and nonfueled). 
For example, for shipment of such items from other sites (such as EBR-II in Idaho) to 
the OWJL hot cells for metallurgical examination; and, after examination, for shipment 
of the same items to Savannah River or Idaho for fuel recovery. Fueled experiments 
have contained coated particle fuels of 0", Pu, Th; clad oxide rods of C, Pu, Th; 
molten salt (HSBE) fuels. 

This carrier may be loaded and unloaded under water. 
The loading of the cask will not exceed 1250 g oi fissile material (combinations 

or 233TJ^ 235o, and plutonium) 
In addition, if the loading exceeds 800 g, the material will be so arranged that 

the fissile loading will not exceed 250g/per linear ft under normal and hypothetical 
accident conditions. 

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

requirements of AECM-0529 for offsite shipments. 

ORNL 
CRIT1CALITY COMMITTEE 

NSR 342 
Revision 1 

July, 197/ 

« - O I * T I 6 N CONTROL o r r i c c o 

!0lVlS'ON CON T POL « » f * SUPFWV'S^P 

* * 0 i * T I O N C O N T T O ! . i n i i E i 
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INTRA-LABORATORY CORRESPONDENCE 

OAK RIDGE NATIONAL LABORATORY 

A p r i l 18 , 1975 

To: R. G. Affel 

From: J. W. Wachter . 

Subject: Nuclear Safety of In-Pile Shipping Cask (TISR 3**2) 

The Director's Review Committee on Transportation has noted in its review of 
the In-Pile OjpTule cask that the nuclear safety 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 or. this review to prcp?.re the following explanation for inclusion 
in your files as back-up for the 3ARP. 

The restriction to 250 grams of fissile isotope per foot vas arrived at by 
utilizing the relationship between fissile material solution density and 
the diameter of the safe infinitely long ".:ater-reflected cylinder. In the 
attached figure, the safe cylir.dor diameters of TID-7016 (Figures 3, 7> and 
11) have been used to calculate the mass of fissile isotope in each centineter 
length of the cylinder as a function of solution concentration. This "safe" 
linear density passes through a minimum for each isotope, and the lov.'er 
bound of these is established by the Pa-2^9 isotope as 8.1 g/cm, or 0.25 
kg/ft. 

( v > n , tr*-
M^V>.\ Wachter 
Engineering Coo^dinr-tior. and 
Analysis Section 

Chemical Technology Division 

JTrW:sd 

Attachment 

cc: J. H. Cvans 
E. M. King 
J. P. Ifj.c'nolr; 
JVW File 
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INTRA-LABORATORY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

June 10, 1974 

To: Critioality Committee 
Subject: NSR 342, In-Pile Capsule Shipping Cask 

This is a resubmission of NSR 342. The usage of this cask has 
not changed. However, some wording was changed in relation to two 
items: 

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

2. Dnscription of the loading (1,250 g total) was changed so 
thct the 250g/linear ft applies only when the total exceeds 
800 g fissile isotopes (233u, 235u, Pu). 

LMK: jr 

cc: J. A. Cox 

E. M. King / 



Appendix F 

OPERATING PROCEDURES AND CHECKLISTS 

» 
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3026D Memo No. 17 
3S2S Memo No. 20 

INTRA LABORATORY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

August li, 1971 

To: 3026D and 3525 Cell Memo b-oks 

Subject: Casks Used for Off-site Shipment of Radioactive Materials 

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

1. Loop Transport Cask Inspection Sheet 
2. Loop Transport Cask Annual Inspection Sheet 
3. Loop Transport Cask Underwater Loading Procedure 
4. Loop Transport Cask Horizontal Loading Piocedure 
5. In-Pile Capsule Shipping Cask Inspection Sheet 
6. In-Pile Capsule Shipping Cask Annual Inspection Sheet 
7. In-Pile Capsule Shipping Cask Underwater Loading Procedure 
8. In-Pile Capsule Shipping Cask Horizontal Loading Frocedure 

Operating Supervisor 

Dtp^rtraent Superintendent 

/mvision Superintendent 
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IM-PIU CAPSULE SH1PPINC CASK 
Inspection Sheet Cask Mo. 

