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SAFETY ANALYSIS REPORT FOR PACKAGING: 
THE ORML TUNGSTEN-SHIELDED CASK 

ADDENDOh 1 

J. H. Evans 
R. V. Nouring 

ABSTRACT 

Described here are the modifications of ihe Oak Ridge 
National Laboratory (ORNL) tungsten-shielded cask necessary 
when the cask is used to transport materials of greater 
activity and heat load than those specified in the original 
Safety Analysis Report for Packaging (SARP) for the cask. 
Also included are tho data and documentation to demonstrate 
that the cask complies with the regulations governing con­
tainers in which radioactive and fissile materials are 
transported, even under the previously stated circumstances. 

0. GENERAL INFORMATION 

0.1 Introduction 

The ORNL tungsten-shielded cask was developed at the Oak Ridge 
National Laboratory (ORNL) in 1967; 12 casks were built and are currently 
in use. The design was analyzed, and a Safety Analysis Report for 
Packaging (SARP)1 was published in 1977 to demonstrate compliance with 
the regulations governing containers in which radioactive and fissile 
materials are transported.2'*1 It has become necessary to use the cask 
to transport contents (Type B and large-quantity radioactive materials) 
which emit more gamma radiation and have higher heat-generation rates 
than those contents specified in the original SARP. Calculations, 
engineering-logic test results, packaging modifications or additions, 
and all related documents that demonstrate compliance with the regulations 
are presented in subsequent sections of this addendum. Copies of the 
approval documents are presented in Appendix A. 

1 



2 

0.2 Package Description 

0.2.1 Container description and Modifications 

Each cask as described in the SAEP has been Modified only by the 
addition of a 1-in. pipe welded to the lid to ensure position of the 
contents. Also, a tungsten insert to provide additional shielding, a 
personnel heat shield to reduce accessible surface teaperature, and a 
skid to facilitate handling have been added. The package is illustrated 
in Fig. 0.1, and as-built fabrication drawings *re in Appendix B. The 
weight of the cask and insert is 404 lb. The weight of the total 
assembly is 565 lb; that of the basic cask reaains 381 lb. The tungsten 
insert weighs 23 lb, the heat shield 70 lb, and the skid 91 lb. The 
center of gravity remains essentially at its original location. 

0.2.2 Operational featr/es 

Operational features of the cask reaain unchanged except that the 
heat shield renders the four 3/4-in.-diaa holes in the gusset plates 
Inaccessible for lifting or tic-down during transit. The skid has pro­
visions for forklift handling of the package. 

0.2.3 Contents 

In addition to the contents specified in the original SARP, the 
cask with insert, heat shield, and skid in place will be used to ship 
nonfisslle radioisotopes in solid form with a maximum internal heat 
load of 50 W. The radioactive materials will also be Halted by com­
pliance vith the external radiation levels specified in Department of 
Transportation (DOT) regulations. All radioactive materials will be in 
special form containers, as described in the SAR?. 

0.2.4 Materials of the modification* 

Modifications to the cask include the addition to the lid of a 
1 in., sch. 40, stainless steel pipe capped with a 1/8-in.-thick stainless 
steel plate welded all around. The tungsten insert is of 18.6 special 
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grade tungsten alloy pressed and sintered with nickel-iron alloy as 
specified in Y-12 Technical Data Sheet No. 2.6.4. 

The 1 x 1 x 1/8 in. rectangular tubing and 16-gauge expanded sheet 
added to the personnel shield are of carbon steel. The bolts, also 
of carbon steel, are 1/2-13 UNC-2, 2-l/4-in.-long bolts. 

All components of the skid, the plates, channels, spacers, clamps, 
nuts, and bolts, are of low carbon steel. The bolts are 1/2-13 UNC-2, 
1-3/4-in.-long bolts. 

1. STRUCTURAL EVALUATION 

For the purpose of structural evaluation, the effects of the per­
sonnel shield and skid will be neglected, except as outlined in the 
following discussion. This represents a conservative approach because 
these components protect the cask and would have a cushioning effect in 
any impact. The tungsten insert and the effects of the weight increase 
attributable to it are considered. The original evaluations affected 
are recalculated in Table 1.1 and are referenced to section and page 
number in the SARP. All stresses, etc., are below the acceptable limits. 
The impact calculations were also made using the increased weight. 
The changes in cask response are presented in Table 1.2. Changes are 
small and do not alter the conclusion reached in the SARP. The personnel 
shield makes the lifting lugs inaccessible for the tie-down; hence, fhis 
calculation was not made. When in transit, the cask AS secured by the 
same techniques as conventional cargo without lifting lugs. 

