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SAFETY ANALYSIS REPORT FOR PACKAGING tSARP) OF THE 
OAK RIIJGE NATIONAL LABORATORY 

SHIPPING CASK D-38 

W D. Box. L. B. Shappert. R. D. Seagren. B. B. Kliraa*. 
C. R. Hammond**, and C. D. Watson C-

ABSTRACT 

An analytical evaluation of the Oak Ridge National Laboratory Shipping Cask 
l>-38 (solids shipments) was made to demonstrates compliance; with- tl-c 
regulations governing off-site radioactive material shipping packages. The evaluation 
encompassed Five primary categories: structural integrity. - thermal - resistance, 
radiation shielding, nuclear criticality safety, and quality assurance. The results of 
the evaluation show that the cask complies with the applicable regubtioas. 

I. INTRODUCTION 

The ORNL Shipping Cask D-38 was developed at the Oak Ridge National Laboranw\. 
The design was analyzed in I9681 and reevaluated in 1974 to demonstrate compliance with tb«. 
regulations. The results of the analyses are presented in Sects. 2 through 10 of ;his report. I he 
package was inspected to ensure that it was built in accordance with the drawings presented in 
Appendix A (Sect. I I.I). 

The primary use <>\ the containet is to provide shielding, impact icsistanc-.*. and thermal 
resistance for its contevus d'iring both normal transport and hypothetical accident conditions. 
The package is designed 'o ship fissile and large quinlwies of radioactive materials as solids. 
The package is authorized 'a be shipped by vessel and motor vehicle. It, complies with the 
Nuclear Regulatory Commission (NRC) regulations contained in the Code of Federal 
Regulations, Title 10. Part 7 I . J SRC Manual Chapter 0529.' and a!'. 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/ 

The package is also certified by the Department of Transportation as meeting the specific 
requirements of the International Atomic Energy Agency's (IAEA) "Regulations lor the Safe 
Transport of Radioactive Material." Safety Series No. 6. I%7 Edition. 

Calculations, engineering logic, and all related documents which demonstrate compliance 
with specifications are presented in subsequent sections of this repot i Copies of the approval 
documents are reproduced in Appendix B (Sect. 11.2). 

The shipping container was fabricated and originally assigned ORNL No. 4SI-I48. Later, 
the Department of Transportation assigned Special Permit No. 5787 to the container. An 
interim certificate of compliance ha> oeen issued by the DOE-ORO. 

•Retired. Current address: Roane State Community College. Harriman. Tennessee. 

**UCC-ND Engineering Division. 
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I.I Description of the Package 
c - -

The ORNl. Shipping Cask l>-38 (see Appendix A) is illustra:ed in Fig. I.I. The cask 
weighing 1350 lbs. consists of a 22-5 fc-in.-tall cylinder that has an outside diameter of 12-3 4 
in. and a cavity measuring 6-1 16 in. in diameter by 13-13 16 in. deep. It is shielded by 2-3 4 
in. of depicted uranium. The outside shell is 0.4l-in.-thkk (nominal) stainless stecL and the 
cavity wail is 0.28-in.-thick (nominal) stainless steel. The cask IKU a depleted uranium-filled 
closure plug that bolts into the top of the cask. This plug is sealed to the cask body by a 
neoprcnc gasket. The top of the cask is protected during shipment by a bohed-down shroud to 
pre-ent using the closure-plug lifting ears as tie-down points. The shroud is-labeled. "Do Not 
Remove Thb Cover During Shipping." The shroud nuts are secured by foc&wins and seals. 

The cavity has a drain to permit water removal should the cask be loaded or unloaded 
underwater. c 

The cask hay two l-in.-diam lifting trunnions, each of which has a 3 ft-in.-thick b> 
2-in.-widc outer support strap. The support strap '•% welded to the body and is given additional 
support by a triangular I 2-in.-thick gusset plate. 

Figure 1.2 shows the ORNl. Shipping Cask D-38 disassembled on its skid with all of its 
components marked. The cask, when loaded and assembled, is shipped attached to the skid by 
four I 2 in.-diam stainless steel bolts. 

(.2 Contents of the Package 

The cask is intended to be used to transport fissifc and large quantities of radioactive 
material in the form ui solids, including mixed fivsion products, fuel elements, and .waste 
products. The solids will be shipped in mcta1 capsules that have been scaled by welding, 
bra/ing. or swagging. These capsules will then be placed in a spec. 2R container (sec Sect. 7). 
"Special Form™ solids and "Special Form Containers" may be shipped in the inner cavity. The 
diamines of fissile materials carried are limited to 500 g of : t , l \ 350 g of "M,U. or : , , >Pu. or 
350 g of any combination. 

The radioactive material shall not exceed ;. maximum thermal decay cncrg% o| ,S0 W. 
Quantities greater than 20 W may be carried only if the package is transported in a vehicle 
reserved for the sole use of the consignor. The maximum quantities shipped will he limited by 
external dose rates' and or internal heat loads. 

2. STRUCTURAL EVALUATION 

The package complies with the structural requirements of (he regulations (sec Sects. 2-6). 
The calculations, test results, and engineering logic presented in the following sections 
demonstrate compliance with these pertorrvnee 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 Structural Design 

2. i. I />/\i f/\W<»H 

lh>; as-built drawing for the P-3S cask is shown, and all other applicable drawings are 
listed in Sect I I.I. I he principal structural members of the cask are: (ll the cylinder ol cast 
uranium, which forms the cask body and its stan.lcs, steel cladding: and t2) the closure plug, 
which consists of one piece ot uranium also clad with stainless steel plate. 

!i. • uranium used to fabricate the shielding for this cask was depleted to 0.2'i ~"l . 

2.1.2 Fabricationprocedure 

Cask body, the 300-scrtes stainless steel outer shell of the cask was fabricated using 12-in. 
>ched 30 pipe to which was welded the 3 8-in.-lhick bottom plate and the lilting trunnions. 
After assembly of this wcldment. the interior of the outer she'! was machined to ensure :s 
10-mil-dtam clearance between it and the outer diameter of the uranium casting. 

The 30()-serics stainless steel inner shell and top were welded as a unit: the outer di;:mUcr 
of the shell was then machined to ensure a 10-mil-diam clearance bet wee ;i it and the inside 
diameter of the uranium casting. 

I he hole lor the drain tube was machined into the uranium casting: the entire casting was 
inspected for Haws, c.acks. and other discontinuities and was found to be suitable for the 
shield of the D-3K cr.sk. 

I he uranium casting was assembled inside the outer shell: the inner shel! was then inserted 
into place. I he drain tube was inserted in'.o its prepared hole, and a seal weld was male to 
join th-; inner shell and the drain tube. After inspection îf the weld, the exterior .if the drain 
tube was seai welded lo the outside of the cask. After inspection of the second weld, the final 
seal weld was run between the top of the outer shell and the top plate of the inner shell: this 
weld was not a fuM-penetraiion weld.* 

Cask cover. I he closure plug was constructed in th; same manner as the body. The top 
plate and outer shell were machined after fabrication to provide a 10-mil-diam clearance, 
between the uranium casting and the plug assembly. After assembly of the uranium in the 
plug, the bottom closure plate was seal welded to the plug: this was not a full-penetration 
weld. 

2.1.3 Lillet u< /urination 

At an interlace >l stainless steel and uranium, an alloy with a melting point of about 
1340 I can he formed under certain conditions. In the D-3H cask, this possibility is minimized 
because ol the gap designed into the cask between the stainless steel weldmcnt and the uranium 
shield. Helium was used to fill the gaps between the uranium shield and the stainless steel 

These welds were not full-penetration because of the differences in thickness ol the iw.> pieces 
ol metal being joined. However, the welds are sound. 

http://cr.sk
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ucldmcnt. I he helium atmosphere prevent* oxidation o( the uranium metal. 
lests have shown that after a sample sandwich of 304 stainless steel and uranium was 

heated to 1475 K lor I hr. a small amount of cuteciic was formed.* It should be noted that in 
this test sandwich, the surfaces of the stainless steel and the uranium '.ere honed for intimate 
contact. In the D-3J* cask there is a 10-mil gap between the compo»..:«i parts; since stainless 
steel has a greater thermal coefficient of expansion, this gap will increase slightly between the 
outer shell and the uranium shield (see Table 2.1 in Sect. 2.3). 

The fire in the "hypothetical accident" (discoid in Sect. 6.3) is of only a 30-min 
duration, and it is possible that some eutcctic will bv. formed; however. (I) the removal of 
metal due to the eutcctic frrmation is expected to be less than I 4 in., and the casjc shielding 
would Mill be adequate to shield the source without exceeding the; requirements of NRC 
Manual. 0529; and (2) the tests6 indicate that insufficient cuL.tic wouMJ!ii||tjnricd under ideal 
conditions in a 30-min tire to erode through the sched 10 outer stainless steely 

2.1.4 Thermal i-y fling growth 

I he uranium metal, as cast, probably has radially orientated columnar crystals. Under 
adverse thermal cycling conditions, this type of crystal orientation could pr»/duce some 
alterations in the dimensions of the uranium castings. It has been noted that if the top 
temperature'of cycling ne cr exceeds 300 to 350 C" (572 to 662 V). growth b> thermal cycling 
* neglible.7 The temperatures experienced in normal transport are well below that range. The 

ici.ipcratures associated with the hypothetical accident thermal test arc above that range, and a 
change in the si/c of the uranium castings can he expected. Should an actual fire befall the 
cask, the change in uranium casting si/c will depend on the rate of temperature rise, the 
duration and top tcmpcratiiic reached, and the rate of cooling. In any case, one cycle in which 
thermal ntcheling occurs will produce no effect on the integrity of the cask since the thermal 
expansion stresses will he at a minimum due to the slighter greater coefficient of stainless steel 
I see fable 2.1). 

2.2 Cask Weight 

I he weight of the package, its parts, and the contents are shown in fable 2.2. 

2.3 Mechanical Properties of Materials 

The mechanical properties of uranium and stainless s -d are summarized in fable 2.1. 



Table 2.1. Mechanijal properties of uranium 
and stainless steel 

Stainless steel 
Properties Symbol 300 series Uranium 

Static properties 

Tensile yield stress, psi "y 3 b 

3Q x 10 3 C 

25 x 10 

Allowable shear stress, psi T 
a 

3 a 

15 x 10 

UltiiTjate shear strength, psi X 
u 

6 b 

61 x 10 3£ x 10 3 

Young's modulus, psi E 6 b 

30 x 10 24.7 x.l0 i c 

Poisson's r̂ tio J 0.3b / , 6.23C 

3 
Weight densit/, lb/in. Y 

i 
0.2G3fc - 0.69f 

Thermal txpansion coefficient, F a 9.6 x 10 ° 8.04.r lO"68 

Dynamic properties 

Specific energy, S min 10 x 10* 6 4 x 10^ 
in.-lb/in.3 '; max 26 x 1 0 4 e 12 x 10 4* 

Beta heat treated and oil quenched. 
The International Nickel Company, Inc., Mechanical ana Physical Prope--
ties of Austenitic Chromium-Nickel Stainless Steel at Ambient Tempera-
tur es, 1963. 
A. :.'. Holden, Physical Metallurgy of Uranium, Addison-Wesley, Reading, 
Mass., 1958. 
Fifty percent of tensile stress. 

eJ. A. Boutlet, J. H. Evans, and K. K. Chipley, Safety Analysis Report for 
Packaging: The ORNL Uranium-Shielded Shipping Cask, ORNL/ENG/TM-4 (1977). 
Handbook of Chiuistry tnd Physi.s, 45th ed., Chemical Rubber Co., 
Ck-voland, 1964. 

gC. R. Herrington and A. E. Ruehle. Uranium Production Technology, Van 
N'os'rand, New YorJrr 1959. 