Dave ______________ 

Prior ta each shipment, the following items shall ix. checked to ensure that 
all parts are in good condition, firstly attached, and cask is roperly sealed. 

Indicate Satisfactory with (•) 
BEFOKE LOADING 

1. Lower Cover End 
a. Scaling-surface on cask and lower cover (item 24) in good 

condition (visual check) 
b. Gasket (item 25) In good condition 
c. Fir* shield in good condition 
d. Tamper seal holes in at teat two cap screws of fiic shield 

2. Gate Section (item 9) 
a. Sealing surface on cask and gate (ilea 9) in good condition 
b. Gasket (item 5) in good condition 

3. Upper Cover End 
a. Sealing surface on cask and plug (itea 19) in good condition 
b. Gasket (icea 22) in good condition 
c. Fire shield in good condition 
i. Taaper seal holes in at least two cap screws of fire shield 
s. Rav plug gasket (itea 26) in good* condition 

I rati LOADING 
4. Gate (itea 9) firaly seated and screws tight 
5. Lover cover (itea 24) seated and cap screws tight _____ 
6. Uppet cover (itea 19) seated and screws tight 
7. Plug raa (Itea 1.8) In DO* it Ion and holding belt (itea 21) tight 
8. Pressure test: with 3 to 5 psi air on cavity of cask, stap bubble 

check all gasketed flanges xor leaks: 
a. No leaks at lower coVer (Itea 24) 
b. No leaks at gate (itaa 9) 
c. No leaks at upper cover (itea 19 and 21) 
d. Pressure bled off and pipe plug and pipe cap of pressure 

test connection (item A) in place and tightened. 
9. Upper and lower cover fire shields bolted securely in place 

(12 cap screws in each end) 
10. Carrier bolted securely to skid 
11. Carrier has properly authorized radiation tae, showing carrier 

aeets shipping toleiance 
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IN-PILE CAPSULE SHIPPING CASK 
Annual Inspection Sheet 

Cask No. 
Date: 

The following annual inspection shal l be performed co ensure Che cask meets 
and maintains Che requirements as specified by che DOT approval. Annual in
spection i s to be performed by Hoc Cell Operations and Inspection Engineering 
personnel. 

1. Prepare carrier.for inspection. Carrier should be checked by Health Physics 
so components handled are at acceptable radiation and contamination l imi t s . 

Condition 
Goon >Jad 

2 . Lower Cover End 
a. Cap screws (item 3) and cap-screw holes ____ 
b. Gasket (item 25) 
c. Casket sealing surface on carrier _____ 
d. Lower cover (item 24) sealing surface 
e. Gate lock plug (item IS) slides freely into 

position into cavity _____ 
f. Lower cover (item 24) slides freely into position 

and seats firmly against carrier 
g. Lower cover fire shield, cap screws, and cap screw 

holes 
3. Gate section (item 9) 

a. Gasket (item 5) 
b. Cap screws (item 3) and cap screw holes 
c. Gate (item 9) lifts and closes freely 

4. Upper Cover End 
a. Gasket (item 22) 
b. Cap screws (item 2V) and cap screw holes 
c. Upper cover seating surface 
d. Gasket seating surface on carrier 
e. Upper cover slides freely and seats firmly in carrier 
f. Ram plug gasket (item 26) 
g. Ram plug bolt ,'itert 21) 
h. Ram plug (item IB) slides freely .through cavity 

of carrier _____ 
i . Lower cover f ire shield, cap screws, and cap screw 

holes 

5. Visually inspect all welds for cracks and othci damage _̂ ___ 
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Cond it ion 

Good Bad 

Reassemble components of carrie.-, when they aeet acceptable 
standards. Apply 3 to 5 p*i pressure test on cask cavity . 
Soap-bubble check for leaks at a l l gasketed areas. Kake 
any necessary repairs in a Banner to assure that carrier can 
be successfully leak tested consistently. 