2. THERMAL EVALUATION 

The increase in internal heat load would cause the surface of the 
cask proper, without the personnel shield, to approach or slightly 
exceed the normal operational limit of 122°F specified in the regulations. 
With the personnel shield in place, the shield becomes the accessible 
surface, and famperatures are well below the operating limits. During 
the first week of October 1978, testing was conducted on a modified 



Table 1.1. SARP changes caused by increase of cask weight 

Page Report section Equation Calculation with 
previous weight 

Calculation with 
new weight Remarks 

8 1.2.2 °b a P/dt 3 050 psi 3 232 psi 

9 1.2.3 0 - P/A 14 750 psi 16 160 psi 
14 1.3.1 U) * 5(W/L) 140.8 lb/in. 149.3 lb/in. Equation is in 

Fig. 1.4a 
15 1.3.1 o - Mc/l « 5(WL ?r 0/8I) 270 psi 286 psi 
27 1.4.7 c m 5W/TTD t o 301 psi 320 psi 

35 1.5.2 U m Wh 15 240 in.«lb 16 160 in.-lb 
37 1.5.2 7.48 x 10- 5 7.94 x 10""1* See pp. 35-37 

for discussion 
37 1.5.2 8.84 x 10" 3 8.85 x 1 0 - 3 See pp. 35-37 

for discussion 
38 1.5.2 a max m oAg/W 5 417 x g 5 111 x g 



Table 1.2. Coiapariaon of cask reaponaes for previous weight and new weight 

Page Report section 
Drop condition Calculations with 

previous weight 
Calculations with 

new weight 
Page Report section 

Orientation of impact Height 
(ft) 

Specific energy 
(in.-lb/in.') 

Ac celeratlon 
(x if) 

Deformation 
(in.) 

Acceleration 
(y g) 

Deformation 
(in.) 

24-26 1.4.6.2 Top corner (with 
center of gravity 
corner) 

4 70 000 
230 000 

380 
597 

0.3028 
0.184 

396 
641 

0.3234 
0.2008 

30-32 1.5.1.2 30 70 000 
230 000 

1 250 
•> 050 

0.69 
0.42 

1 264 
2 100 

0.7152 
0. '.474 

22-23 1.4.6.1 Top 4 1 875 0.053 1 879 0.056 
28-29 1.5.1.1 30 3 360 0.176 3 286 0.183 
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tungsten cask with insert, personnel shield, and skid in place 
(Appendix C). The testing was conducted indoors with an aabient tempera­
ture of 71*F. The cask was loaded vith a 47.4-W 1 9 2 I source and allowed 
to reach equilibrium. The temperatures corrected for a 50-U source and 
100*F ambient temperature are 110'F at the top of the personnel shield, 
110"F at the side of the personnel shield, and 115*F at the bottom of 
the personnel shield. Because the temperatures were too low for signifi­
cant radiation heat transfer, the temperature corrections were made on 
the basis of free convection alone. The corrected temperatures of the 
contents are well below the special form test temperature.2*3 

The additional internal heat load would not significantly affect 
the results of the thermal accident (fire) 2* 3 because, as described in 
the otiginal SARP,1 the cask approaches the fire temperature of 1475°F. 
As a result of its small weight, the cask has little heat capacity. 

3. CONTAINMENT 

The containment boundaries for the package are not altered or 
affected by these modifications. 

4. SHIELDING 

The shielding outlined in the SARP is supplemented by the tungsten 
insert. Radiation readings were taken on a tungsten-shielded cask 
loaded with a 47.4-W l 9 2 I source (Appendix C). The radiation readings 
extrapolated for a 50-W source are 36 millirems/hr at the top of the 
personnel shield, 25 millirems/hr at the side of the personnel shield, 
and 5.3 millirems/hr at the bottom of the personnel shield. The highest 
radiation reading at a distance of 1 m was 2.1 millirems/hr. These 
readings are well within the allowable radiation dose-rate limitations 
of the DOT.1* 

« 
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5. CRITICALITY 

Criticality evaluation is not necessary because no fissile materials 
are to be transported in :his cask. 