¥i ! 
Table 2.2. Wights of cask and contents 

Weight 
(lb) 

Shroud 

Cask body (without closure oluy,) 

Closure plug 

t 

it of. contents 

50 

U00 

»piwg-_ weight 

"f »,-,' '-

2-3.1 Dynamic pwpenie.\ of uratr'um 

, The literature contented little data concerning the dynamic compressive propert.es of 
uranium; I nvever, tensile strength data were found in refs. 7-10. Tnc uranium in the ()-3S 
shipping containers was cast in a graphite mold, and the grains in the casting arc probably 
aligned. Tensile strength data for this material are plotted in rig. 2.1. Conservative 
approximations for these data are shown in Figs. 2.1 (dashed line) and 2.2. Figure 2.2 also 
shows compressive curves obtained by multiplying the tensile stresses by (I + f) (I - t). It is 
assumed that the true stress-strain properties of the material arc ti.e same for tension and 
compression 

http://propert.es
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Fig. 2.1 Tensile strength data for uranium. 
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2-3.2 Slwar strength <>/ uranium 

Information on the direct measurement ol the ultimate shear sttcngth of uranium was 
unavailable in the luerature: however, rcf. I '• indicates that, in general, ultimate shear strength 
is approximately IV, of ultimate tensile srength. Furthermore, since tensile specimens general!} 
fa;! along a plane inclined 45" from the specimen axis, the ultimate shear strength (.-„> i> found 
as follows; 

r. = o.cos 45* = tSitJOOOHlKl) = 35.000 psi. (I) 

where 

o» = ultimate tensile strength. 50.000 nsi. 

. . . " C 

3 GENERAL STANDARDS FOR A l l PACKAGES 

The general standards for all packaging jover the chemical and galvanic reaction <>i IIK 
materials of the package, closure of the package, and the lifting and tic-down devices toi 'he 
package. 

3.1 C'heniical and Cialvanic Keactio-is 

The package is fabricated from stainless stc I and depleted uranium. The oxid;.ti«>n ot 
uranium in air at elevated temperatures was recognized ir< the doign: therefore, the atmosphere 
that is used to envelop the uranium is helium. The uranium is completely crad with siainlcs-
steel plate. The cask was built using full penetration welds; the exception was the final closure 
weld in which penetration was about 0.5 in. Recently, the shielding cavity was evacuated to 
determine trui, no weld had failed during previous operations with the cask and to backfill 
with helium to prevent oxidation of the uranium. Ihus. no oxide film should form on the 
uranium. 

When uranium is in contact with stainless steel, it exhibits a tendency to alloy at the 
interface at a temperature of about lJ4ff'E (sec Sect. 2.1.3). Dnder normal conditions ol 
transport, cask temperatures should not exceed 300- E. Therefore, no reaction between the 
uranium and the stainless steel is possible. 

The fissile and radioactive contents of the package arc in solid form and arc contained in 
inner containers (see Sect. 8). "Special Form" material may also be shipped in this package a> 
wHI as material in "Special Form containment." These containers and material will be in 
contact with the stainless steel cladding and will not react with the cladding. 

Experience and inspection have indicated no chemical, galvanic, or other reaction between 
the cladding and the containers, or between the containers and their solid contents. 
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3.2 Package Cloture 

I he standards specify that trie package shall he equipped *'fh a positive closure that w. ' 
prevent inadvertent openinr I he package closure is hekl in place hy eighteen I 2 i«i, hy J3-NC r 
studs. Two of the studs are short and the nuts rest directly on the top flange of the closure 
plug. I he «:iher 16 studs have a 3 4-in. t; by l-l X-irt.-Ol) space. between the p tu | tG£i 
llangc and the nut to provide an increased energy. cbMwplton capacity. Six. ot the taller studs 
are extra long to allow space tor the protective shroud and the additional nuts t!*u will hold 
this shroud in place. All of the studs are drilled and tne nuts arc slotted so that each nut can 
be equipped with a seal wire. I he cask closure is sealed with a I K-in.-thick neoprenc gasket. 
Ihus. with the nuts of the cover and the shroud safety wired, this package is equipped with a 
positive closure that will prevent inadvertent opening. 

3.3 Package Lifting Devices 

II there is a system of lifting devices that is a structural part ol the package, the 
regulations require (hat this system shall he capable of supporting three times the weight <>' 'he 
loaded package without generating stress in any material of the package in excess ol us yield 
strength. 

3.3.1 Ca\k liliing iwtu:u>m. 

I wo cask lifting devices are provided in the lorm of radial trunnions, each fitted into 
holes in the cask ou'er shell and supported outboard by a 2-in.-wide. 3 S-in.-thick strap. It is 
assume! ihat only one of theu* devices will be use! to lift the loaded cask, l ig' i ie 3.1 shows 
two vicw\ ot a trunnion and support. I'he load r^uircd to support the c • * will he on-line 
thtough the centcr-ot-ma >s ol the ti-sk. and the trunnion as shown ir. fig. 3.2. The 
ccntcr-ol-mass » a . assumed to be midway between the top plate o; the shielded plug and the 
bottom of the base plate on the central axis of the cask. This point is "-I0.75 in. above tlie 
ha-.e. I he lifting force is oriented 36 to the plane of the base plate, which is liken to be the 
horizontal datum. I his force carr be resolved into two components. F« - 3J# cos 36' in the 
reference horizontal plane and K ~ 3W, cos 36 perpendicular to the reference plane, where W 
is the weight of the loaded package. 

The component rY is resisted by both the outboard strap and the cask wall at the 
trunnion. Since the load is applied near (he strap, the strap ab> >rbs all of the load. Suppose 
further that the entire load. FY. is distributed uniformly over the trunnion-bearing area, as 
shown in fig. 3.3. The magnitude ot the distributed load. w. is 

w = 3W,in36 /. - 3(1350 lb) sin 36° I in. = 2380 lb-in.. (2) 
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Fig. 3.2 Lifting configuration for analysis. 



r 

15 

ORNL DWG 78-'7801 

• ; 

i c . 

Pig. 3.3 Trunnion outer support strap. 
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I hit load is rcsh!cd essentially bv z curved Kam spanning (he hubr-'intn which the trunnion is 
fixed. It follows thai the mor-t severe moment LS given by w/,* r i the most severe shear is 
expressed bv -w /. 2. 1 he critical locations on the beam are at the fixed ends. 

Stresses 1» the curved beam ire cak ulatcd using equations obtained from J. T. Oden.'" For 
convenience, these equations have been included ia Appendix G. Ihc maximum stress normal 
to a cross section of £~ae beam occurs at the tower face where 

c f 

I 
m K2.4 I2-3S0fir 

12 13) 

- I6J0U psi. 

:fi^^S^^^#J 
are zero at this location: consequently, the maximum shear stress from Mohrs 

(16.300 psi 2) = X200psi. (3a) 

In a curved beam, the point where the shear stress on a cross section is greatest is not 
known a priori. It was ncccssai) to calculate stresses at many points using if. program 
described in Appendix (• to find the greatest shear stress: the numerical coefficients used in 
f qs. (4>. (5). and (r>) were calculated using this program. The greaiest stress in this case was 
located 0.~,«)7 in. below the ccatroid of the cross section, there, the shear stress was 

= 10.200 psi. 

<4» 

This shear was a.xompanicd by a normal stress of 

'•-"*•(£). • 5) 

= 2300 rxi. 

and a radial stress of 

o t = 11.44 m (6) 

2300 psi. 

t* 

I 
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From Eqv (4>. i5>. and (6) and using Mohr's circle indicates 'ha; the ir-ximum &hear stiess b 

sw. = 10.200 psi. |6a) 

Ail of the stresses in tbe tninnion support strap are hd>m the allowable ^hear stress. 14.000 
psi. from Table 2.1. 

As shown in Fig. 3.1. the strap is connected to thr cask through 1,4-in. fillet welds and to 
a gusset plate through 3 16-in. fillet welds.' Bending deformation of the welds b. minimized by 
thc constraint provided by the trunnion and gusset, so pure shear in wdds b assumed. The 
total area of weld roots b therefore: 

50» 

= 2.02 in1 

The average shear stress at the weld root b then 

3% 3(1350) 
A 2.02 

T " ~ = -T7Tr- (X, 

*-20U0psi, 

which is well below the allowable limit. 

The welds between the trunnion and the cask must resist pull-out from the force F* (sec 
Fig. 3.2). From Fig. 3.1, the root area of the weld is 

A = *[(0.5 + 0.25cos45*)J (0.5) : | W 

-0.6S4 in 1. 

The shear stress generated in the weld is 
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_3W cos 36* 3(1350) cos 36° 
A 0.654 

c = 5000 pay 

which is below the allowable hmh. -" Z

 r '". '-] - ^ - ' « ^ M S M & # ^ 
If the entire 3W load were appibed at the midpoim of the trunnion and no 

gwonr to supports to rrsist mooicnts, i ^ the majntesin nwinett m die trminm w b ^ l ^ 
" i - "" O r - - . -
•-. " = - " - C . . ' " -J . C 

c-C. 

V - *• = unsupported length. • "- ~ 
C 

the maximum normal stress, abo a principal stress, would be 

'•y-'M 

g_Mc_[(3W£/4)<l/2) 3(1350) 
"•/ J */4(l/2)* ~#(I/2) J 

^10,300 psi, 

(12) 

where 
c = distance from neutral axis to the extreme fiber, 

/ = is moment of inertia of the trunnion. 

Other principal stresses at that point would be zero, and the maximum shear stress would be 
i 

w = KUO072 « 5200 psi. (13) 

According to Roaric and Young", the highest shear stress on any cross-sectional surface in 
% solid circular cylinder is 4/3(V/A), where V is the shrr force and A is the area of the 
section. For the 3jy load on the trunnion, 

T " 
W W / \0 .654 / 

4100 p»i. 

(14) 



% ^ ^ ^ ^ ^ ^ ^ ^ - v - ^ 

Since this shear occurs 
that "; 

• - ". vswSiSVrr 1 1 1 . * L « # : .. » *X' V J—,'"*^?N 'i#i?Sk-

WOVttf 
:>^»l»:^^^^M 

W9T-.V-; 

f£~> 

S^W. 
. « / * 8 

= 360 in. fb, 

7^;C;-v^BfS 
U5l: 

where 

Wr - weight of the loaded container plus skid. 

L ~ mean radius of the ring. 

The largest stress normal to the cross section of the ring, a*, caused b> bending is 

o, = 19.600 psi. 

. ? £ * - . ,V"" 

_ ** 

(16) c «"«re the stress was determined by usin, t h . ' : 

<*""' « the extreme i„«de fiber ^ 1 ^ *"*** d e $ c r i b « ' ™ AppendirG Th 
devrfopedtoresiathe axial fo'ceTihT' " * ' ^ e n d o f * «^T«L?' **** 

I O F C e OT l h c " n * * this location. We have "*' * a , s o 

8 A 8*(5/l6>* (17) 
1900 pli. 

Total stress at the iwide fiber i, the 
»«m of these two stresses 

or 





,0,141 w^" .- - -;•v-:^|-/| 
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,-t. ••?•?-; 

The area of a weld is 
< 7 - -

c A = *l(0.3»25 r 0.5 cos 45°)' - (0.3!25)2 J 

= 1.087 in 2. 

a^^jjF^**00* H1**1 extreme fijber of the weld is 

(23) 

8 0II47 
SiK ; ^ 3 W T M c „ 3(3125) 360(0.3125) 

^ J ; * ^ ^ ^ n * j * -^? • ' i 1 » . 