All needed repairs and final inspection coapleted. Cask 
deemed to be i.i .good condition and c i r t i f i ed for use by 

Hoc Cell Operator Date 

(Inspection Engineering Dept.) Date 

(Hot Cell Operations Supv.; Date 
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OAK RIDGE KATlOKAL LABORATORY 

IS-PILE CAPSM.E SHIPPING CASK 

INSTRUCTIONS FOR UNDERWATER LOADING 

DOT Special Permit SP-5907 Assenbly Dug. So. M-11165-EL-0O5D 
Height: 16,000 lb- Cavity 4 1/4 in. Jiam x 58 in. long 

Nor rally, the cask is loaded in a pool vertically with the upper cover at Che top 
and lower cover and gate at the bottom. References are made to Schematic H-11165-EL-010A. 
("e normally leave the cask attached to Che skid for loading and unloading; however, i-' 
handling under your conditions is easier, the cask may be removed trom the skid.) 

1. Remove fire shield on each end of cask (12 screws on each end). 
2. Remove cap screws (item 3) from the lower cover (item 24). 
3. Pull lower cover out approximately 3/4 in. (It is limited by a mechanical stop). 
4. Rotate lower cover 90° counterclockwise. The arrow on the plug w'll be aligned 

with "Insert or Remove" arrow on cask. 
5. Pull cover (item 24) and gasket (ite-n 25) straight ouc. (This allows the cask to 

drain wh. ?» it is removed frcm the pjol.) 
6. Tilt the cask to the ver' ical position and move ic to the pool. 

7. Remove the cap screws (ite:n 29) that hold the upper cover (item 19) before 
lowering lhe cask inco tne pool. 

8. Lower the cask into the pool ind remove upper cover (item 19) and plug ram 
(item 18). Keep track of the gasket (iiem 22). 

9. Lift liner out by the bail; remove lid from liner. 
10. Load irradiated materiais into the liner. 
11. Replace lid on liner. 
12. Load liner with the trradiaced materials -nto Che cask. 

13. Replace the gaskee, plus; rani, and upper cover; raise the cask until the cap 
screws can be installed. 

14. Install the cap screws to hold upper cover in place. 
15. Raise the cask out of the pool and allow it to drain. 
16. Move the cask to the shipping area and tilt it to a horizontal position. 
17. Insert lower cover with arrow aliened with "Insert or Remove" mark on cask 

until "dog" on lower cover ravages in hole of Gate Lock PI114 (item 15). 
18. Rotate lov-r cover 90° clockwise (until arrow on plug is aliened with "Ship" 

position mark on cask.) 
19. Push lower cover in until it scats. Replace t.ip screws. 
20. Perform a Radiation Survey to determine the acceptability for shipping and 

decontaminate as needed. 
21. keplace fire shields on each end (12 screws on each end). 

1. Install tamper wires through holes in cap screws of fire shield on each end of 
the cask. 

ORNL Contact: 
E. M. King or A. A. Walls 
FTS 615-483-1672 
Coma Tel. 615-483-8611 

Ext. 3-1672 
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•E. M. King or A. A. Walls 
FTS 615-483-1672 OAK RIDGE"nATIOHAL LABORATORY 
C < " " lOl' " f : * ? 3 - 8 6 1 1 IK-PILE CAPSULE SHIPPINC CASK 

Ext. 3-lb72 
IMSTRUCTIOMS FOR HORIZONTAL LOADING 

lOT Special Permit SP-S907 Assembly Dug. Ho. M-11165-EL-005-D 
Weight 16,000 lb. Cavity 4 1/4 in. d i u by 58 in. long 

These instructions are for horizontal loading of the shielded cask ac facilities 
equipped, for horizontal port loading. The skid may be removed or left attached depending 
upon which is easier At /our facility. 

