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SAFETY ANALYSIS REPORT FOR PACKAGING (SARP) 
O F  THE OAK RIDGE NATIONAL LABORATORY 

TRU CALIFORNIUM SHIPPING CONTAINER 

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

ABSTRACT 

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

1. INTRODUCTION 

The ORNL TRU Californium Shipping Container was designed and fabricated at the Oak 
Ridge National Laboratory. The design was analyzed in 1971 (see ref. 1) and reevaluated in 
1974 to demonstrate compliance with the regulations. The results of the analyses are presented 
in Sects. 2 through 8 of this report. The package was inspected to ensure that it was in 
accordance with the drawings presented in Sect. 9.1. 

The primary use of the container is to provide impact and thermal resistance, as well as 
shielding, for its contents during both normal transport and hypothetical accident conditions. 
The package is shipped by truck only on its own specially designed trailer. It can be 
transported by other modes if necessary. It complies with the Nuclear Regulatory Commission 
(NRC) regulations contained in the Code of of Federal Regulations, Title 10, Part 71;* DOE 
Manual Chapter 0529;3 and all Immediate Action Directives (IAD) in effect as of this report 
date. The cask also complies with U.S. Department of Transportation regulations published in 
the Code of Federal Regulations, Title 49, Part 173.4 

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

One shipping container was fabricated and originally assigned ORNL No. IO-S-21-211. 
Later, the Department of Transportation assigned Special Permit No. 5740 to the container. 
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1.1 Description of the Package 

The TRU Californium Shipping Container (see Fig. 1.1 and the engineering drawings in 
Sect 9.1) weighs 23,500 lb and consists of two l/Zin.-thick, 66-in.-diam stainless steel 
hemispherical heads joined by a 6-in. cylindrical section. The cylindrical cavity is 3 in. in 
diameter by 6 in. long and is shielded by 30 in. of Blackburn limonite concrete having a 
density of -175 lb/ft.3 Reinforcing steel ties the concrete to the outer shell and the central 
cylindrical cavity. The wall of the cavity is 1-in.-thick stainless steel. Upper and lower ball 
valves located at the end of concrete-filled plugs define, isolate, and seal the cavity. The plugs 
utilize O-ring seals, are bolted in place, and are protected with a gasketed cover plate. Fusible 
plugs, which will melt in the thermal aspect of the hypothetical accident, will permit steam 
from the concrete and gases from the cover plate to escape (see Fig. 1.1). The typical ball 
valve, ball valve operator, and seal plug arrangement are shown in Fig. 1.2. 

The top ball valve and plug may be replaced by other plugs, permitting multiple source 
shipments (see Fig. 1.3). Sources are contained in 2R or special-form containers (see Sect. 5). 

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

1.2 Contents of the Package 

The cask is designed to transport isotopes of americium, curium, berkelium, californium, 
einsteinium, and fermium as a solid (either metal, oxide, oxysulfate, or dry salt) that will be 
carried inside the cask in a 2R or special-form capsule. The maximum quantity of any or all 
radionuclides shipped will be 3 g, which is defined as a large quantity.’ The cask is designed 
for a maximum heat load of 50 W (170 Btulhr). The dose rates external to the cask will be 
limited to those permitted by the DOT.6 

2. STRUCTURAL EVALUATION 

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

The mechanical properties of 304L stainless steel and limonite concrete are summarized in 
Table 2. I .  

2.2 General Standards for All Packages 

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

2.2,l Reactions between materials of construction and package contents 

The container is constructed, as shown in the as-built drawing (see Fig. 1.1 and Sect. 9.1), 
of type 304L stainless steel and limonite concrete. No evidence of any significant chemical, 
galvanic, or other reaction between these materials has been noted; additionally, past experience 
has not revealed any indication of reactions between these materials of construction and the 
intended package contents. 

2.2.2 Closure 

The cask is equipped with a positive closure consisting of two cover plates, one on the top 
and one on the bottom, held in place with twelve 1/2-in.-diam bolts. The bolts on the top 
plate are seal wired in place to indicate tampering with or opening of the cask; the bottom 
plate is inaccessible in transit. 

2.2.3 Cask-lifiing devices 

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

The Californium Shipping Container is designed to be lifted by holes in any two of eight 
lifting ribs that are symmetrically spaced around the cask. Since the lifting will always be 
applied to two holes, the analysis will be based on that mode of operation. 

Both the ribs and the cask body are fabricated from 304L stainless steel. A schematic 
diagram of a lifting rib and the lifting load is given in Fig. 2.1. The lifting rib is analyzed, 
first, to determine the adequacy of the weld between the rib and cask body; a second analysis 
determines whether the stresses around the lifting holes are below the tensile yield stress or the 
shear yield stress of 304L stainless steel. 
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Table 2.1. Mechanical properties of 304L stainless steel 
and limonite concrete 

Stainless steel Limonite 
Properties Symbol 304L concrete 

Tensile yield stress, psi 

Allowable shear stress, psi 

Ultimate shear strength, psi 

Young's modulus, psi 

Poisson's ratio 

Weight density, lb/in. 

Thermal expansion coefficient, 
per O F  

Specific energy, 

Yield stress, psi 

in.-lb/in. 

Static properties 

0 30 103a 

T 15 103b 
Y 
a 

T 61 , OOOa 
E 30 x 

V 0. 3a 

Y 0. 2gC 

U 

0. lOld 

a 9.9 x 10-6 

Dynamic properties 

S min io 104 
S max 26 104 

0 61.2 1 0 3 ~  
S 

a International Nickel Company, Inc., Mechanical and Physical Properties 
of Austenitic Chromium-Nickel Stainless Steel at Ambient Temperatures, 
1963. 
b50% of tensile yield stress. 
'L. B. Shappert ,  Cask Designers Guide, ORNL NSIC-68, February 1970. 

dB. B. Klima and L. B. Shappert, The TRU Ten-Ton Californium Shipping 
Container, ORNL-TM-3505 (Nov. 1971). 
e Based on minimum ratio of yield/ultimate values for bolts as indicated 
in Table 5.1 and on minimum tensile strength of 95,000 psi (p. 55) 
given in D. D. Cannon's Structural Analysis of Shipping Casks, V o l .  12, 
Energy Absorption Characteristics of Stainless Steel Bolts Under Impact 
Loading, OWL-1312, Vol. 12 (May 1972). 
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Weld between rib and cask body. Eight I-in.-thick lifting ribs are spaced equally around 
the top of the cask, each with a 4-in.-diam hole centered 5 in. from the edge of the rib (see 
Fig. 2.1). 

The cask is usually lifted with an eye-and-cable sling through two ribs. For this analysis, a 
safety factor of three times the nominal weight of the cask is used. Therefore, the load per rib 
is expressed by the following equation: 

where 

P = load per rib, lb, 

F = safety factor, 3, 

= cask weight, 23,500 lb, 

N = ribs used in lifting, 2. 

Substituting these values in Eq. (2.1) yields 

P = (3)(23,500)/2 = 35,250 Ib. 

The rib is attached to the cask by a 3/8-in. weld made completely around the perimeter of the 
rib. 

A 3i8-in. weld is capable of supporting 3600 Ib per linear inch of weld.' Hence the 
maximum allowable lifting load (PmaX)  can be calculated from Eq. (2.2) in the following 
manner: 

where 

L = length of weld, 86 in. 

Substituting, 

P,,, = 309,000 Ib. 

This' value is considerably in excess of the required 35,250 lb; therefore, it is quite feasible to 
use the ribs for lifting the cask and still maintain a large safety factor during this operation. 
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Stress around the lifting hole. The stress around the lifting hole is analyzed, assuming that 
the metal nearest the outside of the rib acts like a curved beam with fixed ends and loaded in 
the center. Although such an analysis is not exact, the predicted stresses will be high 
(conservative). Dimensions of the curved beam as used in the analysis are given in Fig. 2.2. 

The following analysis is based on equations given by Roark' that can be used to predict 
stress concentration factors found in the analysis of curved beams. For a value of 
r / c  = 3.51 1.5 = 2.35, where r is the radius of curvature measured to the centroid of the 
section and c is defined below, a table supplied by Roark' indicates the following: 

ki = 1.39 = S i i S  (2.3) 

and 

k, = 0.78 = S O I S ,  

where 

k = the stress concentration factor, 

Si = actual stress in extreme fiber on concave side, 

So = actual stress in extreme fiber on convex side, 

S = unit stress in corresponding fiber as computed by 
ordinary flexure formula for a straight beam. 

Since S = Mc/I, 

where 

M = bending moment = FL/8, in.-lb, 

c = distance from centroidal axis to extreme fiber, 1.5 in., 

I = moment of inertia, bd3/ 12, in.4, 

L = length of beam, 4.95 in., 

F = force on one rib assuming a safety factor of 3, 35,250 lb, 

d = depth of beam, 3 in., 

b = width of beam, 1 in. 

(2.7) 
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Substituting these values and the dimensions shown in Fig. 2.2, 

M = (35,250)(4.95) = 21,800 in.-lb, 

I = (1)(3)3/ 12 = 2.25 in.4, 

S = (21,800)(1.5) = 14,500 psi. 