^ , V > < 

(24) 

.&-

ievelpped in the top plate of the skid must now he ^aluated. 
pkt' is "-

Af,=tfrD = 025jr(J.625) 

i f ,276 in 2. 

(25) 

t ~ plate thickness. 

The average shear stress is only 

7 A^=8(l.276) 

450 r*y 

(26) 

! o 8 d l h U 8 ' "* P , 8 t e a n d * ^ ° f ' f e t f c " d O W n $ y 8 t e m a r e C a p a W e ° f w h h s t a n d i n 8 l"« «fti"8 
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3.4 Closure-Plug Lifting Device 

If there is a system of lifting devices that is a structural part or the closure plug only, (he 
regulations require that this system be capable of supporting three times the weight of the 
closure plug without generating stress in any matt rial of the plug in excess of its yield strength. 
These closure-plug lifting lugs are quite small in laturj and the hole in the center of each will 
accept neither, a cast-lifting cable aor a hook ol any size used in lifting the cask. Therefore 
only the weight of the closure-plug is used in this carnation. As an added precaution, the cask 
is shipped with its shroud m place, which prevents the use of these lugs for lifi'.igor tic-down 
purposes. 

The cask has two closure-plug lifting lugs, one of which is shown in Fig. 3.5. One lug will 
be used to support the plug, as shown in Fig. 3.6. The center-of-mass of the plug is assumed 
to be midway between the top and bottom plates, of 1.97 in. below the top plate surface. I he 
angle between the lifting load and the top plate surface is determined to be 41 c as shown in 
Fig. 3 . 6 / 

The entire load, three times the weight of the plug, is resisted by the top part of the lug 
acting a* a curved beam. Stresses are calculated by assuming that the lug is acting as a curved 
beam spanning the hole in the lug and having fixed ends. The largest mot en!. M. produced in 
such a beam by a point load is 

M _3Wp£. = 3(150X0.75) ( 2 7 ( 

8 8 

= 42 in. lb. 

The largest shear force is 

„ 3Wn 3(150) 
> • < • • - = £ - • = _ _ _ ( 2 8 ) 

= 2 '.5 lb. 

Stresses are emulated at many points across the 0.5-in.-widc and 0.25-in.-deop cross 
section of the beam using the program described in Appendix G. The largest stress normal to 
the cross section was found to be 



ORNL DWG 78 - I7803R 

0.625'in. R 

0.375 In. R. 

t« 0.5 In. 

% In, FILLET WELD 

Fig. 3.5 Closure plun lifting lug. 
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ORNL DWG 78-17804 

Fig. 3.6 Closure plug lifting configuration for analysis. 
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at the inside surface of the beam. I his stress is a principal stress and is located at the inside 
surface: other stresses at that surface arc zero. From Mohr's circle 

r « , = 9720 psi 2 ss 4900 psi. (3f > 

The largest shear stress on the cress section was found to be 

T - 4860 psi. (30a> 

and this stress was accompanied by a normal stress of 

. . . . . . . . o. = 1050 psi (30b) 

and a radial stress of 

a, = 1050 psi. (30c) 

In this case, at the point of greatest shear, the maximum shear stress is 

J W = 4900 psi. (31) 

Ihc rma, at both locations are well below the allowable limit. 
The lifting force can be broken into two components: F„. parallel to the top plate, and F„. 

normal to the top plate. These force components have magnitudes of 

F\ = 3\y„cos4r = 2.27 jy,, 

F. = 3W„sin4l 0 = 1.96 ffi,, 
[ (32) 

and arc pictured in Fig. 3.5. The *eld connecting the lifting lug to the top plate must carry a 
normal force of 1.96 Wp, a direct shear of 2.27 Wp, and a moment of 

M = F./0.625 + 0.625 sin 41°) - F^0.625 cos 41°) = 1.43 J&- (33) 

From Fig. 3.5. the weld is 0.25 in. No credit will be taken for any additional partial 
penetration weld that cannot be observed dt, ly The moment of inertia of the weld root is 

/= J_ [(0.5) ^ 2(0.25)cos45°] [(1.25)+2(0.25)cos45°)'| (0.5HI.25)' p 4 ) 

= 0.212 in 4. 
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From Fig. 3.5. tne area of the weld root is 

A=|«0.5>- t:i0.25)cos45°>l[<!.:5>+:<0.25>as45 c)l «0.&tl.25) 

= 0.744 in :. 

The peak vertical stress, r. assumed to occur in shear across the weld root, is 

(35 j 

_ F„ Mc l .% Wp |l.43Wptl.2S> + 2<0.2>Mcos45°i| 
7 " X + 1 0/744 2i0l\T) 

= 1210 psi, 

(361 

where 

c = distance from the ccntroid of the extreme fiber. 

The direct shear is assumed to be distributed uniformly ovet the area of the weld. We 
have 

F v _2.27W p 

A 0.744 

= 460 psi. 

IV) 

All stress are below the allowable limit, and the closure-plug lifting device is acceptable. 

3.5 Tie-down Device 

Regulations require that a system of tic-down devices that are a structural part of the 
package be capable of withstanding: (I) a static force applied to the center of gravity of the 
package with a vertical component equal to two times the weight of the package and its 
contents. (2) a horizontal component along the direction of travel equal to ten times the weight 
of the package and its contents, and (3) a horizontal component in the transverse direction 
equal to five times the weight of package plus contents. No stresses in any material of the 
package generated by these loads shall exceed the yield stress of that material. Further, the 
failure of ".ny tie-down device may not impait the ability of the package to meet other 
requirements. 
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I he OKM Shipping Cask i>-»* is noimaih shipped hotted !<• its skid, a- sh««wn in I is 
1.2 I he pU.» !<>i i'.iiii: the cask tu I he M'hiik is shown m I :}• *~ lout wire r<»pes tie the 
skid in the vehicle. In ad liti.in. Iimr wire mpes art attached t<» the trunnion* and tie the cask 
dnectlv n» the vehicle. A shroud denies the use .1! the ciusiirc plug as a tic-down device 

Both the set ut bolts ;,n«1 the wire runes meet the l ie-down requirement-, independent!' am! 

both arc examined below. 

3.5.1 Tie-tit 1*n hi>h\ 

I he task is attached to the skid by four l-in. X-Nt" bolts. The effect of the two horizontal 
forces will be determined first and then combined with the effect of the vertical fore Figure 
3X shov.s the two horizontal forces superimposed on the plane between the cask arid skid. I he 
horizontal forces are combined in a vector sum: 

R = [ i l O W f •*• ( 5 W ) 9 | - - I I . 2 & . OX> 

where 

W - the weight of the cask plus contents. 

It is assumed that the cask acts as a beam cantilevered about its base, (he moment produced 
by the horizontal static forces at the center of mass of the cask. 10.75 in. above the base 
plane, is resisted by the bolts in tension and some part of the >>asc plate in compression. As 
for a beam in bending, a neutral axis can he identified on which normal stresses are zero and 
which separates a zone of tensile stresses from one of cnmpicssive stresses. The axi- is shi wn 
in Fig. 3.8 as line n-n and is pcipendicular to the force R. Distances of the bolts, the neutral 
axis, and the x-x axis (which passes through the corner of the base plate) are identified on 
Fig. 3.X. The specific bolt distances arc listed in Table 3.1. When only the horizontal applied 
forces are considered, the sum of forces in the vertical direction at the base must ci,ual zero. 
The neutral axis is located by balancing tensile with compressive forces at the base plane. 
Stresses arc assumed to vary linearly with distance from the neutral axis, but stresses are 
assumed to be uniform across :ach belt. We have 

4hA.sK a 1 V2I <2bHbKa/3) - 0. (39) 

where 

E = Young' modulus of the bolt or base plate, 

A* = the cross-sectional area of one bolt = 0.5510 in.2.1* 

http://4hA.sK
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Fig. 3.7 Tie dovm of cask to vehicle. 
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* * 
' - < 

14 INCHES SQUARE 

F i g . 3 .8 Cask base p lane . 
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Table 3 .1 . Distance of bo l t s ^rota the X-X axis 

(refer to Fig. 3.8 for de f in i t ions ) 

Bolt . Distance t o 0-0 axis 

1 l/l cos (45° - 26.57°) - 5 . 7 5 / T c o s (45* - 26.57°) = 1.6771 l a . 

2 " - 5 .75»f cos (26.57° + 45°) = 6.8200 

3 " - 5.75^T;cos (135° - 26.57°) = 11.9630 

4 " - 5 . 7 5 / T c o s (26.57° + 135°) = 17.1059 

d, = the distance of tne centroid of the bolt pattern from the x-x axis, 

a = the distance of the neutral axis from the x-x axis, 

b = the length of the short side of the triangular area. 

From Fig. 3.8. 

\/Sa (40> 
cos 26.57° i 

Thus, from the force balance equation. 

4A*(d,-a) = I 3(5 4)a'. (41 > 

The single real root of this equation is 

a = 3.1995 in. 

The neutral axis places one bolt in the compression region where it is ineffective. The 
moment of inertia of (a) the remaining three bolts and (b) the area of compression, is 
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i 2 I -

4 •> > 

= 0.551 in.2 I (Jj ar * —: a4 

. 2 12 

- 178 in.* . 

Ihe 2W vertical force can now be included in d-^rmining the stress in the extreme bolt. 
If the 2W force is distributed uniformly over the four bolts, the boh furthest from the neutral 
axis is the most stressed. I his stress is 

2W Mc 
0 = 7Z * T < 4 3 > 

2 ^ _ ll.ZWt IO.7SWj7.IOSV 3.I'WS> 
= -MO. 55101 17* 

= l.*.W0psi. 

*hcrc 

c - the distance of the furthest bolt from the neutral axis. 

M R/.. 

R - hori/ontal static force. 11.2 W. 

/, = center of mass of the cask above its base plate. I0.7S in.. 

If. in addition, the shear produced hy the hori/ontal forces is uniform over all four holts, the 
shear on the most stressed bolt is 

• L r l - ".J1350» 
7 ' 4Ah " -HO5510^ , 4 4 ) 

= 6800 psi. 

From Mohr's circle, the maximum shezr stress in the critical bolt is 

r M A X - (—— I • ^HOO)2 (45) i 

4700 psi 

Hence, any commercial grade steel bolt is acceptable. 

http://IO.7SWj7.IOSV
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3.5.? Tie-down of caA to vehicle 

Four individual wire ropes, each attached to the casL at a steel restraining strap, res:rain 
the cask and tie it down to the truck bed. This set of tour cables is considered to resist the 
three static load components alone. 

Figure 3.7 shows a plan view of the cask and the restraining cables. A coordinate system 
is established with x and y axes on the truck bed and the z axis placed in a vertical direction 
trough the center of the cask apd shown on this drawing A single force with Cartesian 

components of IOW. 5J£. and 2Jtf is applied at the center ok mass of the cask and skid 
assembly. This force will produce a displacement with components u. v. w. The cask and skid 
arc assumed to move rigidly without rotation. There is no significant pretension in the cables. 
The cables act only in tension and initially i is assumed that ad four cables are active. 