1. Remove fire shield on each end of cask (1? screws on each end). 
2. Remove the cap screws (item 3) from the lever cover (item 24). 
3. Pull lower cover (item 24) out approx. ?/4 in. (It is limited to a mechanical stop. 

This operation also pulls gate lock plug (item 15) from cavity of the cask.) 

4. Rotace low»r cover 90° counterclockwise. The arrow on plug will be aligned with 
"Insert, ir Remove" arrow on cask. 

5. Pall cover (item 24) straight out with gasket (item 25). 
6. Remove cap screws (item 3) from gate (itea 9). 
7. Make sure gate lock plug (itea 15) has not shifted toward cavity of cask; it was 

automatically retracted in Step 2 from cask cavity and should remain in that position 
wh»n lifting gate. Lift gate and gate lock plug (itea 15) until 5/8 in. diam through 
hoe Is visible- Insert 1/2 in. diam rod to hold gate open. 

8. Move cask into position at loading port. 
9. Open loading port into cell. 
10. If eapty liner is in the cask, remove bolt (item 21) and gasket (item 26) with holds 

upper cover to plug raa (itea 18). (If liner is attached to cask rather than inside 
cask, Steps 10 to 12, may be omitted, and the liner placed in the ceil in a separate 
operation.) 

11. Using special push rod, attach to plug raa and push empty liner iiito cell. 
12. Retract plug ram and replace gasket and cap screw (itea 21). 
H . Reaove lid from liner. 
!*• Load material to be Mpped into liner, and replace lid on liner. 
15. Remotely push liner t>>~>: cask; ensure liner clears gate. 
16. Reaove rod froa through-hole in gate, lower gate and gate lock plug into position 

tnd secure with cap ccrews. 
17. Close cell loading port and move cask away froa loading port. 
18. Insert lower cover and gasket into carrier with arrow aligned with "Insert or 

Reaove" aark on cask until "dog" on lower cover engages in hole of gate lock plug 
(itea 15). 

19. Rotate the lower cover 90° clockwise (until arrow on plug is aligned with "Ship" 
position on cask). 

20. Push lower cover in until flange seats and replace cap screws. 
1. Perform a radiation survey to determine the acceptability for shipping, 

decontaminate as needed. 
22. Replace fire shield on each end of cask (12 screws on each end). 
23. Install taaper wires through holes In cap screws of f're shield on each end of the casl-. 
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S/8 in. diam through-iole — 

24) COVER-LOWER 

CASK CROSS SECTION 
PLUGS REMOVED 

As*, 

CASK CROSS SECTION 
PLUGS INSTALLED 

jwg. so. > 111*5-1 -010-A 



196 

3026D 
3525 

No. 
Bo. 

21 
-Za_ 

INTRA LABORATORY CORRESPONDENCE 
OAK HOSE HATMMAL LAMMATOBT 

April 22. 1974 

*>: Rot Cell Htao Book 
Subject: Preperetioa of ladioactiv* Materials Packaging Inforaetion 

for Offsite Sbipaeate 

lafi 
rore "Oak t ide* •e t lone l tohirretory kadioectlve Heterlels Packaging 

i t ion" east be prepared for e l l off s i c e shipments containing greater 
a i l l i c a r i e alpha or three caries beta-geaae so l id , l iquid , or gas . 

The person requesting the shlpaeat eas t furnish end cert i fy the information 
requested aader Cenoral Inforaation. ladloactiva Contents, end Shipping 
Coateiaer". Ha swat furnish end cert i fy the infcreation requested under 
Internal Container end External Container, except for the taaper s e e l . 
Health Physics w i l l provide the ledlet ion Survey. 

The f i l l e d - i n ( t o th i s point) fora Is to be trarsai 'ted to the Isotopes 
Se'es Dgpt. in the Isotopes Division - - along with th» loaded container. 
The Isotopes Division i s responsible for providing tin taaper seal 
arranging tie-down laspecci-ja, end final approval of the shipaent. 