Therefore, 

Si = kiS = (1.39)( 14,500) = 20,150 lb/ in. 2 

and 

So = k,S = (0.78)(14,500) = 11,300 lb/in.’ 

Thus with a safety factor of 3 included, the stresses in the extreme concave fiber and in the 
extreme convex fiber are less than the tensile yield strength of the material (see Table 2.1). 
Hence the design meets the requirements. 

2.2.4 Lid-lifting device 

The regulations require that if there is a system of lifting devices which 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 without generating stress in any material of the lid in excess of its yield 
strength. It is further required that, unless rendered useless for lifting during transport of the 
package, the lid-lifting system or any other system of lifting devices shall conform to the 
requirements for the package-lifting system. 

This cask is equipped with a 1/2-in.-thick stainless steel plate, which is used to prevent 
access to the top closure plugs. This plate, which weighs -35 Ib, is normally removed by hand; 
there is no lid-lifting device. 

2.2.5 Tie-down devices 

If there is a system of tie-down devices which 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 (1) a vertical component of two times the weight of the 
package and its contents, (2) a horizontal component along the direction of travel of ten times 
the weight of the package and its contents, and (3) a horizontal component in the transverse 
direction of five times the weight of the package and its contents. This applied load shall not 
generate stresses in any material of the package in excess of the yield strength of that material. 
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Also, any tie-down device which is a structural part of the package must be designed such that 
failure of the device under excessive load will not impair the ability of the package to meet 
other requirements of the regulations. 

The package will be tied down to a special trailer as shown in Fig. 1.4. The trailer is 
capable of carrying the 23,500-1b cask. The cask is bolted to a 1-in.-thick steel deck by means 
of eight 2-in. bolts. Four 7/8-in.-diam cables may be attached to four of the lifting lugs which 
are, in turn, fastened to the trailer. In the following tiedown analysis, stresses are examined in 
the eight bolts, and no credit is taken for the four cable tiedowns. 

Tie-down analysis. T o  analyze the tiedown system, the cask is considered as a hypothetical 
cantilevered beam. The tiedown bolts are in a circular pattern. For computational purposes, 
the base is considered to be a circle having a diameter equal to the minimum distance across 
the flats of the octagon (see Fig. 2.3). 

The method used to determine tie-down bolt loadings was derived elsewhere;’ therefore, 
only the necessary equations are used here. At the plane of attachment, the cross section of the 
hypothetical beam consists of the bolts loaded in tension and a strip, a in. in width, loaded in 
compression as shown in Fig. 2.4. The maximum stress occurs at  this plane. Since the 
geometry is considered to be circular, it is a computational advantage to combine the 5W and 
10U loads vectorially, as follows: 

P = [ ( 5 y 2  + (10y)2]”2 = 11.2 y, 

where 

= weight of the cask. 

The line of action, P, has been taken as the X axis and is rotated from the direction of travel 
by an angle 6, as shown in Fig. 2.3: 

6 = tan-’ 5/10 = 26.6”. (2.9) 

Using the calculational techniques derived in ref. 9 and Figs. 2.3 and 2.4, the following 
values were determined: 

8 = angle defining edge of neutral axis, 36.6’, 

a = distance to neutral axis from edge of plate, 6.61 in., 

Z = moment of inertia of section resisting bending, 22,640 in.4. 

The neutral axis is shown in Fig. 2.4. The values of the distance from the edge of the 
baseplate and the neutral axis for the eight bolts are shown in Table 2.2. 

f 

h 



1 5  
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F i g .  2 . 3  Analysis  of t h e  f o r c e s  imposed on t h e  tie-down b o l t s .  
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Table 2.2 Valuesaof b and b 

b l  = 33.5 -  COS 18.4 ' )  = 6.93 0 .32  0.10 

b2 = 33.5 -  COS 26.6')  = 8.46 1 .85  3.42 

b3 = 33.5 -  COS 63.4 ' )  20.96 14 .35  205.92 

b4 = 33.5 -  COS 71 .6 ' )  = 24.66 18.05 325.80 

b5 = 33.5 +  COS 71 .6 ' )  = 42.34 35.73 1276 .63  

b6 = 33.5 4-  COS 63 .4 ' )  = 46.04 39.43 1554.72 

b7 = 33.5 +  COS 26.6 ' )  = 58.54 51 .93  2696.72 

b8 = 33.5 -k  COS 18 .4 ' )  = 60.07 53.46 2857.97 

Cb = 268.00 Cb2 = 8921.28 

a Values are def ined  as fo l lows:  - b = d i s t a n c e ,  cen te r - l i ne  b o l t  
from edge of p l a t e ,  i n  inches ;  b = d i s t a n c e ,  cen te r - l i ne  b o l t  
from n e u t r a l  a x i s  y ,  i n  inches .  

The bending stress, SB,  in the most distant bolt from the neutral axis can be calculated from 

these data as follows: 

sB = PZbgiI (2.10) 

= 11.2(23,500)(42.0)(53.46)j 22,640 = 26,100 psi, 

where 

P = combined X and Y loads [see Eq. (2.8)], 

Z = moment arm, 42 in., 

bx = distance neutral axis to most distant bolt, 53.46 in. 
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The direct tensile stress, S t ,  distributed equally in all bolts, is obtained from 

St  = 2W/NA = 2(23,500)/8(2.50) = 2350 psi, 

where 

(2.1 1) 

N = number of bolts, 8, 

A = cross-sectional area of bolt, 2.50 in.’ (ref. IO). 

The shearing stress, S,, distributed equally in all bolts, neglecting friction, is obtained from 

S, = P/NA = 11.2 (23,500)/8 (2.50) =13,160 psi. (2.12) 

Using Mohr’s circle of stress, the maximum stress in the most stressed bolt ( S m )  is determined 
as follows: 

= F6,lOO + 2350/21+ [(26,100 +2350/2)2 + (13,160)2]1~’ 

S m  = 33,600 psi. 

Thus it is concluded that the tie-down system meets the requirements of the regulations, since 
the computed maximum stress of 33,600 psi is less than the yield strength (35,000 psi ) for the 
mild-steel bolts used. 

2.3 Standards for Type B and Large Quantity Packaging 

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

2.3.1 Load resistance 

When regarded as a simple beam supported at its ends along any major axis, the container 
must be capable of withstanding a static load, normal to and uniformly distributed along its 
length, that is equal to five times its fully loaded weight without generating stress in any 
material of the cask in excess of the yield strength of that material. The TRU Californium 
Shipping Container is almost spherical; therefore, this requirement is not applicable. 
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2.3.2 External pressure 

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

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

where 

P, = allowable working pressure, psia, 

B = factor, 10,000 (Fig. UNF-28.8, ref. I I ) ,  

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

th = thickness of spherical shell, 0.5 in. 

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

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

P = St2/cd2 = 13,300 (0.5)2/0.25 (16.75)2 = 47 psig, 

where 

S = maximum allowable stress value, 13,300 psig, (Table UHA-23, ref. 1 I ) ,  

t = thickness of cover, 0.5 in., 

c = attachment factor, 0.25, 

d = diameter of the bolt circle, 16.75 in. 

(2.15) 

The top and bottom closure flange is, therefore, sufficiently thick to withstand an external 

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

external pressure of 25 psig. Hence the regulations are met. 
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3. COMPLIANCE WITH STANDARDS FOR NORMAL CONDITIONS O F  TRANSPORT 

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

3.1 Heat 

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, a 
modified version of HEATING-3 (ref. 13) capable of accounting for phase change in materials 
and applicable to the IBM 360 computer, was used to compute the steady-state temperature 
distribution in the cask and its contents under the specified conditions. 

3.1.1 Thermal properties of materials 

The thermal properties of materials used to compute the temperature distribution are listed 
in Table 3.1. 

3.1.2 Thermal model 

The computational model representing the TRU Carrier is illustrated in Fig. 3.1. The 
contents were modeled as a homogenous cylinder with the decay-heat generation rate of 50 W 
uniformly distributed throughout the volume. 

As the HEATING-3I3 code cannot be used to model a sphere, the exterior surface was 
modeled using a group of concentric cylinders whose outside surfaces approximated the surface 
of a sphere. The radius and length of these cylinders were chosen so that the resulting surface 
had the same surface area as that of the actual cask. Natural convection heat transfer 
coefficients for a sphere were used for the exterior of the cask. 

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



Table 3.1. Thermal properties of materials used to 
compute temperature distribution 

Heat 
Temperature Thermal conductivity Density capacity 

Mat e r ial (OF) Btu hr-lft-l ("F)-l lb in.-3 Btu lb-I 

Fue 1 6.62 0.0978 0.214 

Seal 0.143 0.0347 0.469 

SST 304L 32.0 
212.0 
932.0 
1292.0 
1472.0 

Air 32.0 
212.0 
392.0 
572.0 
752.0 

7.736 
9.428 
12.571 
14.989 
15.000 

0.017 
0.018 
0.022 
0.026 
0.029 

0.282 

4.11 10-5 

0.130 

0.240 

- Concrete 0.600 0.090 0.21 
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In calculating the steady-state temperatures for the 130" F environment in direct sunlight, it 
was assumed that a solar heat flux of 144 Btu/hr-ft2 was incident solar flux that is absorbed 
by the cask is equal to the absorptivity (0.6) of the outer surface of the cask. A second 
steady-state analysis was made assuming ( 1 )  the ambient temperature was 100°F and (2) the 
solar heat load was reduced to zero. 