From the geometry of the cable system, the extensions produced in each cable can be 
written in terms of the cask displacement as follows: 

e, = 
f x - 7.875| y 18.3125 
— — u 7 /——' (46) 

x 7.875 y 18.3125 
C : S — _ _ u - v + — — w (47) 

x 7.875 \ 18.3125 e 3 - _ _ - „ + . j . , + _ _ . w (48) 

e 4 = 
x 7.875 

I 
y 18.3125 149) 

where 

/. = th • length of each cable, and 

Z = f ( x - 7 . 8 7 5 ) 2 + y 2 * ( l 8 . 3 l 2 5 > 5 l , / : (50) 

The subscripts in equations 46-49 refer to the cables identified in Fig. 3.7. 
The total strain energy of the system is 

U » ^ ( e , J • •:1*ei 
3 v - J 

1L 
>t4'), (51) 



>': 

where 

A = the cross-sectional area of each cable (in.2) 

E = the elastic modulus of the cables (psi). 

In addition to the applied force, there is a reaction wit • the truck bed. ThL reaction is 
conservatively assumed to be frictionless and consequently doc; no work during the assumed 
displacement The total work done by all external forces is then 

WT = IOWu + 5Wv+2Ww. c (52) 

The total potential energy, V. of the system is - . c 

V = U - W T , (S3) 

where 

V and W f are given by equations 51 and 52. 

Total potential energy must be stationary at a point of equilibrium so 

6V &V 6V 
7r = T- = r - s ° - ( 5 4 > 

6u ov fiw 

If we write iY - * v £̂> + ̂  f̂? *y*!? + *X*5t (55) 
. &u 6e, 6u 6e 2 6u 6e} 6u &e4 6u 

and 

6V A E L / x-7 .875 . / x - 7.875 \ 
6 u s 2 i | 2 e ' ( x — r - + 2 e i ( - T ~ ; ( 5 6 ) 

_ / x - 7 . 8 7 5 \ , / x - 7 . 8 7 5 \ | t n a i 

i r f | 2 e « f ^ } + 2 « w - / ] - (57) ( T ) - ( T ' ) 

,(|)*2«.(|)i-SW 



L_ *. ' 

Substituting Eqs.x46-49 into E«. 

, . . . . 183125 
+ ( - l - | + I + I) ,JV 

18.3125 t - i+i+i-n -j-^o^M-I+l+l)|v 

£ r AE 

Solving these three equations for the three displacement components gives: 

lOVfL I2 

A'^t-%^^ 

U = 

V * 

AE 4(x~7.875) 1 

SWZ, & r 

AE 4y* 

(62) 

(63) 

2 f i 
AE 4(18.3125)* (64> 

Substituting •*>. 62-64 into Eqs, 4649 #ves the following displacements in terms of 
attachment points x and y. ^ 



Jb 

_W/, 10 5 2 + 
x 7.875 y 18.3125 

(65) 

WZ. 3 10 
t : 4At j x ~ 7.875 y 18.3125 

(66) 

e j 
W/,2 

4AE 
10 5 

+ - + x 7875 y 18.3125 
(67) 

"AE 
10 5 

+ - + 
x _ 7.875 y 183125 

(68) 

Since wire cables cannot compress, negative values of Eqs. 65-68 are not allowed. To 
investigate this restriction, it is assumed that the cables attach to the truck bed or. lines that 
pass, through the center line of the cask and from angles of 45° from the axis of the truck 
bed: hence, x = v. 

By finding the roots of Eqs. 65-68, it was determined that only cables 2 and 3 arc effective 
in restraining the lOJjf. 5̂ f- and 2W forces for all possible tie down points. 

Tensions in cables 2 and 1 can be determined from static equilibrium. Since the sum of 
forces in the x-direction and y-dir.rtion must each vanish, 

/ x - W i \ T / x - 7 . 8 7 5 \ (69) 

and 

^Tj - J T , + 5W = 0 , (70) 

where T? and Ti are the tensions in the cables. 

Solving for T> and T t, we obtain 

T, 

,Owf-5w(i--^W5) 
an 

T , -
»»(^g)*iQ10) (72) 
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The distance x can range from near the edge of the skid (about 22 inches) to the edge of 
a truck bed (48 inches). The worst ease (22 inche.) yields 

T 2 =,7.67 W =7.67 (1525 lb) = 11.700 lb. (73) 

T.,= 14.9 W = 14.9 (1525 lb) = 22.700 lb. (74) 

For this case, the force components on the tie-down strap to which cables 2 and 3 J re 
attached are: 

FX = I0W= .5.200= ( » - ^ ? ? ) T a . ( . » [ 8 7 5 ) T 3 
(75) 

F y = 5 W = .-7.600 =~T> ~ T , < 7 6 > 

F z = lt,7oo= i-^T.-'-H^T,- «77, 

The x and y components equal the components of the applied force while the / component 
was increased by the reaction with the truck bed. 

The resultant load on the tie down end of the lifting fixture is: 

R=l(15.2) 2 +<7.6) 2 +(l«>.7) 2 r / 2 ( 7 8 » 
= 26,000 lb. 

If this is resisted solely by the welds between the lower part of the strap and the cask, then 
the average shear stress across the root of the welds is 

_ 26,000 
* * -rrrr- . (79) 

2.02 
= l2,900psi. 

(See Eq. 7 for the determination of the weld area). 
This stress is below the allowable limit of 14.000 psi and the tie-down system meets 

requirements. 
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4. STANDARDS FOR TYPF B AND LARGE QUANTITY PACKAGING 

The structural standards for large quantity packaging include load resistance of the 
packaging and the external pressure which the package must withstand. Compliance of the 
ORNT. Shipping Cask D-38 with these requirements is discu: sed in the following subsections. 

4.1 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 distiibuted along its 
length that is equal to five times its fully loaded weight: it should not generate stress in any 
material oi the cask in excess of the yield strength of that material. 

The equivalent cross section of the cask analyzed in this study is illustrated in Fig. 4.1. 

I he maximum bending moment (M) is at 1.2. 

M =R,— — <8°> 
"'max n l -, u 

/20\ 338 (20 »2 

= 16.900 in. Ih, 

where 

w = unit bending load in lb per linear in. 

The moment of inertia, /. of the cross section. 

/ = * Uo* r, 4t . (81) 
4 

= - (6.375* 3.06.-,') , 
4 

= 1228 in*. 

The maximum bending stress, S* is 

_ M r o _ 16,900(6.375) 
S B = '~f ~~ " 1228 ** p S i • ( 8 2 ) 
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ORNL-DWG 75-5280RI 

W 
w = 5-r = 333 ib/in. 

/=20in. 

= 3380 in-lb 
R 2 - 2 

W=I350 !b 

2 
3380 in-lb 

(a} CASK AS SIMPLE BEAM 

d0=12 750 in. r - ^=6.125 in. 
r, =3.063 in. 1-J. 

(b) EQUIVALENT CROSS SECTION OF CASK 

Fig. 4.1 Analytical model to determine load resistance of ORNL 
Shipping Cask D-38. 



The maximum horizontal shear. S„ occurs at each end of the neutral axis. 

<X3> 

The cask exceeds the requirements of the regulations from the standpoint of load resistance. 

4.2 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. 

The shell of the containment vessel is evaluated from the standpoint of withstanding 
external pressure with reference to Paragraph L'G-28 of the ASME Boiler ami Pressure Vessel 
Code.'' 

d 0 4.75 

d 0 4.75 

7 -" olTs = " 5 • " * > 
and the maximum allowable working pressure at 25 C 

B 
P a = A. = ^ = 240.5 psi* . (86) 

t 

where B = 9500 (from Fig. UNF-28.8 on p. 232 of Appendix V"). Since the maximum 
allowable working pressure on the shell of the containment vesv ! exceeds 25 psig. it is 
concluded that the cask exceeds the regulation requirements of the -tructurai standards for 
external pressure. 

External pressure would load the flat ends of the stainless steel cla'fing. T!ic maximum 
thickness required for the end plates is calculated from the formula in Paragi.>ph (JG 34 of the 
ASME Boiler and Pressure Vessel Code.''" since the minimum thickness of cither end plate is 
0.500 in., the external container structure and the massive uranium shields provide sufficient 
support to prohibit significant deflection of the flat ends due to external pressure. 

Gaskets have been used at differential pressures significantly greater than 25 psig and have 
been found to satisfy the requirements. Hence, the regulations arc met. 
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5. COMPLIANCE WITH STANDARDS FOR NORMAL CONDITIONS OF IRANSPOR I 

The regulations stipulate that a single package must be able to withstand the normal 
conditions of transport without iubstantially reducing the effectiveness of the package and 
without releasing radioactive material from the containment vessel. The contents of the 
container are limited so that the package will contain 10 gases or vapors that could reduce t!:e 
effectiveness of the packaging. No emulating coolant other than atmospheric air is used, and 
no mechanical cooling device is required or provided. The ORM. Shipping Cask D-38 and <ts 
inner containers are designed >o 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 penetrat on. 

5.1 Heat 

I he cask must be so designed and constructed thai il ii were subjected to direct sunliuht .11 .111 
ambient temperature ol 130 T in still aii. its effectiveness would not be reduced. In addition, the 
temperature ol the accessible external surfaces of the cask shall not exceed 122 I in the shade w hen tull\ 
loaded, assuming still air at ambient temperatures. If '.he cask is transported m.i vehicle assigned l<<r Hi. 
sole use of the consignor, the maximum accessible external surface temperature shall he ISO I 

5.1.1 Heat transfer tests 

To evaluate the adequacy of the D-38 shipping cask under normal operating conditions, 
heat transfer tests were run on it. both in the sun and in the shade. The tests were performed 
in an asphalt-paved area at the Oak Ridge National Laboratory. 

A test was run in which a heat source of 80W was suspended at tne centcrlinc of the 
internal cavity of the cask, turned on and left on for several days until a periodic heating 
(daytime) and cooling (nightime) cycle repeated itself. Temperatures were measured with 
chromel-alumd thermocouples (I) attached 10 the top surface of the cask. (2) located at the 
centerline of the internal cavity of the cask, and (3) placed in the ambient air about 3 feet 
from the external surface of the casks. The top sur'ice of the cask was chosen as a 
temperature measuring point because its position relative to the sun was expected to produce 
the maximum external surface temperature on the cask. The highest temperatures recorded with 
the cask in the shaue are given in Table 5.1. 

The cask temperatures shown in Table 5.2 indicate the approximate maximum operating 
temperatures of the gaskets on the cask and on the 2R containci inside the cavity, assuming a 
131)° ambient temperature. Since the maximum operating tempetature of ncoprenc. the gasket 
material for the cask, is 300°F and the maximum operating temperature of silastic, the gasket 
material for the 2R inner container, is 450°F. The package will operate properly under normal 
ter iperature conditions required by the regulations. 
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Table 5.1. Cask temperatures determined in the shade 

Measurement location 
Measured Extrapolated 

temperature (°F) temperature (°F) a 

90 113 

142 165 

77 100 

Top of cask surface 

Centerline inside cavity 

Ambient 

Extrapolated to 100°F ambient temperature. 
Internal heat load was 80W. 