A copy of the form i s attached. 

/&y zi,~ G6.3UL> 
Operating Supervisor 

Departaent Supt. 

Operating Supervisor 

is ion Supt. 

/ 
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OAK RIOCE RATIONAL LABORATORY RADIOACTIVE MATERIALS PACKAGING IMFORMATIOM 
inn FOOT i\ KI <M ifcM) i OK if j . . m r u vrt (,KI I H K / ; / 1 \ i »// i.n i * I F •« /•« i OK I < I mi t 

itFr.i/cmwt w m u»*«». «»rf, it .ivn .i« i. iirrr m.n;t.viof /f r.u\r.«Mm 

CtriEIM. INFORMATION 
K Oi«m (Dirts***) -• Dr**t&Mt*'** 
1- Mrtfcad of Transport 4. V.-ich: 
5. Sprrial h w t w t M * * 

Sp*c'-*i taMr*ttt.«i* C?fspUej bv 

- RADIOACTIVE CONTENTS 
1- All »9fw *cttTiicr« m ctmes anil'w (fans 

2. Sfrr.tr (*: Q .1 Ibf * . Sp*ct*l Fo»« 

(c) • F ixu le < « L 3C«tt-Fiuile 

Rarf>**cti~ ttenrol Fwia: C M * O L.*>wi 

H e * Load (»»lt*>: C«lnl«w4 

$[*..•.»! Fotir X-.. 

Co. . 
_ _ _ Eftitntoted _ 

SHIPPWCCONTAMEX 

1. Certificate ^ CoMpliante N«. U£A-
*. DOT Specification %•. . 1 . Xo* V * r Safety ftVv:et No. 

4. Container dcternined proper for content* br Date 

WTEWAL CONTAMEt 

capsvle -unerul) 
^ Other ( e * p U m ) _ _ _ , . , 

ConlaucnMMn lerel on mtrnt ! container: £«Tt-tair<l -
Radiation level front internal ;«rtiuwr: Measured __ 
Gashvts <rf seals (-aires) pr jperlv »s(#Ued 
Leak tests vf internal coniair.er_ , 

» Wr!4t?4 C ^ t s l * •»C'?<':tv 

. Strutted ___ 
_ O I « l * t e d . 
. Bv 
_Br 

EXTERIIALCONTAIIIER 

1. Moderator and neutron absorber present f«w fi'.siie --^-rial 
*, Extern*! container evanuttati—( • 
1. Gaskets or se-ils properly installed -
I . Lea* test 
5- Bolts tor—*ed to ____________________ . ft. !M 
t». Tie down t«» skid checked . 
7. T*~p*r %e*l Mi*ialtr»l ___, 
* . I.*d eye h**Ii removed and »ifed to the iwT îde «*f rtir . *-rn— 

. O f 

. n v 

V r t 8v 
Tr» _ B? 

r»» By 
=; T « ; Bv 

D* 
Vc« lit 
y.-« 1 L **• 
V- . B> 

RADIATION SURVEY 

I . Snrfoce ronl4«iiWin« leo-l; A'ph* 
_*. E»tem#T radta inn I*-»t-I ________»___ 
*. D>MR«sfir tinn-i-iit^ 
1. F*»wiEn Oi»pmem« . 
*. Health PhT*«c« &ir\eyr>r 

T-ri—1 *hr < ».-nfart 
mre-t'hr ^ * f! fr™* *orfa«-e 
-tren 'hr * I «et«-f fn»* « rnter 
D »te _ . . . 

TRUCK TIE-OCW ANOIHORINC 

7ie^fnw- f̂ul *»on«ii'. m art "rdvAi r --»th SARP *•»•! 0«-*»f.nrt( 1^v>iit t ht-. '*•••% \n 
fln^p* »-li"n Eoemrf-nnp) 

•p—em Appro* M Of 

http://Sfrr.tr