6 

3.1.3 Maximum temperatures 

Calculated temperatures of points of interest throughout the cask are presented in Table 
3.2 for the 130°F ambient plus solar heat load case as well as for the 100°F ambient-shade 
case. In this latter case, the maximum accessible surface temperature was calculated as 101°F. 
Since this is less than the 122°F limit specified by the DOT  regulation^,'^ the container does 
not require exclusive use shipping conditions and complies with the regulations. 

For the 130" F ambient-solar heat load case, the maximum calculated temperature was 
274°F. Since this temperature is well within the operating limits of all gaskets and seals, the 
integrity of the cask, as well as the inner container, will be essentially unaffected by these 
thermal boundary conditions. Therefore, the container complies with the regulations. 

Table 3.2. Calculated temperatures (in O F )  

throughout the cask 

Environment 
130'F Direct 

Locat iona lOO'F Shade sunlight 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

Contents 

Concrete 

Concrete 

Outer surface 

Outer surface 

Outer surface 

Concrete 

Upper seal 

Lower seal 

194' 

113' 

105 ' 

101' 

101' 

101' 

109' 

162 ' 

155' 

274' 

198' 

190' 

186' 

186' 

186' 

194' 

244' 

238' 

~~ ~ 

a These locations are identified with corresponding let- 
ters in Fig. 3.1. 
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3.1.4 Thermal expansion stresses 

A temperature distribution exists from the cask center to its surface. A higher temperature 
exists in the through tube since the heat source is in the cavity and the heat flows readily up 
the tube, causing it to expand while it is being restrained by the outer steel shell. The 
differential temperature under normal transport conditions is found to be 93°F (see Table 3.2, 
100" F shade condition). 

The stress in the tube can be computed as described below using the drawings shown in 
Fig. 3.2. 

The maximum strain is given by 

t =  AT = (9.9 x 10-6)(47) = 4.6 x in./in., 

where 

a = thermal coefficient of expansion, 9.9 x in./in./"F, 

AT = average temperature through tube 194 - lOlj2, 47"F, 

u = EE = (30 x 106)(4.6 x = 13,800 psig, 

where 

E = Young's modulus, 30 x lo6 psig. 

The load (P) per unit circumferential length for the 4-in. pipe is represented by 

P = UT = 13,800 (0.237) = 3270 lb/in., 

where 

(3.1) 

(3.2) 

(3.3) 

T = thickness of the 4-in. Sched-40 through tube, 0.237 in. 

Using Timoshenko's's equation for a sphere with a uniformly distributed load P per length 
applied to the upper edge and assuming the sphere weightless: 

u = P sin cpo/h sin2q = (3270)(sin 8.68")/(0.50)(sin 14°)2, (3.4) 

where 

cpdo = angle from center to point of P application, 8.68", 

cp = angle from center to stress point, 14", 
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. 

/ 2 " 

Fig.  3 . 2  Sketch and dimensions used t o  determine thermal  stresses. 
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h = shell thickness, 0.50 in., 

u = 3270(0.151)/(0.50)(0.0585) = 16,900 psig. 

Since the stress due to the maximum thermal differential is less than the yield stress (see 
Table 2.1), the through tube should suffer no damage due to the loads imposed by the thermal 
stress. 

3.2 Cold 

The shipping package must be able to withstand an ambient temperature of -40°F in still 
air and shade. 

Taking T I  = -40°F (420"R) and assuming no internal heat load, the final or maximum 
pressure (P2) in any cavity sealed at a pressure of 14.7 psia and a temperature of 70°F (530"R) 
is 

Pz = ( P I T ~ ) / T ~  = 11.65 psia. (3.5) 

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

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

3.3 Pressure 

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

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

P2 = ( P I T ~ ) / T ~  = (14.7)(T2)/530 = 0.0277 T2, (3.6) 

where 

PI = assembly pressure, 14.7 psia, 
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Tz = temperature under heat load, OR, 

8 

TI = assembly temperature, 530"R. 

The pressures shown in Table 3.3 were calculated by the above formula and refer to the model 
shown in Fig. 3.1. They are based on both the 100°F shade and still air and the 130°F direct 
sunlight environments. The maximum pressure generated is 5 psig for the inner container at 
130°F in direct sunlight. 

The cask and its gasketed seals will be able to withstand these pressures without damage 
or reduction in the effectiveness of the packaging. Additionally, the container conforms to the 
requirement for the reduced pressure condition of normal transport. 

3.4 Vibration 

The container is of welded construction, and vibrations received in transit are not expected 
to affect the integrity of the weldment. All fasteners are equipped with lock washers and are 
not expected to loosen during such vibrations. 

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

3.5 Water Spray 

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

3.6 Free Drop 

The regulations for normal conditions of transport require that a package weighing more 
than 20,000 lb be capable of withstanding a free drop through a distance of 2 ft onto a flat, 
essentially unyielding, horizontal surface, striking the surface in a position in which maximum 
damage is expected to result. A free drop of the TRU Californium Shipping Container through 
a distance of 2 ft is expected to produce a denting of the outside steel shell and possibly some 
slight fracturing of the concrete. Any concrete that might be fractured will be contained, and 
no reduction in effectiveness of the package or loss of contents is expected to occur due to the 
2-ft free drop. Analysis of the hypothetical accident 30-ft free drop (Sect. 4.1) indicates that 
damage (if any) from a 2-ft drop will be insignificant. 
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Table 3.3. Pressures in internal air gaps 

100°F Environment 130°F Environment 

Tair Pressure air Pressure 'T 

Regiona (OF) (PSid (OF) (psig) 

39 170 2.8 250 5.0 

43 165 2.6 250 5.0 

44 155 2.3 238 4.6 

45 130 1.6 215 4.0 

47-56 100 0.8 187 3.2 

a See Fig. 3.1. 

P 
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3.7 Penetration 

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

The maximum energy imparted to the cask is 520 in.-lb. Approximately 50,000 in.-lb is 
required to deform 1 in.3 of stainless steel; therefore, the energy of impact would deform about 
0.0104 in.’ of material. If the hemispherical head of the impactor struck the stainless steel shell, 
the depth of penetration would not exceed the depth of a spherical sector having a volume of 
0.0104 in.3. The volume of a spherical segment of one base is 

V = (1 / 3)rh(3rh - h’), (3.7) 

where 

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

r = radius of sphere, 0.625 in. 

The preceding equation becomes 

h3 - 1.875h2 + 9.93 x = 0. 

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

3.8 Compression 

Since the weight of the T R U  Californium Shipping Container exceeds 10,000 lb, this 
section is not applicable. 

4. COMPLIANCE WITH STANDARDS FOR HYPOTHETICAL 
ACCIDENT CONDITIONS 

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

2. No radioactive material would be released from the package except for gases 
containing total radioactivity not to exceed 0.1% of the total radioactivity of the 
contents of the package. 
The contents would remain subcritcal. 3. 

4.1 Free Drop 

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

4.1.1 Drop on rounded stainless steel outer shell 

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

Very little information is available in the literature concerning the impact of heavy 
concrete pieces on essentially unyielding stationary objects. However, a series of tests were 
performed at  the Brookhaven National Laboratory with three unencased reinforced concrete 
waste shipping containers. These containers, which weighed -10 tons, were dropped 30 ft onto 
a IO-in.-thick slab of armor plate.16 These containers had wall thicknesses of 6 in., 12 in., and 
17 in. Containers that had wall thicknesses of 12 in. or 17 in. passed the drop test, with the 
latter one showing only hairline cracks and essentially no loss of shielding. 

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

e 



31 

4.1.2 Drop on top flange 

The possibility of failure of the bolts which hold the top concrete shielding plugs in the 
cask was investigated. It was assumed that the cask was dropped, upside down, on its top 
flange, from a height of 30 ft onto a solid, essentially unyielding surface. Under these 
conditions the wall of the cupola (to which the top flange is bolted) and the 1-in.-thick lifting 
ribs would deform, absorbing the kinetic energy of the cask. An analysis was made using the 
equations given in Sect. 9.3. 

Results indicate that the cupola would crush approximately 1 in. before all kinetic energy 
would be absorbed. This is not possible because after collapsing 0.5 in. the top flange would 
come in direct contact with the bolted plug flanges. At this time of contact, the number of g's 
experienced by the cask would rapidly increase, the cask would come to rest in less than the 
remaining 0.5 in. predicted in the analysis, and the plug flanges would be driven back into the 
body of the cask. The predicted g loading of the cask, shown in Fig. 4.1 as a function of 
deformation, should be realistic up to the point at which the top flange encounters the plug 
flanges. Under these conditions the bolts holding the plugs in place will have to resist about 
425 g's before the plugs are driven back into the cask body. Therefore, the force to be resisted 
by the bolts becomes 

F = ma, (4.1) 

where 

m = mass of the plugs, 3.60 slugs, 

a = maximum acceleration experienced by the plugs, ft/ sec2, 425 g. 