Table 1.1. Cask temperatures determined in the sun 

Measured Extrapolated 

Measurement location temperature (°F) temperature (°F) a 

Top of cask surface 107 144 

Centerline inside cavity 156 193 

Ambient 93 130 

'Extrapolated to 130°F ambient temperature. 
Internal heat load was 80W. 
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5 2 Cold 

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

If T. = -40 F (420 R). and assuming no internal heat load, the final or maximum 
pressure (P.) in any cavity sealed at a pressure of 14.7 psia and a temperature of 70 r- (530'R) 
is: 

P,T, 
T i 

The resulting pressure differential is less than the 25-psig differential pressure investigated 
in Sect. 4.2. A temperature ot -4CT- 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 not likely because the temperatures of these 
components arc above their ductile-to-brittle transition temperatures. 

The preceding 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. 

5.3 Pres>urc 

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

When the model is under full heat load, trapped air in the cavity will expand and exert 
internal pressures. Assuming assembly at 70'-F and 14.7 psia. the resulting pressure of any 
trapped air is: 

P * T ' = L > i J ^ 20.X P M „ . 3 . 4 P a p > . | J W > 
«i 530 

where 

Pi = assembly pressure, 14.7 psia. 

T; = temperature under heat load. 750CR (290F) . 

T, = assembly temperature. 530° R (70° F). 

The cask and its gasketed seals will he able to withstand this pressure without damage or 
reduction in effectiveness of the packaging, and the container conforms to the requirement for 
the reduced pressure condition of normal transport, see Sect. 4.2. 
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5 4 Vibration 

I he container is of welded construction and. therefore, vibrations received in transi! are 
n:it expected lo allect the integrity of the cask In addition, the cask, which was built several 
years ago. has operated in the transportation environment and has suffered no ill eltects as . 
result ol the vibrations that were encountered. 

5.5 Water Spray 

Ihe containment capabilities tit the ORSI. Shipping Cask D-3X arc not compromised bv 
water spray, since all external surfaces are of stainless steel. I he closure seal is impervious to 
water. 

5.6 Free Drop 

The regulations for normal conditions of transport require that a package weighing less 
than 10.000 lb shall he capable of withstanding a free drop through a distance of 4 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 ORNI. Shipping Cask I)-3X 
through a distance o| 4 ft is expected to produce only minor denting of the outside steel shell. 
II the package were dropped flat on its lop. repairable external damage would occur: however, 
the effectiveness of the package would not be reduced. (See the analysis of the 30-ft free fall. 
Sect. f.i). 

5.7 Penetration 

The regulations fo r normal conditions of transport stipulate that the package must be 
capable of withstanding the impact of the hemispherical end of a vertical steel cylinder that 
weighs H !h. has a I-I 4 in. diam. and is dropped from a height of 40 in. onto the exposed 
surface ol the package that is expected to he the most vulnerable to puncture. 

This condition would result in no more than a very superficial dent in the thinnest part 
(0.41 in. side wall) of the D-38 cask and would not reduce its effectiveness. 

5.8 Compression 

The package must be able to withstand the greater of two compressive loads equal to 
cither five times the weight of the package or 2 lb in.1 multiplied by the maximum horizontal 
cross section of the package. The load shall be applied uniformly against the top and bottom 
of the package for 24 hr in the position in which the package would normally be transported. 

The stress, S». is created in the steel shell by a weight imposed on the head of five times 
;hc weight of the package. This is determined: 
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J U 5( I '5**1 
V = 4 ~ ( » P M J I - : I 5 . < « K I P M I . iv*» 

w here 

J*' - weight ot tull> li>aded container. 135*1 lb. 

d '-' diameter ot con'amcr. 12 in.. 

I - thickness ot container -.hell. 0.3* in. 

I he stress. S r. created in the steel shell by a pressure ol 2 psi on the head is determined' 

Izd2 2s«li2>: 

4-J1 4nt!2K0.3s( S r - t _ 1 T = . J ; , - ; ; , ; . . = i'> psH<l>.ooopsii . i«m» 

I he stress developed in the shell by the imposed weight of five times the package weigh! ol 
470 psi was greater than the potential stress, and it did not exceed ihc strength of the shell ol 
the container. No credit for the additional strength resulting from the uranium cask tilling N;;-
taken. 

6 C OMPl IANC r: WITH STANDARDS FOR HYPOTHETICAL 
ACCini.NI CONDITIONS 

The standards for the hypothetical accident conditions stipulate that a container used tor 
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 conditions would 
be met: 

1. The icductinn in shielding would not he sufficient to increase the external radiation 
dose rate to more than KXMfmR 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.V", of the total radioactivity of the 
contents of the package. 

3. The contents would remain subcritical. 

http://ACCini.NI
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6.1 rree Drop 

I he first in the sequence ot hypothetical accident conditions to which the cask must be 
subjected is a tree drop of 30 It onto a :lat. essentially unyielding, horizontal surface, strikir. 
the surface in a position in which the maximum damage is expected to occur. 

Damage to the ORNl. Shipping Cask D-3X was evaluated by assuming the cask struck the 
unyielding surface in one ol three dilferent orientations. I hose included impact on: (I) the top 
corner. 12) the top end. and f J) the side. 

ft. I. I I input I on inp miner 

\ computational analysis (see Appendix 11.3) was applied to a simplified cylindrical cask 
model to estimate the deformation •csulling from a 30-ft corner drop (see rig. 6.1) with its line 
ol action through the center of gravity. Results shown in Table 6.1 indicate that by using 
specific energies for stainless steel that vary from 100.000 to 260.000 in.-lb in.', the deformation 
would vary from 1.0 to 0.7 in.; this deformation would occur primarily in the steel because or 
the large bearing area between the steel and the uranium. 

When the cask impacts on its top corner with its line ol action through the center of 
jiiavity. the studs holding the inner cavity plug, the corner of the inner cavity plug flange, and 
the corner ot the cask will all contact the unyielding surface at essentially the same instant, 
assuming that the steel shroud is neglected. Neglecting the strength of the steel shroud is 
liisiilied because it is thin, will readily collapse, and is not designed to resist impact forces. As 
a result, the flange, and. therefore, the inner cavity closure plug will be jammed back into its 
cask cavity before motion of the plug relative to the cask body can impose a significant load 
on the studs in tension. In addition, the studs cannot be loaded in shear because of the small 
clearance that exists between the cask body cavity and the plug. Deformation of the corner of 
the cask is expected to displace the top steel plate of the cask to further lock the closure plug 
in place. Because of these combination of effects, the foval deformation of the top corner of 
the cask is expected to be less than that shown in Table 6.1. 

It is concluded that the inner cavity plug will remain in place if the cask were to drop on 
its top corner when the line of action is through the center of gravity. 

6.1.2 Impact on lop end 

The effect of a 30-ft free fall onto the flat top of the cask was investigated to determine 
whether the cast uranium would fracture. 

A computational model of the top end-impact orientation of the cask and idealized 
stress-strain curves for the two materials, stainless steel and uranium, that are involved arc 
shown in Fig. 6.2. Equations arc written for the idealized curves in the slope intercept form of 
a straight line. 
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Fig. 6.1 Deformation geometry lor corner impact orientation of cask. 
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Table 6.1. Impact on top corner - maximum acceleration and 
deformation resulting from high and lov values of 

specific energy in stainless steel 

Maximum Residual 
deformation shielding Maximum negative 

Specific energy corner drop3 on corner0 acceleration 
(in.-lb/in.3) (in.) . (in.) <g) 

100,000 0.97 3.50 941 

260,000 0.66 3.81 1380 

3 
Measured along diagonal through center of gravity. 
Measured from corner to closest proximity to inner cdvityt 4.47 in. before 
drop. This may be compared to a shielding distance of 3.31 in. at the 
side of the cask. 

S - inr *S0 (91) 

S S„ e - - - — . 
in 

where 

S„ = the S intercept (approximate yield >* ) of the line, and 

m - the slope of (S ultimate -S„) t ultimate. 

*• ~ strain. 

For the stainless steel cladding or outer shell. 

_ S 40.000 
e = 80.000 40.000 = 1.25 X 10"' S 0.50 . (92) 

0.50 

For the uranium biological shielding. 

S 25.000 
e = 90,000L_25.000 = 2 X 10 * S 0.05 

0.13 
(93) 
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Fig. 6.2 Computational model of the top-end impact o 
cask and idealized stress-strain curves for uranium an 
steel .23 
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It was assumed th;«t stress in the column >t cranium varies onl> with time and position, 
or stated mathematically. S = fl IX). It was further •* sumed that the stress in the 0.63-in.-thick 
stainlcss-stccl-hr'.iom jilalc varies only with time: that is. the stainless steel was assumed to be 
weightless and S = f(T). W^;- this assumption, the compressive stress in the stainless steel. S,„. 
is equal to the stress in the uranium at X " /.. the point of maximum stress. S„. '.n the 
uranium. To simplify the mathematics without affecting the accuracy, the area. A. was assumed 
to be unity. The kinetic energy rf the cask must he stored in the uranium body and the 
stainlcss-steel-top plate in the form of strain energy. = 

u = y:Mi;2 = wh = Ap/.h = pi;ii±l: +»;,,.* <94> 

/ V . 2 0 . 1 
= / S, Akdxj + S^, Atet) . 
Ji. o 

where 

S X = S„ / , ' <V5) 

S = SMX, L 

Substituting for S and * and dropping A = I and t - I, the strain energy 

/•x f.̂ 20.1 |c v r>c Y -\\ 
U= / {^ai- p f ^ - U O " 6 ) - 0.0SV dX + S m | l .25S m UO- 5 ) 0.501 196) 

= / : £ « * n 0 - 6 , 0 0 5 M* d X + | 25x2^,0-5, 0 5 S m . 
JX=L-O L '- ' J 

Integrating, 

u.fa^.io-, ! ' ^ T "'"•'• .-:<-o.<.sm. L 3 / - u- Jx i. o 

Substituting values 

1(20.1X0.61)360 = 1 S„' (20.1)10'* ^ Sm(20.l) + 1.25 x I0'5 S„ 2 - 0.5Sm. (98) 

Simplifying. 

Sm

2 - (3.87 x l0 4)Sm - 1.74 x 10" = 0. (99) 

S„ - 42.800 psi. (K)0) 
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Since the maximum stress. S„. is less than the ultimate stress foi uranium isee I ig 6.2 > it is 
concluded that the uranium biological shield will not fracture as a result of the ca*k impacting 
on either o! its Hat ends nor will there be any damage to the shield that could he considered 
hazardous. 

6.1.3 Imparl on .«</«• 

Impact on the side of the cask such that the edge oi me skid and the top cover ol the 
cask hit the unyielding surface • imuitaneously (fig. 6.3) will allow most ot the studs to be 
loaded in tension. The impact forces will he dissipated in bending the skid and detorming the 
steel corner ot the cask. Neglecting the energy absorbed in bending and deforming the skid and 
assuming al! energy is dissipated by deforming the stainless steel in the corner of the cask, a 
computer analysis was made (see Appendix !l.4i to determine the negative acceleration rates 
a.Mi resultant deformations. Results shown in I able 6.2 indicate that by using specific energies 
of stainless steel which vary from 100.000 to 2M).(XH) in.-lb in.' (see I able 2.1). the delormation 
would vary from 1.1 to 0.7 in., trom Detail A-A u can be seen that this deformation would 
occur principally in the sieel. thus tending to confirm the original assumption. 

It will be assumed that the larger calculated negative accelerations will ;>ct on the inner 
cavity plug. The following calculations demonstrate that the bolts are sufficiently strong to hold 
the plug. 