6. QUALITY ASSURANCE 

Engineering quality assurance procedures established by Union 
Carbide Corporation, Nuclear Division (UCC-ND), which comply with the 
guidelines described in Chap. OR IMD 02XX of the DOE Manual^ were used to 
ensure the quality of the addition to Che package. The necessary modifi­
cations to the cask as well as the inspections needed to ensure compliance 
wirh these specified modifications are outlined on the drawings in 
Appendix B. 
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TC 78-1 
INTRA LABORATORY CORRESPONDENCE 

OAK RIDGE NATIONAL LABORATORY 

June 13 , 1978 

To: J. H. Evans 

Subject: Approval of Safety Analysis Report for Packaging: The ORNL Tungsten-
Shielded Cask, Addendum 1 

The draft (received June 1, 1978) of the subject SARP has been 
reviewed by the Transportation Committee. The SARP is approved for technical 
content and approach — for submission to DOE. Comments from individual 
members of the Committee have been forwarded for consideration. 

E. M. King 
Transportation Committee 

cc: Committee Members 
G. H. Burger 
J. A. Cox 
J. H. Evans 
R. W. Schaich 
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Fig. B.3. As-bullt drawing of the shipping pallet for the ORNL 
tungsten-shielded cask. 



r 

Appendix C 

TESTING OF TUNGSTEN-SHIELDED CASK WITH PERSONNEL SHIELD 

i 



23 

INTRA LABORATORY CORRESPONDENCE 
OAK KIIK,: NATIONAL LABORATORY 

To: John Evans Date: October 9, 197S 

From: R. V. Schaich 

Subject: TESTING OF TUNUSTEK SilIEIJ)ED CASK WITH l*tKsu..:'EL SHIELD 

A Tung en Shielded Cask with a tungsten insert was loaded with 8,320 
curies (47.4 watts) of iridium-192 to determine radiation and tempera­
ture measurements on the personnel shield (see attached). 

The radiation measurements were made by Health Physics personnel using 
a calibrated (9/6A78) Victoreen Model 440. 

Reading Position 

Top of personnel shield 
Side of personnel shield 
Bottom of personnel shield 
Highest reading 0 1 meter 

Radiation, mrem/hr 

34 
24 
5 
2 

The temperature measurement:; were made by R. U. Schaich using three cali­
brated thermocouples and Simplitrol Temperature meters at various points 
on the personnel shield after the cask temperatures reached equilibrium. 

Reading Position 

Top of personnel shield 
Side of personnel shield 
Bottom of personnel shield 
Ambient temperature 

Temperature, *F 

75 
75 
80 
71 

R. W. Schaich 

RWS:drw 

Attachment 
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a. Packaging: 

(1 ) Model: Tungsten-Shielded Cask 

( 2 ) D e s c r i p t i o n : 
The packaging consists of a right circular cylinder with a hemispherical hot ton. 
It has a maximum outside diameter of 16-in. at the base. The cask itself has 
an outside diameter of 8-in. The overall height is 15-1/4-in. Inner cavity 
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steel cladding outside and a 1/8-in. type 304L stainless sice! cladding inside. 
The gasketed lid consists of a 150-lb. flange to which the top shield plup is 
attached and is held in place by eight 5/8-in. studs and bolts. A capped 1-in. 
pipe is welded to the underside of t!ie cask lid to position the contents. Tin-
gross weight of the basic c-.sk is 381 lbs. 
A tungsten insert, heat shield, and skid are utilized for shipping radioactive 
materials havins higher internal heat loads and external radiation levels. 
The gross weight of the cask, insert, heat shield and skid is 56i lh. 
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U. S. Department of Energy Id*********.* " •*"*< 
Post Office Box E ' William H. Travis, Director 
Oak Ridge, Tennessee 37830 SaOity and Environmental Conirrl Division 
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C e r t i f i c a t e So. 5597 

(3) Drawings: 

The packaging is as described and fabricated in accordance with 
Oak Ridge National Laboratory Drawings Nc. M-11575-EK-OOI-E-
Rev. 2. /.3D11575-002, and X3D-115/5-003-Rev. 3. 

b. Contents: 

(1) Type and Form of Material: 

Non-fissile radioactive materials as solid and in special torn. 

(2) Maximum quantity of material per package may b< a large q̂ '.mtity 
and not to exceed 25 watts of the.in.il decay energy without the 
insert, heat shield, and skid anc! not *o exceed 50 watts of thermal 
decay energy with the insert, heat s. .=?ld, and skid. The radio.ictive 
contents will be further limited by authorized external radiation 
levels specified in Department of Transportation (DOT) Regulations. 

http://the.in.il
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