Substituting, the applied load is 

F = (3.60)(425)(32.2) = 49,200 lb. 

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

A = NA = (8)(0.122) = 0.976 in.', (4.2) 

where 

N = number of bolts, 8, 

A = area of bolt, 0.122 sq in.2 

The total load-bearing capacity of the bolts is determined from 
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Fig .  4 . 1  Acce lera t ion  vs deformation as a r e s u l t  of computer 
a n a l y s i s  of 30--.ft drop on t o p  f lange .  
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r 

Fmax = Aus, 

where 

us = yield strength of stainless steel, 61,200 psi (see Table 2.1,footnote e), 

Fmax = (0.976)(61,200) = 59,700 lb. 

(4.3) 

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

4.1.3 Drop on bottom flange 

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

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

F = ma, (4.4) 

where 

m = mass of the plugs, 3.60 slugs, 

a = maximum acceleration experienced by the plugs, ftj set', 1000 g. 

Substituting, 

F = (3.60)(1000)(32.2) = 115,900 Ib. 

The area of metal in tension by this force is the stress area of eight turned down l12-in. bolts. 
The area of the bolts under stress is 0.976 in.,’ as indicated in Eq. (4.2). 

The total load-bearing capacity (Fmax) of the bolts was determined to be 59,700 Ib, as 
indicated in Eq. (4.3 ). Since F,, is less than the applied load, the bolts will fail and the ends 
of the plugs will drop into the bottom closure cover (see Fig. 1.1).  
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Fig. 4.2 Acceleration vs deformation as a result of computer 
analysis of 30-ft drop on bottom flange. 
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F,, = NAa, = 12(0.142)(61,200) = 104,300 lb, (4.5) 

where 

N = number of bolts, 12, 

A = area of bolts, 0.142 in.’ (ref. lo), 

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

The load bearing capacity of these bolts will hold the plugs from further travel. The bottom 
closure cover is a gasketed sealed cavity, and the inner container upon which containment 
depends is still retained in the cavity essentially without movement. No loss of containment or 
appreciable loss of shielding is anticipated. 

4.2 Puncture 

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

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

The energy of impact will be absorbed by the 6-in.-diam mild-steel bar and the 
1 / 2-in.-thick cask outer shell. Figure 4.3 illustrates the configuration for this computational 
model. The absorbed energy U = u h  = (23,500)(40) = 940,000 in.-lb, and 

where 

U = energy, in.-lb, 

- W = weight of cask, 23,500 lb, 

h = drop height, 40 in., 



STAINLESS STEEL '-\. 
CASK OUTER 

MILD STEE 

S H E L L  

Fig. 
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F = force, lb, 

A = deformation, in., 

u = stress, psig, 

A = undeformed cross-section area of member, in.’, 

E = strain, in./in., 

L = undeformed length of member, 0.5 in., 

SS = subscript for stainless steel, 

MS = subscript for mild steel. 

Since the force is the same in both members, we can write 

USA = UMSA, 
and since the areas are the same, 

(JSS OMS = 0. 

Then Eq. (4.6) becomes: 

For plastic deformation of stainless steel and mild steel, simple stress-strain relations can 
be written a d 7  

and 

UMS = (2.56 x 1 0 ’ ) ~ ~ s  -I- 60,000. 

Rearranging yields the following result: 

ES = (ass - 60,000)/(4.33 x lo’) 

and 

EMS = (USS - 60,000)/(2.56 x lo’). 

(4.8) 

(4.9) 

(4.10) 

(4.1 1)  
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Substitution of Eqs. (4.10) and (4.11) into Eq. (4.7) and eliminating the material subscripts 
yields a quadratic equation as follows: 

u2 - (6.0 10‘)~ - (1.694 10’) = 0, (4.121, 

which yields the result u = 60,281 psig. 
The strain on the stainless steel cask shell is 

ESS = (60,281 - 60,000)/(4.33 x lo5) = 0.00065 in./in., 

and the deformation is 

AS = EL = (0.00065)(0.50) = 0.000325 in. (4.13) 

From Newton’s second law, the peak acceleration is 

amax = Fim = F g / X  = uAg/W = [(60,281)(~)(6)~(g)]/[(4)(23,500)] = 72.5 g. (4.14) 

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

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

4.3 Thermal Evaluation 

4.3.1 Hypothetical thermal accident condition discussion 

The third in the sequence of hypothetical accident conditions specified by the regulations 
to which the cask must be subjected is a 30-min exposure to a source of radiant heat having a 
temperature of 1475°F and an emissivity coefficient of 0.9 or equivalent. For calculational 
purposes, it shall be assumed that the package has an absorption coefficient of 0.8. The 
package shall not be cooled artificially until after the 30-min test period and the temperature at 
the center of the package has begun to fall, or until 3 hr following the test period. 

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

It was assumed that the container was loaded with the maximum permissible decay heat 
load of 50 W. The temperature distribution from 100°F ambient condition was input as 
starting temperatures for the accident (fire) calculation. 
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The damage from the free drop and puncture portions of the hypothetical accident would 
not adversely affect the performance of the container in the hypothetical thermal accident. 
Hence the undamaged configuration was assumed. 

4.3.2 Thermal properties of materials 

The thermal properties of materials used to compute the temperature distribution under 
steady-state and transient conditions are listed in Table 3.1 (see Sect. 3.1.1). 

4.3.3 Thermal accident analysis 

The computational model previously used and described in Sect. 3.1.2, representing 
one-fourth of the container, was assumed for the thermal accident analysis. The HEATING-3 
computer program was used to determine the temperature distribution in the container that 
would result from the prescribed 30-min thermal exposure; the material constants given in 
Table 3.1 were used as computer input. The steady-state temperature distribution computed for 
the heat condition of normal transport (100°F ambient-shade) was taken as the starting point, 
and internal heat generation was included in the transient analysis. 

c 

4.3.4 Container temperatures 

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

Throughout the entire test period, the mid-point temperature of the cask remained about 
constant (i.e., 195°F). Following the fire, the outer parts of the cask cooled rapidly; after 3 hr, 
the maximum calculated temperature in the cask was 345"F, located approximately in the top 
inner plug plate. It is apparent that the inner container fuel contents will remain at a 
temperature of495"F. Such a temperature will cause no problems to the contents; nor will it 
have any significant (degrading) effect on the seals of the inner containers. Consequently, if the 
cask is subjected to the high-temperature thermal environment, it is capable of withstanding it 
with no loss of contents and, therefore, meets this part of the regulations. 

5. CONTAINMENT 

Sources and other shipments are confined inside the inner cavity of the TRU Californium 
Shipping Container in either a special-form or a 2R container. These containers-their uses and 
inspections-are described below. 
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5.1 Special-Form Shipments 

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

5.1.1 Special-form containers 

The ORNL Operations Division is authorized by Laboratory management to certify that a 
material conforms to the special-form requirements of Appendix D of 10 CFR Part 71." The 
tests prescribed have been performed on a number of capsule designs. When a capsule is 
similar in design to a capsule previously tested (i.e., in relation to size, mass, wall thicknesses, 
materials, weld, etc.), the design is certified as passing the special-form requirements based on 
previous test results. If this similarity does not exist, it is required that a prototype be tested as 
prescribed. 

5.2 Other Shipments 

When materials to be shipped do  not fulfill the requirements for a special-form shipment, 
they are enclosed within a Specification 2R container which provides primary containment. A 
typical example of an  ORNL 2R container is shown in Fig. 5.4. Specification 2R containers 
are designed to be leaktight to  the extent that water or solids will not leak from or into the 
container at the anticipated pressure and temperature. The cask seals form the secondary line 
of containment. 

5.2.1 Specijkution 2R containers 

Specification 2R" inner containers may be used with the TRU Californium Shipping 
Container. These will be made from pipe and pipe fittings or tube and tube fittings. Wall 
thicknesses and closures will be made in accordance with Specification 2R. 

Fabrication will be in accordance with ORNL Quality Assurance Procedures. Applicable 
approved ORNL procedures will be used for welding. All welds will be appropriately inspected 
in accordance with approved ORNL weld inspection procedures. 
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ORNL DWG 74-11675R31 

I 

c 

STANDARD NEUTRON SOURCE CONTAINER 
( F O R  DETAILS SEE DRAWING M-12175- 

CP-636-D 1 

Fig.  5.2 Standard neutron source  con ta ine r  ( f o r  d e t a i l s  see 
Drawing M-12175-CP-636-D) - a t y p i c a l  s p e c i a l  form inner  con ta ine r .  
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5.3 Containment Requirements for Normal Conditions of Transport 

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

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

5.4 Containment Requirements During the Hypothetical Accident 

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

The 2R containers are designed for pressures and temperatures in excess of those 
encountered in the hypothetical accident. 

6. CRITICALITY 

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

6.1 Evaluation of a Single Package 

A study” has been made of the criticality of californium and other transuranium elements 
under conditions of optimum moderation and water reflection. Californium-25 1 had the 
smallest critical mass (10 g). The quantity of isotopes to be carried by this cask is limited to 3 
g. Approval of the use of this cask for that quantity of fissile material has been granted by 
Nuclear Safety Review 750 (see Sect. 9.2). 