I'sing the largest deceleration in Table 6.2 and applying it to the weight ol the cask lid 
and contents, the force. f>. on the eighteen I 2-ln. studs holding the shielding plug is 
>'*termined as follows: 

I-,, -- Wsg = 2<K)<12f>2> "-• 252.400 ib. ( ! ! m 

where­

in, = weight of plug plus contents of inner cavity. 200 Ih. 

g - deceleration. 1262. 

The force. r>, is applied to t'.ie cask in the direction ol the drop. I he component. I ». ol 
that force applied along the axis of the bolts and ine plugs is found as follows: 

F B = hpsinfl - 252.O0OIO.457> = I I 5.000 lb, (102) 

where 

0 ~ angle between line of studs and impact surface. 2" . 
Sixteen of the studs have an unengaged length of 1-3 X in. and the other two have an 

unengaged length of 5 8 in. F.ach <.f the 16 long studs has a 3 4-in. washer that has a 
cross-sectional area of (. 142 in". ' which is the same area as that of the stud. Irom an energy 

http://252.O0OIO.457
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Table 6.2. Impact on side - maximum acceleration and 
deformation resulting from high and low values of 

specific energy in stainless steel 

Specific energy 
(in.-lb/min.^) 

Maximum 
deformation 
side drop 

(in.) 

Residual 
shielding 
on corner3 

(in.) 

Maximum negative 
acceleration 

(g) 

100,000 

260,000 

1.06 

0.72 

3.37 

3.72 

852 

1262 

Measured from corner to closest proximity to inner cavity, 4.47 in. before 
drop. This may be compared to a shielding distance of 3.31 in. at the 
side of the cask. 

storage standpoint, this additional area increases the effective length of the long studs to 2-1 8 
in. The studs arc made from annealed 4140-series steel that has the idealized stress-strain curve 
shown in r ig. 6.4."' li is assumed that the two short studs will fail in tension. 

The force. K. that is required in the shortstuds to cause failure is found: 

F„ = 2(Su)A = 2(90.00K0.N2) = 2x(>00lb. 

The elongation. A. of the short studs at failure is found: 

A = c/. = 0.27(0.625) = O.I6')in. 

(103) 

(104) 

At that time the long studs have elongated by the same length and the strain is 
determined by 

± 0.169 
e = — = ^ = 0.0X0 in./in. (105) 

The idealized curve of the slope intercept form for the 4140 steel is 
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Fig. 6.A Stress-strain curve for annealed 4140-seriea steel. 
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S = me + S\p (106) 

^O.OOU h.vOOO 
t +,,;_ 100 

o.:7 
= ! 00.000 f+63.0UO . 

The stress in the remaining long studs is 

L S = 10O.000(0.0N> + 6.v00O = "1.000 pa. (107) 

The force. F t . which the long studs will resist without further elongation is found 

FA = 16(71.000X0.142) = l6l..?00|r>, <|()8) 

F , .+F S = 161.300+25.600= 186.900 lb I > 115.000 lb) . (109) 

Since the sum of the force required to break the two short studs plus the lorce which can 
be carried by the long studs is less than the force applied to the studs [see Eq. (65).]. it is 
concluded that the inner cavity plug will remain fastened to the cask in the side drop. 

6.2 Puncture 

The second in the sequence of hypothetical accident conditions to which the cask must be 
subjected is a free drop 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 not more than I 4 in.: the bar shall be of such length that 
it will cause maximum damage to the cask, but not less than K-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 that assumes all 
the energy absorbed by the cask is absorbed by the outer stainless steel shell with no 
consideration being given to the uranium shielding. 

The energy of impact will be absorbed by the 0.41-in-thick cask stainless steel outer shell. 
Figure 6.5 illustrates the configuration for this computational model. The absorbed energy. V. 
is found: 

U = Wh = 1525 (40) = 6K000in.-lb. (MO) 

where 

% - weight of cask. 1525 1b. 

h - drop height. 40 in. 
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The maximum energv imparted to the cask is 61.000 in.-lb. Conservatively 100.000 in.-lb 
is required to deform i in.' of stainless steel (see Table 2.1): therefore, the energy of impact 
would deform about 0.61 in. of material. When the cask strikes the bar. the depth ot 
penetration of the stainless steel shell would not exceed the depth of a sector having a volume 
of 0.61 in.' The area. A. of the displaced segment of the stainless steel shell is given Wv: 

A = = = 0.102 in. 2, I"! ) 
d 6 

where 

d = diameter of bar. 6 in. 

The height of the displaced segment of the stainless steel may be found by solving the 
following «*quation for h. 

A = r ^ o s ' ^ — - ) li h iCt l i rr> , / ; ! , (|I2> 

where 

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

r = radius of cylinder. 6.375 in. 

The depth of penetration is -found to be 0.019 in. Damage of this iragnitudc would not reduti­
the effectiveness of the cask. 

6.3 Thermal Evaluation 

6.3.1 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 exposure for 30 min within 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. 
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\ modified \ersu»n ol the computer program. Ml -\ I I M i - ' . ' was (ised to determine the 
temperature distribution <»! the cask when it is exposed to these thermal environments I he 
computational mode! representing the O R N I Shipping ( asf. I)-}* is illustrated in I tg 6 /v 

It was assumed that the container was loaded with the maximum permissible decay heat 
load ot KO W and that natural contortion »^s a singnilicant mode ot heat transter in the large 
interior air gaps. Natural convection was neglected in the small internal gaps, leaving radiation 
and conductiop «s the onl> mtnles ot heat transfer across them I he temperature distribution, 
based on a 100 I- ambient condition, was used as input tor the starting temperatures in the 
hypothetical thermal accident (lire) calculation. 

I he damage Irom the tree drop and puncture portions of the hypothetical accident would 
not adversely attect the performance of the container in the hypothetical thermal accident. 
Hence, the undamaged configuration was assume 1 I he shroud, which would help reduce heat 
input to the cask in a tire (sec Hgs. 1.1 and 1.2). wis neglected. 

f».3.2 Thermal properties nf material* 

I he thermal properties ot materials used to compute the temperature distribution under 
steady stale and transient conditions arc listed in I able 6.3. 

6.3. J Thermal aecith'M analy.\i\ 

' ask temperatures were followed for 3 hr after the conclusion ol the tire: no artificial 
cooimg was assumed. 

I he stainless steel uranium-shielded cask is an excellent conductor of heat with few air 
gaps to act as insulation. I he cask heats and cools quickly. I he neoprene gaskets on the 
closure plug and the O-rings (maximum temperature 350 ) on the inner-cavity drain plug will 
be destroyed in the hypothetical thermal accident:" I he tempmture of the inner container (sec 
l i g . 6.7) reaches a maximum ot 741 F at 9.'> min after the tart ot the test, or 66 min after 
the end of the Tire." 

At that temperature, the seal of the 2R container may be damaged. However, since all 
radioactive material is contained in capsules that arc scaled by welding, bra/ing. or swagging 
Inside the inner container, there will be no release of activity to the cavity or to the 
environment. Consequently, the cask meets this part of the regulations. 

6.4 Water Immersion 

I he fourth in the sequence of hypothetical accident conditions to which the cask must be 
subjected i. immersion in ww*--' ... »uch a manner that all portions of the package arc under at 
least 3 ft of wa.-r for a period of not less than 8 hr. 

It is assum.'d that all rubber gaskets will be destroyed in the fire. However, since the solid 
radioactive .natcrial is contained in scaled capsules whose integrity has remained intact 
throughout she accident sequence, no material will he lost. In addition, the moderation 
afforded by the water (sec Sect. 7) is not detrimental. Therefore the cask will meet the water 
immersion requirements. 
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•3... 

Fig. 6.6 Computational model to determine the effect of thermal 
tests on the ORNL Shipping Cask D-38. 
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Table 6.3. Thermal properties of materials of construction 

Thermal 
Temperature conductivity Density Heat capacity 

Material (°F)a fctu hr-1 ft"1 (°F)-*1 (lh in.~3) fetu lb"1 (°F)-J 

SS-304 NTD 9.4 0.29 0.12 

Uranium NTD 19.0 0.683 0.028 

Neoprene NTD 0.11 0.05 0.471 

Air b 0.0 0.013 4.97 x io-c- G-239 

200.0 0.017 3.47 x 10-5 

400.0 0.021 2.66 x io- 5 

- 600.0 0.025 2.16 x io-5 

800.0 0.029 8.17 x 10" 6 0.256 

Source NTD 31.8 0.0361 1.0 

a Temperatures denoted as NTD indicate nontemperature dependent constants. 
Air fills the large voids in the cavity, and its values are used as a sub­
stitute for helium in the internal gaps. 
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Fig. 6.7 Time vs temperature plot for inner-container seals as 
determined by HEATIN03 analysis of ORNL Shipping Cask D-38. 
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7. ( ON l AINMEY? 

I he regulations"4 require that packages in which tissile or large quantities of radioactive 
materials a.c shipped must maintain containment ol radioactive contents untf *r the stipulated 
normal and accident conditions of transport. I he containment boundaries and capabilities of 
the ORNI. D-3X cask are discussed in this section. 

7.1 Containment Boundaries 

I he containment boundaries for the shipping options available with the ORNI. D-3K cask 
are (a) the cask cavity sealed by its gaskets, (b) tire Spec. 2R container sealed by its gasket, 
and finally fc) the metal capsules containing the solid radioactive material, sealed by welding, 
hra/ing. or swagging I his Sattcr line of containment is considered the primary barrier. 

7.2 Requirements for Normal Conditions of Transport 

I he scaled metal capsules contained inside the Specification 2R containers will withstand 
temperatures and pressures in excess of those encountered during normal trnsport. Thus, no 
release ol radioactive material and no loss or contamination of coolant will result from 
exposure of these containers to the normal conditions of transport. The test sequence for 
special form materials is more severe than the normal conditions of transport, and no release 
ol radioactive materials is expected to result from exposure of those containment vessels '.) the 
normal conditions of transport. Any pressure increases will Lc less than those experienced in 
the accident sequence, and consequently there will be no loss or contamination of coolant (air). 

Exposure of the ORNI. D-3K cask to the normal conditions of transport will not result in 
a loss of secondary containment and the temperatures encountered will bf within the operating 
limits of the materials forming the boundary of the secondary containment. 

7.3 Containment Requirement During the Hypothetical Accident 

It has been concluded that secondary containment will be lost as a result of exposure of 
the ORM. D-38 cask to the hypothetical accident conditions. The free-drop condition of the 
hypothe'.ical accident would result in failure of mechanical seals and possibly in the rupture of 
welds in the secondary containment. Exposure of the cask to the thermal condition of the 
hypothetical accident would result in decomposition of closure gaskets. Despite the loss of 
secondary containment, it has been concluded that primary containment of radioactive materials 
will be maintained during and after exposure of the cask to the hypothetical accident 
conditions. 
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7.4 2R Container 

Typical inner 2R containers used at ORNLTor abir 1 

illustrated in Figs. 7.1 through 7.4.'The matei 
containers are limited to austeritic stainless stc£fei 
ductility at temperatures as low as--*Q'F. Tfiegjss; 
ASME or ASTM specifications, lbe design 
193° F, which is the maximum tempenittte 
conditions of transport. When it is asstnn^ ifiait 
at an ambient temperature of ''JPF and-an/f>r 
produce a pressure inside the jontaiser of -* '?.-S. 