Since the quantites of fissionable isotopes carried is below all minimum critical masses for 
these isotopes under optimum moderation and reflection, and since the cask effectively isolates 
the contents from neutron interaction with packages of similar design, unlimited numbers could 
be stacked together without creating a criticality problem. Thus the package is adequate for 
Fissile Class I shipments. 

P 
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7. SHIELDING EVALUATION 

7.1 Discussion and Results 

The TRU Californium Shipping Container is designed with its cavity surrounded by a 1-in. 
thickness of stainless steel and a 1/2-in.-thick outer spherical shell. The shielding cavity between 
the two is filled with limonite concrete to a nominal thickness of 30 in. The shielding 
effectiveness has been checked with transuranium sources and found to be adequate. In 
addition, the cask contents will be limited to the source that will not exceed the allowable 
radiation dose limits of the DOT regulatiow6 

The shielding effectiveness will not be reduced by the hypothetical 30-ft drop accident, 
concrete fractures in an  intergranular manner providing a labyrinthine pathway for radiation, 
allowing no possibility of radiation streaming. 

8. QUALITY ASSURANCE 

8.1 Fabrication, Inspection, and Acceptance Tests 

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

8.2 Operating Procedures and Routine Inspection 

The Transuranium Processing Plant, Chemical Technology Division, has established 
operating and routine inspection procedures and standard checklists to ensure that all 
shipments are safe and that they comply with DOE regulations as well as all ORNL 
procedures and regulations. A copy of typical procedures and checklists are presented in Sect. 
9.4. 
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8.3 Periodic Maintenance and Inspection 

Inspections are required prior to each shipment or biennially (see Sect. 9.4). Maintenance 
will be required only when routine inspections indicate damage. 
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9. APPENDIXES 
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9 .1  Appendix A - Drawings a s s o c i a t e d  w i t h  t h e  TRU 
Californium Shipping Container  

T i t l e  Drawing No. Page 

1 L  

! c  

Shipping Carrier Assembly 

Shipping Carrier Weldment 

Shipping Carrier - Detail Sheet No. 1 

Shipping Carrier - Detail Sheet No. 2 

Shipping Carrier - Detail Sheet No. 3 

Shipping Carrier - Detail Sheet No. 4 

Shipping Carrier - Detail Sheet No. 5 

Shipping Carrier - Detail Sheet No. 6 

Shipping Carrier Skid Assembly and Details 

Shipping Carrier Skid Assembly - Detail 

Shipping Carrier Skid Assembly - Detail 

Shipping Carrier Trailer Modif icat ion Assembly 

Shipping Carrier Trailer Modif icat ion Trailer 

Shipping Carrier Trailer Modif icat ion Details 

Shipping Carrier Trai ler  Modif icat ion Rear 

Shipping Carrier Trai ler  Modif icat ion Light ing  

Modified Plug t o  Handle Mul t ip le  I t e m s  

TRU Ten-Ton Californium Shipping Container 

E x i s t i n g  Trailer Frame Details 

Sheet 7 

Sheet 8 

Frame Modif icat ion Details 

Tie-Down Bracket Details 

Housing Details 

M-11230-EN-001-D 

M-11230-EN-002-D 

M-11230-EN-003-D 

M-11230-EN-004-D 

M-11230-EN-005-D 

M-11230-EN-006-D 

M-11230-EN-007-D 

M-11230-EN-008-D 

M-11230-EN-009-D 

M-11230-EN-010-D 

M-11230-EN-011-D 

M-11230-EN-012-D 

M-11230-EN-013-D 
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M-11230-EN-015-D 
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M-11230-EN-017-D 
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S-11147-EF-006-D 
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NO REPRESENTATION OR WARRANTY, EXPRESSED OR IMPLIED, IS MADE 
THAT THE USE OR DISCLOSURE OF ANY INFORMATION, APFARATUS, 
METHOD OR PROCESS DISCLOSED I N  THESE DRAWINGS MAY NOT INFRINGE 
PRIVATE RIGHTS OF OTHERS. NO LIABILITY IS ASSUMED WITH RESPECT TO 
THE USE OF, OR FOR DAMAGES RESULTING FROM THE USE OF, ANY 
INFORMATION, AWARATUS. METHOD OR PROCESS DISCLOSED IN THESE 
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TO BE RETURNED UPON REQUEST OF THE FORWARDING CONTRACTOR. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK R I D G E  OPERATIONS 
P.O. BOX E 

OAK RIDGE, TENNESSEE 37830 

July  3, 1974 

AREA CODE 615 
TELEPHONE 483-861 1 

Union Carbide Corporation 
Nuclear D i  v i  s i  on 
Attn: Dr. Herman Postma, Director 

Post Of f i ce  Box X 
Oak Ridge, Tennessee 37830 

Oak Ridge National Laboratory 

INTERIM CERTIFICATE OF COMPLIANCE AEC-OR USA/574O/BL 

Gentlemen : 

Enclosed are two (2) copies o f  the ‘ect c e r t i f i c a t e  (Form AEC-618) 
which replaces DOT Special Permi& 

The in te r im Cer t i f i ca te  issued i n  accordance wi th  Section D o f  AECIAD 
5201-1 w i l l  remain i n  e f f e c t  pending f i n a l  approval. Please arrange to :  

1) Remark each package wi th  the prescribed i d e n t i f i c a t i o n  
symbol and number (Part la ,  Form AEC-618). 

2) Prepare a Safety Analysis Report f o r  the packaging i n  
accordance w i th  the requirements set f o r t h  i n  AECIAD 
5201-3 f o r  review and issuance o f  the f i n a l  approval 
by OR. 

By copy o f  t h i s  l e t t e r ,  copies o f  the c e r t i f i c a t e  are being forwarded 
t o  registered users. 

Sincerely , 

Research & Technical Support Div is ion 
U AUT : LGB 

Enclosure : 

cc: SRO. w/encl . 
CHO, w/encl . 

AEC-OR USA/574O/BL 

bcc: W. E. Terry, OWL, w/encl . e 
ALO w/encl. 
ID0 , w/encl . 
RLO, w/encl . 
SFO , w/encl . 
R. F. Hibbs, w/o encl. 
J. H. H i l l ,  w/o encl. 

. 
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9.2 Appendix B -Approval Documents 

This appendix includes copies of the following: 

Letter from J. A. Lenhard to Dr. Herman Postma, 
dated July 3, 1974 

Interim Certificate of Compliance 
AEC-OR USA/5740/BL, Rev. 0 
dated June 28, 1973 

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

Letter of Approval of SARP by the ORNL Transportation 
Committee dated April 11, 1975 

Page 
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la. Numbar 

AEC -OR USA /5740iBL 
Id. Total No. P q e s  1 IC. FNO. 1 

lb.  Revision Nu. 
0 

3r. This artificate is issued on the basis cf SAFETY ANALYSIS REPORT FOR PACKAGlhiC EAR?) 
(1) Prepered bv O a k  Ridge Xationd. Laboratory 12) Number 

P. 0. Box X 
Ut& Ridge, Tennessee 37830 

P. 0. Box E 
Oak Ridge, Tennessee 37830 

3b. The packaging dessribed in the SARP and further described in item 4 below, when constructed and arsernbied as prescribed in the SARP, 
with the con:Rnts as authorized tenin. meets the sfanuzrds prescribed in DOT regulations. 

Ap ovingffficial\ W P i a m  Yif.Yt%agis, i r ec  or  
Safety & Environmental Control Division 

tic. Na e. n Title 

- 1 7* "'t'g, 2 6 lSiJ 6. Expiration Date 111 appropriate) 

k. The outride of each package mu:t be p!ainly and durably marked with the letters end number shown in item la. on this form in accordance 
with the standards for markings in pwjgraph 173.241bl of 49 CFR 173. 

3d. This certificate does not relieve the canrignor from compiiance with any requirements of the regulations of tha U.S. Department of 
Transportation or other applicsh!e re3iilatory agencies. 

3c. Each user of PachaGes approvcd under :his certificate shall regis?% his name and address with the vrruing office 

4. k l c r ~ p t i o n  of Packaging and Athorizdd Contents. Restrictions and References. 
--- - 

a. The packaging consis ts  of a 66" d i m e t e r  spherical  cask weldnent with a I,!?" thick 
s t a in l e s s  s t e e l  outer she l l  ana 3 1" s t e o l  icner  s h e l l  with the  intervening czvity 
f i l l e d  with a 32" thickness of Blackburn LimoRite Concrete. The c o n t a t s  sha l l  be 
contained within R 3OT Specification 23 container of staicless steel ,  o r  c ther  
macerials of equivalent ghysicai s t rength and f i r e  res is tance.  
dimensions a re  3" d i m e t e r  by 6" long. 
is  ident i f ied  as  the TRiJ Fen Ton Californium Shipping Container, Model ORNL 
104-21-2i1, and i s  described on ORNL Drawing Nuubers M-12166-CD-019-D-1, 
67-9815~2 and ~-11230-~~-017-~-1. 
The contents of each package consis t  of l a rge  qgant i t ies  0:' group I redionuclides 
i n  uomal  form, including any radioisotope of americiwr, curium, berkeliun, ca l i -  
forniutl, c insteiniun,  or fermium as s so l id  m e t a l ,  oxide, ai- d l i r d  chloride t? 
nitrate salt. The Jnaxilnum quantity of any of the  above radionuclides s h a l l  be 
50gams, except for  the  following, which are l imited 50 10 grams (combined)per co3- 
t a ine r  : americium-242, curium-245 curium-247 californiw-249, EW~ californim-251. 