<*-<*" 

. P: = P.T;/T, «= [14.7(193 ^ 

• - ' • •-:•'- ~L ' £ ? s ® 
When it is assumed that the kast Sierra 
times the standard atmospheric pressure.; tSel 
18 - 7.35 = i0.8 fisaj. .The design pressure.for .Bk'jBfe. 
conservatively as 20 psig. The design stress is 10,300 psi. r*fiicli; 
VIII1* tables for a temperature of 500°F. . . &. 

The 2R containers used in the D-3X cask will have the minimum 
given in Table 7.1. These dimensions are based on the requirements of. 
Sea. VIII of the ASME Boiler and Pressure Vessel Code. The .equations. 
these thicknesses are the applicable equations for sizing pressure vessel shells^ 
in Sect. VIII of the ASME code. The applicable equation lor determining the; 
Eq (l)4n paragraph UG 27: " - '-'-".•- .. : " K:^d&$M 

i = SE 0.6 P, 

where 

x& 
V:7* 

t - wall thickness (in.). 

r = radius of container (in.). 

S - allowable stress = 10,300 psi. 

E = joint efficiency = I for 2R containers. 
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WRENCH FLATS — \ 
OR OTHER DEVICE > 
OPTIONAL -

% 

1 

f 

\ 
1 
1 
1 

' " T i 

ORNL UWG 74 -3857 

PIPE CAP 

'il J JJ 

-TEFLON TAPE 
OR EQUAL 

TAPERED 
PIPE THREADS 
TfPICAL 

STANDARD 
PIPE 

WELD OPTIONAL 

— TEFLON TAPE 
OR EQUAL IF 
WELD NOT USED 

PIPE CAP 

Fig . 7.1 Pipe element 2R con ta ine r . 



ORNL 0W6 74-3858 

(a) (b) (C) 

SOC OR HEX HEAD 
CAP SCREW ACCEPTABLE 

•4 

t $ milt 

U=i 

THREADED FLANGE 
OR THRU BOLT 
ACCFPTABLE 

V ANY HEAD PERMISSIBLE 
PER SECT Sm ASMS 
BOILER AND PRESSURE 
VESSEL CODE (d) 

Fig. 7.2 Details of typical flanged 2R container. 
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ORNL DWG 75-501 

CAP 

O-RING 

CAN 

Fig. 7.3 Typical threaded 2R container. 



0 / 

ORNL DWG 75-502 

CAP 

GASKET 

FLANGE 

TUBE 

Fig. 7.4 Typical bolted 2R conta iner . 
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Table 7.1. Dimension schedule for Specification 2R containers 

Dimensions (in.) for symbols 
shown in Fiz. 7. 2 Bolt 

d 

3/32 

fcf 

3/16 

\ 
t a No. Size 

2 3/32 

fcf 

3/16 3/16 3/8 4 1/4-20 
3 1/8 1/4 1/4 3/8 6 1/4-20 
4 1/8 1/4 1/4 3/8 6 1/4-20 
5 1/8 1/4 1/4 3/8 6 5/16-18 
5 3/4 1/8 3/8 1/4 3/8 6 5/16-18 

i 
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I he applicable equation tor determining the thickne^ v>i i.,„ tup and bottom heads is f.q (I) 
in paragraph I (i 34: 

i = J \ - S r ) > (115) 

whe.e 

d ~ diameter o{ head (in.). 

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

The "stress in the bolts ol noltcd 2R containers resulting trom internal pressure is given bv 
the '"- jtion 

a, = (pA) ( n A j = <prd :) (4nA*). (116) 

where 

p = internal gauge pressure (psi). 

A = area of container lid exposed to internal pressure (in "). 

n = number of bolts. 

Â  - stress area of one bolt (in"). 

d = diameter of container lid (in.). 

The greatest stress on the 5 16-18 bolts (Table 7.1) will occur for the greatest value of d' n.\s. 
As indicated in Table 7.1. this will be when the diameter of the container lid is 5.75 in., the 
number of bolts is six. and the stress area of one 5 16-18 bolt is 0.0524 in.".' The resulting 
stress is 

a, -= 2(M5.7'J) 2 4<6)<0.0524) = 1652 psi. (117) 

The Specification 2R containers shipped in the ORNI. D-3'< cask arc fabricated in 
accordance with ORNI. Quality Assurance Procedures. Applicable approved ORM. procedures 
arc used for welding, and all welds are inspected in accordance with approved ( XM weld 
inspection procedures. The bolting for the Spccificaton 2R container is increased beyond that 
required for pressure tightness under the hypothetical accident conditions. Some dimensions of 
these containers arc increased beyond the calculated values or those required by Specification 
2R to facilitate fabrications. Silicone rubber gaskets or metallic gaskets made from metals with 
melting points higher than 800r'F arc used in 2R containers shipped in the ORM, D-38 cask. 
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X. CRI I ICALITY 

The analysis lor the single cask giver, below is adequate for an infinite array of scmilas 
containers. 

X.I I valuation «>t z Single Package 

A criticaiity analysis has been made <*ee Nuclear Safety Review 75X in Appendix II 2>. 
Since the quantity ol fissile isotopes carried is below aii minimum critical masses for these 

isotopes under optimum moderation and reflection: since the cask effectively isolates the 
contents from neutron interaction with packages of similar design, unlimited numbers could be 
stacked with no criticaiity problem occurring Thus, the package is adequate for l-issile Class I 
Shipments. 

9. SHIELDING EVALUATION 

Q. I Discussion and Results 

I he cavity in the ORNL Shipping Cask D-3X is sumv.nded by a 0 2X-in.-thick stainless 
steel inner shell and a 0.41 -in.-thick outc< stainless steel shell. The shielding cavity belwcer the 
two is filled with depleted uranium that is 2-3 4-in. thick. In addition, the cask contents are 
limited to a source of the DOT regulations. Actual measurements made with a 20 ci "'Co 
source in the cask gave a reading >l approximately 20 mrcm hr at the outer surface. 

I he shielding effectiveness will not be reduced ny the conditions ol normal transport or by 
the hypothetic*! accident. 

10. Ql Al ITY ASSURANCE 

10.1 Fabrication. Inspection, and Acceptance Tests 

The D-38 container was built prior to tru adoption of a formal quali'y assurance program 
by the DOE and ORNL. A formal quality assurance program has now been prepared 
(ORNl. TM-M71>. and future shipping containers will be constructed in accordance with the 
provisions set forth in this program. 
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II. AI'PFNDICFS 
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11.1. Appendix A: Drawings 

Page 

ORNI. S h i p p i n g Cask D-38 Assembly and D e t a i l s 75 
M-12I33-CD-126-K 

Other A s s o c i a t e d Drawings 

ORNL S h i p p i n g Cask D-38 77 
M-12166-CD-022-D 
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11.2 Anpendix H: Approxal Documents 
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Second Revised Spicial Peririt No. 5787 Oct. 1, 1969 80 

Third Revision Special Permit No. 5787 Aug. 26, 1971 84 

Interim Certificate of Compliance 
AF.C OR USA 5787/BLF Sept. 21, 1973 85 

ORNL Criticality Committee Nuclear 
Safety Review Request No. 777 May 23, 1975 86 

Letter ORNI. Transportation Committee 
of Approval of Internal Review of 
SARP Nov.4,1977 88 
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DEPARTMENT OF TRANSPORTATION 
HAZARDOUS MATERIALS REGULATIONS BOARD 

WASHINGTON. OJC. U S M 

SECOND REVISED SPECIAL PERMIT NO. 5787 
(COMPLETE REVISION) 

This special permit is revised pursuant to 46 CFR 146.02-25 
of the U. S. Coast Guard (USCC) Dangerous Cargo Regulations 
and 49 CFR 170.15 of the Department of Transportation (DOT) 
Hazardous Materials Regulations, as amended, and on the basis 
of the August 19, 1969, petition by the Oak Ridge National 
Laboratory and their original petition dated September 17, 
1968. *̂  * 

1. Shipments of fissile and large quantities of radioactive 
Materials, n.o.s., are hereby authorized in the packaging as 
described in this special permit. This packaging, when con­
structed and assembled as prescribed herein, with the con­
tents as authorized herein meets the standards prescribed in 
the DOT regulations, Sections 173.395(c)(2), 173.396(c)(3), 
and 173.398(c). Shipments must be in accordance with the pro­
visions of the U. S. Atocic Energy Commission (USAEC), Oak 
Ridge Operations Office «>.pproval dated August 29, 1968, and 
as further provided for herein. 

2. Each shipper, under this permit, other than the peti­
tioner named above, and the other previously identified 
petitioner: USAEC, Oak Ridge, Tennessee, shall register 
his. identity with this Board prior to his first shipment, 
and shall have a copy of this permit in his possession 
before making any shipment. 

3. the packaging authorized by this permit consists of a 
stainless-steel clad, depicted uranium-shielded cask, which 
is a right cylinder, 12 3/4" O.D. by 22 5/8" high with a 6" 
diameter by 13 13/16" deep central cavity. The uranium 
•Melding thickness is 2 3/4". Cask closure is by means of 
• plug-type uranium-shielded top lid, with bolted, gasketed 
closure. The cask weight Is about 1300 pounds. Contents 
must be loaded within DOT Specification 2R or equivalent, 
primary inner containment, with liquids to be additionally 
contained in polyethylene or stainless steel bottles. The 
package is identified as the Model Nc. D-38 Uranium Shielded 
Shipping Cask, and is described on Oak Ridge National Labora­
tory's drawing numbers M-12166-CD-022-D and 68-4126. 
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4. The contenti of c«ch package authorized by this permit 
consist of fissile and large quantities of radioactive mate­
rial n.o.s., in the Corn of solid and liquid fixed fission 
product-;, fuel elements, or waste products. The maximum 
thermal decay energy of the contents shall not exceed 80 watts 
and the total radioactivity shall not. exceed 500 curies. The 
fissile radioactive material contents shall not exceed 500 
grans of uranium-235, 350 grams of uraniura-233 or plutonium-
239, or 350 grams of any combination thereof. 

5. The authorized packeging meets the requirements for ship-
vent as Fissile Class I. The transport index must be assigned 
based on external radiation levels. -

6. The authorized package described herein is hereby certi­
fied as meeting the specific requirements of the Intcrnationil 
Atomic Energy Agency's (IAEA) "Regulations for the Safe Trans­
port of Radioactive Material", Safety Series No. 6, 1967 edi­
tion, as follows: -

«. Marginal C-6.2.2 - The package design meets the 
requirements for Type B packaging for radioactive 
materials. 

b., .Marginal C-6.2.3 - The package design meets the 
requirements for Type B packaging for large quantity 
(source) radioactive materials. Specifically, the 
packaging design meets the requirements of Marginal 
C-6.2.3.1(a) for unilateral approval*. 

c. Marginal C-6.2.4 - The package design meets the 
requirements for Fissile Class I shipments. 

d. Marginal C-2.4.3 - The packaging design is based 
on the ambient conditions. 

e. Marginal C-6.5 - No special transport ontrols , 
•re necessary during carriage and no special arrange-
tsents have been prescribed, except as specified herein. 

7. The outside of each package must be plainly and dyrobly 
narked "USA DOT SP 5707" and "TYPE B n, in connection with! and 
in addition to Che other markings and labels prescribed by the 
DOT regulations. Each shipping paper Issued In connection? with 
shipmcrcs made under this permit muse bear the notation..'DOT 
SPECIAL PERMIT NO. 5737'', in connection with the commodity 
description thereon. 
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6. Each package mist have its gross weight plainly and dur­
ably marked on the outside of the package. 
9. This permit authorizes shipments only by vessel and motor 
vehicle. 
10. For shipments by water: 

a. A. copy of this permit must be carried aboard 
any vessel transporting radioactive material under 
these terms. c 

b. The shipper or agent shall notify the USCG 
Captain of the Port in the port area through which 
the shipment is to be made, of the name of the 
vessel on which the shipment is to be made, end of 
the time* date, end place of loading or unloading. 
When the initial notification is given in a port 
area, it must be accompanied by a copy of thi* 
permit, addressed to the attention of that Captain 
of the Pert. 