The inner c3vvit;y 
The cesk weignt i s  11-314 tons. The peckage 

b. 

INTERIM 
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REQUEST FOR NUCLEAR SAFETY REVIEW 
This  request covers operations with f i s s i l e  material in a control area and/or f i s s i l e  material 
transfers that originate within the control area. The control area supervisor shal l  complete 
the blocks below and describe the  process  and/or operations to be performed, emphasizing 
the provisions for nuclear criticality safety on the reverse s i d e  of t h i s  page. Th i s  request 
shel l  be approved by the Radiation Control Officers of the originating Division and the 
Division(s) t o  which f i s s i l e  material will be transferred. 

CBITICALIIY COMMITTEE 7 NovernbeL, 1979 

NSU :5( 

EXPIRATION DATE 

TITLE, CONTROL AREA, AND SUMMARY OF BASIC CONTROL PARAMETERS, 
(To be comple-d by th. Control Area Suprr isor )  

DATE R E V I E W  
REOUIREO 

DATE OF 
R E O U E S T  

T I T L E  IFOR REFERENCE PURPOSES) 

. I  ?/ .n,& 
'I' CODE NO. B U I L D I N G  OIVISlbN 

'I," '* "-l' , , +* . 
C 0 N T R ~ i ' Y . S  ' -'' 

C k m .  Tech. 

Limit on Volume Cf Dimryions 

ibne 
RECOMMENDATIONS 

(To be completed by th. Crit icolity Committee) 

This  endorsement i s  based on our present understanding of the operation (whether acquired verbally or in writing) and is 
subject  to review and cancellation. 

This request is approved Subject t o  the  folloLing considerations:  
1. Tk.e f j s s i l e  mass l i m i t s  a r e  well below the  estimated minimum cr i t ical  masses of these 

2. 
ac t in ide  isotopes under conditions of optimal moueration and reflection.* 
The fissile isotopes r d l l  ,IC t ransported a s  s a l t s ,  oxiJes, or metals, mixed, i n  sollle 
cases,  c i t h  nonfissionable dilrrents. 
m i n i m u m  c r i t i c a l  mass v i t h i n  t h i s  cask. 

The massive neutron sh ie ld  of t t e  cask b i l l  preclutle l n t e rab t ion  391th other  fissile u n i t s  

These conditions tend t o  fu r the r  increase tlBe 

3. 

*A.H.Clark, "Cri t ical  ksses of F i s s i l e  Transplutonium Isotopes, ANLS-01 1 2 ,  
No. 2 (hc.l.'bLl) 

. . '73-. 7 , . .- E, C'cu CHAIRMAN. Gc C R I T I C A L I T Y  e,/ C O M M I T T E E  O A T €  

~~ ~~ ~ ~~~ . -~ . ~ ~~~ 

UCN-5917 
13 9-70) 
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PROVlSlOWS FOR NUCLEAR CRITICALITY SAFETY 
(To b somplwod k ch. Control A n o  Supowisor) 

Provisions for nuclear criticality safety shall be described below in accadance with Appendtees II and I l h f  the AEC 
Manual Chapter 0530. This shall include brief descriptions of the process and/or all operations to be performed, plans anc 
procedures for the operations for nuclear criticality safety, and the basic control parameters Please attach 11 copies of 
referenced drawings and documents. 

me cwlr is a 6 ft. 6 in .  stninleaa et?(, l  sphere shie l led  !,y 32 in. of 8loc%hurn 
1lmonlts concretc whose 4eimity is 175 I?~/cL I?,. 

rhc inner cavlty w e d  for shipment of the material ILB 3 In. IE by 6 in. high and 
is described In ORNL’I%i505. I t  is used to ahip large qunntitico of Croup I radio- 
wcl lder  I n  no& fo-m including any radioisotope of at, Cm, mC, Cf, 8 ,  and Fm ae 
a solld m ta l ,  oxide, o *  di-isd chlo V e ,  nitrate or other salt, the ~ r u r l m u  quantity 
of any of the above radlwucl ides  l lmlted to ’ paas. 

November, 1979 

4 
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INTRA-LABORATORY CORRESPONDENCE 
OAK RIDGE NATIONAL LABORATORY 

A p r i l  11, 1975 

To: B. B. K l i m a  
L. B. Shappe r t  
M. C.  J u r g e n s e n  

From: T r a n s p o r t a t i o n  Committee 

S u b j e c t :  Approval  of SAW of t h e  ORNL TRU Ca l i fo rn ium 
Shipping  Con ta ine r  

The ORNL T r a n s p o r t a t i o n  Committee has  reviewed your  submiss ion  of 
t h e  s u b j e c t  SAW t o  f u l f i l l  t h e  r equ i r emen t s  ( i n t e r n a l  rev iew)  o f  
pa rag raph  B o f  AEC Immediate A c t i o n  D i r e c t i v e  5201-3. P a r t i c u l a r  
a t t e n t i o n  was g i v e n  t h e  f i v e  areas of s t r u c t u r a l  i n t e g r i t y ,  thermal  
r e s i s t a n c e ,  r a d i a t i o n  s h i e l d i n g ,  n u c l e a r  c r i t i c a l i t y  s a f e t y ,  and 
q u a l i t y  a s s u r a n c e .  

The r e s u l t s  of t h e  e v a l u a t i o n  show t h a t  t h e  c o n t a i n e r  meets t h e  
r equ i r emen t s  of AECM 0529 and t h e  SAW i s  approved f o r  submiss ion  
t o  t h e  ERDA f o r  r e q u e s t  of a C e r t i f i c a t e  o f  Compliance f o r  a p p r o v a l  
of t h e  c a s k  f o r  u s e  f o r  o f f s i t e  shipments  of f i s s i l e  and r a d i o a c t i v e  
materials. 

E. M. King, ChaLrman 
T r a n s p o r t a t i o n  Committee 

EMK: bb 

cc: T r a n s p o r t a t i o n  Committee 
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9.3 Computer Program for 30-ft Drop onto the Top and 
Bottom of the TRU Californium Shipping 

Container - Program 1014 Cask 
Derivation of Equations 

The model shown in Fig. 9.1 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. 9.2, the expression 

represents the energy expended as the cask moves from X, to X, and deforms the absorber an 
amount 6,. It follows that 

n’= n n n  

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

N6 = Xn. 
The deformation X, may be written 

X, * tnL = N6. 
Solving for En, we have 

(9.3) 

(9 .4)  

t n  = N 6 / L .  (9 .5 )  
There is an expression, ui = f(Ei), where u = stress, psig, and E = strain, in./in., for the 

material from which the energy absorber is constructed. The force F can then be determined 
from the following expression: 

F = aA, 
where 

( 9 . 6 )  

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

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

The program is currently supplied with stress-strain equations, 

u = f(€), (9 .7 )  
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 tubular absorbers (see Fig. 9.3a) 
and for rectangular absorbers having a constant thickness (see Figs. 9.3b and 9 . 3 ~ ) .  In the case 
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of the tubular 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 
as statement numbers 71, 72, and 73. For absorbers of other geometry, the area must be 
computed by hand in input in statement 74. Those statements not applicable must be left as 
0.0. In addition, the cask weight in pounds must be input in statement 80, the drop material 
height in inches in statement 81, and the material in statement 88. The material in 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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ORNL D W G  7 5 - 8 2  

C A S K  

Fn 

O R I G I N A L  S H A P E  

Fig. 9.1 Cask model. 

CROSS 
S E C T I O N A L  
A R E A ,  A 

SECT. A - A  
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O R N L  DWG 75-77Rl  

TKNESS -- 

-7 

D E P T H  
€THICKNESS ; 

c-3  (a) 

DEPTH--t*l 
'HICKN ESS 

L E N G T H  = 2 ( L 1  

L.2 

I C-3 ( b )  

Fig.  9 . 3  Energy absorber  conf igura t ions .  
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**mN,L,M, E , G , A o  

C THIS PROGRAM COMPUTES THE RESPONSE OF A R I G I D  CASK EQUIPPED WITH A N  E N E R G Y ,  
C PROGRAM 1014 CASK 

C ABSORBER WHICH DEFORMS I N  PURE COMPRESSION CODED BY J O H N  EVANS PE ,OAK R I D G E  
C NATIONAL LABORATORY, J U N E  1970 

DIMENSION 
2 ACC(200) 

1000 PORMAT(1H ,8X,'O. R. N. 1. 10 TON SHIPPING CASK') 
1001 FORMAT (1HO) 

DE (200) ,S(200) ,DEF(200),DU (200) ,PORC(200) ,ENER(2OO) , 

1002 FORMAT (1 H , 1 X  ,UgH******+************* . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
1 55H*** . . . . . . . . . . . . . . . . . . . . . . . .  ********** ************+***** , 
2 1 &H**************) 

1003 FORMAT (1H ,23X820HEWERGY ABSORBER GEOMETRY) 
1004 FORMAT (1 H 12X,6HRADIUS,3X89HTHICKNESS,3 I,5HDEPTH84X8 6HLENGTH85X8 

l o 0 5  PORMAT(1H ,F18.3,4P10.3) 
1006 FORMAT (1H ,16X,33HCASK GEOMETRY AND TEST CONDITIONS) 
1007 FORM AT (1H , 12X,llHCASK WEIGHT,3X, llHDROP BEIGAT83X,9HPOTENTIAL8 

1008 PORMAT(1H ,P21.1,P10.1,P17. 1) 
1009 FORMAT ( 1 8  , 1X,12HACCELERATION,2X811HDEPORMATION,6X 5HFORCE,6X8 

1010 FORMAT ( l a  , 5 X , 3 H X  G,10X86HINCHES, 9X84HLBS. ,7X,4HPSI. 9X, 

1011 FORMAT (18 ,P10.1,P13.3,P16.1,Pl2.l,Fll.3,~l2.l) 

1 4HAREA) 

1 X ,  6HENERGY) 

1 

1 5HIN/IN,9 X, 5HLB-IN) 

6 H ST R ES S, 6 X , 6 HSTR A I  I , 8 X , 6 HE NE RGY ) 

DO 7, 1=1,200 
DE ( I )  =O. 0 

DEP ( I )  =O . 0 
DU ( I )  =O, 0 
PORC ( I )  =O. 0 
ENER (I)=O.O 

7 ACC(I)=O.O 
SSTtl.0 
STL=2.0 
ALrJM=3.0 

60  EE=.005 
DS=O . 0 

88 AMATL-SST 
7 0  RAD=8.375 
73 TLEN=O.O 
74 AREA-0.0 
72  DEPH=U. 
71  TAK=l.25 
80 UT=23200. 

s (I) =o.o 

DL=E E*DEP H 
PHI=3.14159265 
I P ( R A D  .GT. 0 . )  AREA=2.*RAD*PHI*THK 
IF (TLEN . GT. 0 . )  AREA=TLEN*THK 
IP(AHATL.NE.2.0) GO TO 6 

C MILD STEEL COEFFICIENTS 
A=-U. 363 37724 E+02 
B=3.52670012E+06 
C=-5.803 44912 E+07 
D=8.447520803+08 
E=-l.O0790838E+lO 
P=8.322@1264E*10 



G=- 4.4 28 7 5 86 4 E+ 1 1 
8=1.50685484E+12 
0=-3.25535392E+12 
P=4.317542723+12 
Q=-3.204 8 7884 E+ 12 
R=l.O1910658E+12 
AA=O.  5 
AB=345000. 
AC=73000. 

IP(AMATL.NE.1.0) GO TO 5 

A=-6.60046824E+02 
B-3.278840203 +06 
C=-l.74360076 E+08 
D=5.7828 0072E i o 9  
E=-9.29116096E+lO 
F=8.46509048E+ll  
G=-4.79173280E+12 
A= 1.7576 0 146E +13 
0=-4.20115552E+13 
P=6.3357 9656E+13 
Q=-5.484 3 2768 E+ 13 
R=2.0790 1540E+13 
AA=O. 35 
AB=642000 . 
AC=50300. 

IP(AMATL.NE.3.0) GO TO 12 
A=-2.3 75 2 9 9 9 2 E+02 
B=8.772222163+05 
C=- 2.103 9 5908 E+07 
D=7.925269763+08 
E=- 1 .197 1 08 16 E+ 10 
F=9.285227283+10 
6=-4.249764963+11 
H = l .  21 919694E +12 
0=-2.224034243+12 
P=2.51118460E+12 
Q=-1.60332062E+12 
R=4.432868843+11 
AA=O . 5 

AC=27900 . 
DO 20 N=1,2 
HT=2 U. 0 
IF(N .EQ. 2) AT=360. 
UT=H T* AT 
s um=o . o 
DS=O. 
DO 1 I = 1 , 2 0 0  
DE(1)  =DS 
DEF (I) =DE (I) *DEPH 
IP(DS.GT.AA) GO TO 21 
S (I) =A+(B*DS) + (C*DS*DS) + ( D *  (DS**3 .) ) + (E* (DS**4. ) ) + (P* (DS**5.) ) + 

6 CONTINUE 

C STAINLESS STEEL COEFICIENTS 

5 CONTINUE 

ABS2 0 9 10 0 

12 CONTINUE 

1 (G* (DS**6.)) + ( H *  (DS**7.))+(0*(DS**8.))+ (P*(DS**9.))+ 



21 

22 

1 
2 

10 
11 

84 

2 (Q* (DS** 10.) ) + ( R *  (DS** 11 .) ) 
CONTINUE 
IP(DS.LE.AA) GO TO 22 
STRS= (AB*DS) + AC 
CONTINUE 
PORC ( I ) = S  ( I )  *AREA 
ACC ( I )  =FORC ( I )  /UT 
DO ( I )  =FORC ( I )  *DL 
SUHU=SUHU+DU ( I )  
ENER ( I )  =SUHU 
DS=D S+EE 
IP(ENER(I).GE.UT) GO TO 2 
CONTINUE 
CONTINUE 
J=I 
WRITE (6,1002) 
WRITE (6,1002) 
WRITE (6,1001) 
WRITE (6,1000) 
WRITE (6,1001) 
WRITE (6,1002) 
WRITE (6,1002) 
WRITE (6,1001) 
WRITE (6,1003) 
WRITE (6,1001) 
WRITE (6,1004) 
URITE (6,1001) 
WRITE(6,lOOS) ,RAD,TAR,DEPH,TLEN,AREA 
URITE (6,1001) 
WRITE (6,1002) 
WRITE (6,1001) 
WRITE (6,1006) 
WRITE (6,1001) 
WRITE (6,1007) 

WRITE (6,1008) WT,AT,UT 

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

WRITE (6,1009) 
WRITE (6,1001) 

URITE (6,1001) 

WRITE (6 , 1001) 

WRITE (6,1001) 

WRITE (6,1010) 
WRITE (6,1001) 

WRITE (6,1011) ,ACC (I) ,DEP(I) ,PORC ( I )  IS ( I )  ,DE ( I )  ,ENER ( I )  
DO 10 1=1,200 

IP(1.GE.J) GO TO 11 
CONTINUE 
CONTINUE 
WRITE (6,1001) 
URITE (6,1001) 
WRITE (6,1002) 
WRITE (6,1002) 
WRITE (6,1002) 
WRITE (6,1002) 
WRITE (6,1002) 
WRITE (6,1002) 



1 I 

WRITE (6 rc 1001) 
WRITE (68 1001) 
CALL Q # I K P L ( D E F , A C C , J , '  LINEAR','JoHoEVANS$g) 
CALL QUIKPL ( D E F 8 E N E R , J 8  ' L I N E A R ' ,  * J.H. E V A N S $  * )  
CALL QWIKPL(ACC,ENER,J, ' L I N E A R '  ,( J.H. E V A N S $ ' )  

20 CONTINUE 
STOP 
END 
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9 . 4  Typical  Operating and Inspec t ion  
Procedures f o r  TRU Californium 

Shipping Container  
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FORM TRU-5740-5 

TRU CALIFORNIUM SHIPPING CONTAINER 
UNLOADING PROCEDURE 

INCOMING SHIPMENTS 

MULTIPLE BASKET ITEMS OR 
SINGLE SHIPMENT ITEMS 

Page 1 of 2 

AEC-OR USA/ 5 74 O/BL 

Date: 

Material Received: 

No. Packages : 

Type Packages: 

Shipper: 

Radiation Data: H.P. Representative: 

Contact 6 ft 

Gamma, mredhr 

Neutrons, mredhr 
Total, mrem/hr 

Contamination dpm, alpha 

dpm , bet a- gamma 

- Date EY 

1. Carrier moved from trailer into Bldg. 7920. 

Items - 2 through 2 require H.P. surveillance. 

2.  Remove top cover plate. 

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

4. Remove top plug - top loading port shield remains 
attached t o  top plug. 
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- Date 9 
FORM TRU-5740-5 
Page 2 of 2 

5. Complete pre-move check on TDF: 

A .  A i r ,  water, power disconnected: 

B. Transfer  l i n e  disconnected: 

C .  

D. Valve i n  TDF closed: 

Slug chute  closed - handle removed: 

6.  Move TDF t o  s t a t i o n  above carrier. 

7. Open valve i n  bottom of TDF. 

8. Lower proper t o o l  from TDF i n t o  c a r r i e r  - engage 
basket o r  s i n g l e  i t e m  and l i f t  i n t o  TDF. 

9. Close bottom va lve  on TDF. 

10. Move TDF back t o  upper s t a t i o n .  

11. H.P. survey carrier t o  determine t h a t  c a r r i e r  is  
empty. 

12.  Clean a l l  carrier p a r t s .  S tore  i n  p l a s t i c  bags. 

13. Contamination levels a f t e r  c leaning - dpm alpha 

Top plug: 

Carrier i n t e r n a l s :  

Spacers : 

14. Remove old shipping l a b e l s  from c a r r i e r .  

15. Cover open top of carrier with p l a s t i c  o r  b l o t t e r  
paper. 

16. R e i n s t a l l  top va lve  ac tua to r  rod assy.  and t i g h t e n  
b o l t s .  
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FORM TRU-5740-7 
Page 1 of 3 

MULTIPLE SHIPMENT LOADING PROCEDURE 

TRU CALIFORNIUM CONTAINER 

AEC-OR USA/5740/BL 

Date: 
Material to be Shipped: 
TRU Shipment No.: 
Number of Packages : 
Type Packages : 

Date 2Y 
Contamination levels after cleaning carrier components. -- 1. 

dpm, alpha 
Top loading port shield 

TOP Plug 
Basket 
Carrier internals 

Transfer multiple shipping basket to decontamination -- 2. 
facility (TDF) . 

3. - - Load and record package positions: 

dpm alpha smear 
Position No. 1 
Position No. 2 

Position No. 3 

Position No. 4 
Position No. 5 

Disconnect air, water, power, and transfer line from 4. - - 
TDF . 
Check that valve in slug chute is closed. 5 .  - - 
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- Ilr Date 
FORM TRU 5740-7 
Page 2 of 3 

Remove hand le  from s l u g  c h u t e  v a l v e .  ~- 6. 

Check t h a t  v a l v e  i n  bottom of TDF i s  c l o s e d .  7 -  - - 

-- 8.  Have r i g g e r s  move TDF t o  load-out  s t a t i o n .  

Open v a l v e  i n  bottom of TDF. 9.  - - 

With H.P. s u r v e i l l a n c e ,  lower loaded b a s k e t  i n t o  10- - - 
c a r r i e r  c a v i t y .  

Move TDF back t o  Cell 1 p o s i t i o n .  -- 11. 

Check c o n d i t i o n  of s e a l i n g  s u r f a c e s  and O-ring on 12. - - 
t o p  i n n e r  p lug .  

Put  t o p  i n n e r  p l u g  i n t o  carrier, be ing  c e r t a i n  t o  1 3 -  - - 
o r i e n t  s h a f t  t o  engage b a s k e t .  

Torque t o p  i n n e r  p l u g  b o l t s  t o  100 i n .  l b s .  14. - - 
Check s e a l i n g  s u r f a c e s  and O-ring on t o p  l o a d i n g  15. - - 

p o r t  s h i e l d i n g  p lug .  

I n s t a l l  t o p  l o a d i n g  p o r t  s h i e l d  p l u g .  1 6 -  - - 
Torque t o p  l o a d i n g  p o r t  s h i e l d  p l u g  b o l t s  t o  80 i n .  l b s .  

Check c o n d i t i o n  of s u r f a c e s  and g a s k e t  on o u t e r  cover  18. - - 
p l a t e .  Comments: 

I n s t a l l  o u t e r  cove r  p l a t e  with lock washers in place. 
Torque b o l t s  to 100 in. lb. 

1. General  c o n d i t i o n  of c a r r i e r :  

2 .  Old s h i p p i n g  l a b e l s  removed: 

19 -  - - 

20. - - 
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FORM TRU 5740-7 
Page 3 of 3 

21. Radiation Data -Obtain and Record - H.P.  Representative: 

Contact 6 ft Driver 

Gamma, mrem/hr 
Neutrons, ni, mrem/hr 

nf, mrem/hr 
Total, mrem/hr 
Contamination dpm, alpha 

dprn, beta-gamma 

Date Ilr 

22. Shipping letter included: 
1. Inside carrier top cover: 
2 .  Inside trailer tool box: 

-- 

Carrier moved to trailer. 23- - - 
Install anchor bolts. 24- - - 
Install anchor bolt safety wires. 25. - - 
Install cables. 26. - - 
H.P.  transfer tag attached to carrier. 279 - - 

28. Trailer tool box check list: 1. Source lifting tool: 
2 .  Index plate: 
3 .  Tool box locked: 
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FORM TRU-5740-8 
Page 1 of 2 

TRU TEN-TON CALIFORNIUM SHIPPING CONTAINER 

BIENNIAL INSPECTION CHECK LIST 

CONTAINER 

1. Inspection of Welds (Visual): 

Welds on spherical  body: 

Welds on top f i n s :  

Welds on bottom f i n s :  

Baseplate welds: 

Welds needing more inspection: 

2. Fusible Plugs: 

Top cover p l a t e :  

Bottom cover p l a t e :  

Concrete pour opening: 

3. Pressure Check: 

Remove top cover p l a t e .  

Remove bottom cover p l a t e .  

Check t h a t  b o l t s  on top inner plug a r e  torqued t o  
100 in .  lbs .  

Check t h a t  b o l t s  on bottom inner plug are torqued t o  
100 in .  lbs .  

Connect 15 psig a i r  supply, gage, and exhaust valve 
and f i l t e r  assembly t o  quick disconnects i n  top. 



FORM TRU 5740-8 
Page 2 of 2 

Apply 15 p s i g  p re s su re  t o  c a v i t y  and c l o s e  i n l e t  valve. 

P s i g  Af t e r  30 min observe pressure :  

If p res su re  has  dropped, check test equipment f o r  leaks 
using soap s o l u t i o n .  

I f  test equipment is o.k. ,  check top  and bottom O-ring 
seals b 

Top : o.k. l e a k  

Bottom: o.k. ,  l e a k  

Release a i r  p r e s s u r e  from system. 

Obtain H.P. a s s i s t a n c e .  

Remove top  and/or  bottom i n n e r  plug.  

Inspec t  O-ring and s e a l i n g  s u r f a c e s .  Comments: 

A f t e r  making needed r e p a i r s ,  o b t a i n  another  copy of t h i s  form and 

r e p e a t  p r e s s u r e  test. 
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General h i o r m a t i o n  
1. Or ig in  (Division 2. Des t ina t ion  
3. Method of T ranspor t  4. Weight 
5. S p e c i a l  I n s t r u c t i o n s  

Spec ia l  I n s t r u c t i o n s  Co:ipli?d by 

Rad ioac t ive  Contents  
1. 

2. Spec i fy  (a1 N o m 1  Form 0 (6) Spec ia l  Form 0 Spec ia l  Form No. 

All major a c t i v i t i e s  i n  c u r i e s  and/or  mans 

6 1  F i ' s s i l e  D (d) Non-Fissile 0 
3. Rad ioac t ive  Hatertal Form: S o l i d  Liquid  Gas 

4. Heat Load (watts}.: Ca lcu la ted  - Estimated BY 

Shipping Con ta ine r  
1. AEC C e r t i f i c a t e  of Compliance N o .  AEC-OR-USA _________ _- 
2. DOT S p e c i f i c a t i o n  No.- 3. Nuclear Safe ty  Revier? No.- 
4. Con ta ine r  determined proper  f o r  con ten t s  8y Date 

I n t e r n a l  Con ta ine r  
1. I n t e r n a l  Containment: Glass B o t t l e  a P l a s t i c  B o t t l e  n "2R" [7 Conoseal 0 

Welded Capsule <spec i fy  capsu le  m a t e r i a l )  17 
Other e x p l a i n )  n 

2. Contamination l e v e l  on i n t e r n a l  con ta lne r :  Estirnntcrl- Smcared 
3. R a d i a t i o n  l e v e l  from i n t e r n a l  conta lner :  Measured ___ Calcula ted  
4. Gaske ts  or seals (valves) p rope r ly  i n s t a l l e d  BY 
5. Leak tests of i n t e r n a l  con ta ine r  BY 

External Cont&iner  

2. E x t e r n a l  c o n t a i n e r  examination- 
3. Gaskets  o r  seals prope r ly  i n s t a l l e d  -- Y c:s %-.---- 
4 .  Leak test Y e s  BY 
5. B o l t s  to rqued  to f t  lbs BY 

1. Moderator and neu t ron  abso rhe r  p re sen t  f o r  f i s s i l e  material? Yes 
Y e s  1 1 L---- 

He,: 1 J-J .g- 6. T i e  down t o  s k l d  checked 
7. Tamper seal  i -ns t a l l ed  
8. 

Rad ia t ion  Survey 
dpm, 6-v dprn 1. Sur face  contaminat ion  l e v e l :  Alpha 

2. E x t e r n a l  r a d i a t i o n  l e v e l  mrenlhr e contac t  

3. Domestic shipments isrern/hr (? 3 f t  from surfacc 
4 .  Fore ign  shipments nrern/hr (? 1 meter from center  
5. Hea l th  Phys ic s  Surveyor Date 

Truck Tie-Down and S h o r i n g  

Lid  eye  b o l t  removed and wired  t o  t h e  o u t s i d e  of t h e  c a r r i e r  Yes BY 

1. Tie-dum and s h o r i n g  checked by ( Inspec t ion  Engineering) 

Shipment Approved By 
Date 

TX-4623 (Revised 9/74) 
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