C. Packages shall not be overscowed with any other 
\- ;eargwv; If stowed below decks, the hold or compart­

ment in which stowed must be ventilated. 
y i£*rThe shipper is required to furnish an experience report to 

this Board before expi at ion of the permit and when any amend-
| went is requested* This report must include the approximate 
c number of packages shipped, and the number of packages involved 
:- ic any loss of contents. The modes of transportation used for 

these shipments must also be shown. 
12. tfrior to each shipment authorized by this permit, the 
shipper shall notify the consignee and, for export shipments, 
the competent authority of any country into or through which 

. - the package will pass, of the dates of shipment and expected 
";- arrival. The shipper shall notify each consignee of any 

"special loading/unloading instructions >rior to M s first ship-
. -~\ ment. :. 

13. Any incident involving loss of contents of the package must 
be reported to this Board at the earliest feasible moment follow­
ing the incident^ 
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14. This permit does not relieve the shipper or carrier from 
compliance with any requirement of cither the DOT regulations, 
including 46 CFR Parts#146 to 149 of the USCG Regulations, 
except as specifically'provided for herein, or the regulations 
of an/ foreign goverment Into or through which the package 
Will be carried. 

15y This permit expires September 30, 1971, and may be revoked 
for cause at any time. 

Issued at Washington/ D.C.: 

E. G. Grundyr-eapt 
For the Commandant 
V. S. Coast Guard 

(Date) * — - / 

JLSL £pAvXJLr*<AS^ /?£ f 

For the Administrator 
Federal Highway Administration 

Address all inquiries to: Secretary, Hazardous Materials 
Regulations Board, UrS. Department of Transportation, 
Washington, D.C; 20590. Attention: Special Permits. 

Dist: a, b, d, h, 1 . 
USAEC, Oak Ridge, Tennessee/ 



l{ l\ \\ DEPARTMENT OF TRANSPORTATION 
£ y^S^'.i; HAZARDOUS MAI CKI# LS Ni-GUIMIOX* HOARD 
'ftL* J£ ' WASHINGTON. D C •%&«• 

* • * * . * ' 
SPECIAL PERMIT KO. 5787 

THIRD RKVISia: 

Pursuant to 46 CFR 146.02-25 of the W.S. Coast Cuard (USCC) Dangerous 
Cargo Regulations an* 49 CFR 170.15 of the DcpartKw-nt of Transportation 
(DOT) Hazardous Materials Regulations, cs amended, and on the basis of 
the July 22, 1971, petition by the Oak Ridge Rational Laboratory. Oah* 
Ridge, Tennessee: 

Special Perait Jto. 5787 is hereby aaended by revising paragraph (15) 
to read as follows: 

"15. This persrft expires on September 30, 1973." 

All otker tcras of this pcroit, as revised, remain unchanged. The 
coaplcte penlt currently in effect consists of the Second and Third 
Revisions. 

Issued at Washington, D.C.-: 

A \—4t i_ . 
21 A7S m 

R.C. Sdngng, Capt. (DATE) 
Knr the Co&nand&nt 
U.S. Coast Cuard 

t _^f 2 6 AUG 1971 
/ffi^tte (DATt) 

For the Administrator 
Federal Highway A.1>iinletrallon 

Address o i l inquiries to: Secretary, Hazardous Materials Regulations 
Board, U.S. Departrent of Transportation, VarhingtOii, D.C. 20590. 
Attention: Special Remits. 

M*t: a, b, A, h, i 
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CERTIFlCAiE OF COMPLIANCE 
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iMMMkimv iniM. m n . * « ITI vc«>»«c M T M n 
IMt f f»1» -mi» i« l«CHI IM . r t> iCM. i««C l» inMOI>M0m 

• M i n n 

CONDITIONS 

L ) V I M I « I * « I I I M W I M I I SAFETY MMIVSSMPGHT FOUMCKAGIHC S A W 

Oik Ridge National laboratory 
r.o. Box x 
OakJIdge. Tennessee 37830 October 1968 

a*. n»»n«j>- t 

—i •»>*.« wctmiuM i —w»mmnm»tt—m,Ci i»wm<Ti i«»Qi i i in««r i 

3k. tt*mmtlp**irt* 

A. The packaging consisw of a stainless-steel clad, depleted (0.2 wtS 2 S S U) uraniua 
Shielded cask, which is a right circular cylinder, 12-3/4" 0.0. x 22-5/8" Inch w.th 
• 6" I.D. x 13-l?/15' deep central cavity. The uraniu* shield is 2-3/4" thicc. 
Cask closure is bv wars of a plug-type uraniwa-shielded too l id , whicn is bo'.ted and 
Sealed with two n-oorene T-rings. Contents oust be loaded within a 00T Specifica­
tion 2R or equivalent, prinary inner containment, with liQuids to be additionally 
contained in polyethylene or stainless bottles. The gross weight of the package is 
about 13C0 lb. 

B. The authorized contents of eadf peckage consist of fissile and large quantities of 
radioactive material fl.O.S. in the form of solid and liquid nixed fission procucs, 
fuel elements, or w«te products. The maxinwi tneroal decay energy of the contents 
Shall not exceed 30 watts and the total radioactivity shall not exceed sCO cur:es. 
The fissile radioactive material contents shall not exceed 500 g of * " U . 350 g or 
i l ly or 2 1 , P u , or 350 g of any combination. 

C. Shipments are authorized as Fissile Class I . 
basis of external raaiation levels. 
<Mp-«ntc tr» auzr.wrnii bv vessel »M rotor vehicle 

The Transport Index is assigned on the 
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9.S. Atomic Eneroy Coanission 
f.O. Box E 
Oak Wdgt. Tennessee 37830 

V*M< *<s 
fc«IW«>yVl»«IM««>MlCHiOM"^ 

Will iam^ Travis, Director - '-_.. . 
<,f«.iy % t****—** Contra! ftvittOn 
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September PI. Tt?3 
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ProfwsftKH 
I>emat1**tfc£SE 

**TT"^f"lF , 

When a va>» con>trttit*d oi » i [ ^ i ^ l c a i | ^ ^ ^ 
major portion oi the kinetic energy ^fStts^Si&p 
impact area An )drdt!> plastic material j*%%qt| 

S ~ tte_q«||»fty of energ> required to displace a UritCVolurne t& 

V - the displaced volume of mat-rial and can be used as a basts 
cltcc* of tftc top-corner impact. The lack of an accurate nun 
necessitates a conservative estimation of its value. - - " - .-. ag&j 

With reference to the computational diagram illustrated in Hjc'ff J T &|siayi) 

dC * l,2xfdZ 

B> trigonometry 

X = r(cos B - cos A). 

Y - X tan a = tarr o rfcos B - co* A), 

dZ = r cos BdB, 

ft follows that. 

SXYd/, 
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ORNL DWG 75-93 

i_ 

^ 

c-c 
Fig. 11.1 Model for corner drop calculations. 
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and 

SXYtIZ 
I! = SdU = 1 — - 111-7) 

1 hi« expression can be readily solved using the computer. The value for the angle A can 
he assumed, and B can be incremented from -A to A or from 0 to A if the resu't is multiplied 
by 2 and the energy- required for the assumed deformation is computed.: A is started small, 
incremented, and the energy required is compared with the cask's potential energy. In this 
manner a calculated impact history is produced. The program also computes other variables 
using the expressions below: The maximum deformation. A. 

A = sin a (I - cos A) <r). (11-8) 

The applied force. F, K = d lTdA. and the acceleration, a. was computed irom the equation 

a - ~ (.1-9, 

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

or 

•(»•• f f =[(!)*• l')]"° (ll-IO.il 

where 

V 0 = initial velocity. 

M = cask mass, 

W = weight. 

h = drop height, 

g - gravitational constant. 

The time is computed from the relationship 



9. 

a dV dt (11-10 

or 

dt = dV a (l l- l la) 

and summary techniques. 
The computer program is given and the results for specific encigies of 100,000 and 2*),000^ 

in.-lb/'in. are given. The plois of the negative accelerations vs deformation are given in Figs. 
11.2 and 11.3. 
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ORNL DWG 7 5 - e 0 3 
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SPECIFIC 
ENERGY 

STAINLESS STEEL 
100 ,000 T i b / m 3 
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Fig. 11.2 Plot of negative acceleration vs deformation at specific 
energy of 100,000 in.-lb/in.3 for stainless steel shipping container 
during a 30-ft corner drop. 
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ORNL DWG 7 5 - 8 0 4 

SPECIFIC 
ENERGY 

STAINLESS STEEL 
* 6 0 , 0 0 0 m- lb /«n 5 

• • • • i • - • • i * • 

0.06 0.10 O.IS o-aT 
r ' - - - - l * - ' » * - - f - » - - - - * - - - ' > - - - ' ' - | , i t f - - - ' - - - -
0.2S O.J0 0.36 O.W) O.NS O.SO 0.S6 O.W 0.65 0.70 

DEFORMATION (m) 

Fig. 11.3 Plot of negative acceleration vs deformation at spec i f ic 
energy of 260,000 i n . - l b / i n . 3 for s ta in l e s s s t ee l shipping container 
during a 30-ft corner drop. 
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c r'aeKiB rmBBB IOOVCISB 
C BIBB OP 1 VM.08BSB0BS BltBBXai / IB IBB&S. STS*5S-S?iAII BBUfXOBSBX? 
C XBPBCtXPC *•: XITXBUIK SBBPBCB. TBB CISK IBRD'SS V9 ITS COBBBB 
c TBiar « r « » a COB p o n s TBB BBSBOBSB OP a cas* KMIBG BIGBT CILISBBICIL 
c 4 t««Bn; . 
C BT JOB? VfhiS P .B. , 6BBBBIL BICIBBBIIIG BXTXSIQ&.08* BXB6B B1VXOBAL UB. 
C : - - - • • . . ; _ ; • • • . . - - - ' ; ; " V ^ ^ : . 

c eiosstBT OP .totatxoB •-•.-. ? 
c ?*-ikwivs o f case 
c <casa IWCTB - ^ 
C t-TIBLB SfBBSS OB PLOW PBBSSOBB 
c - r'~ rac i s t Bn«Bt , >̂ ." "'•'•-,.--

c un.BcLB at BBxea CBSB XBPacn ';^ " 
C - '««BBBCY 
c r >?0kCB 
C T-TIBB 
c ; >«accKUBatxo« 
€ 3T»T0iai BBBB6T 
c c*PBtocitt 
C ;'BSP0B81tXOB 
C »'<«*I6XB XB OOBtact / 7BB SBBPaCE 
c • . • • . . - r " " - • • - • 

BIBBIt::* T{1QOOt,lB(1000),P (1000),0(1000J r t(1000),IB (1000). 
t E (16^9) ,16(1003-; 
M«3.fMS9625* 
S«0.O 
aai » o.o -

C r-PBt S1?B1IU. C3BSTHT ^ 
C rtPBt Cfehf. ftSOKEtBT 

idio p o n u v p a ,m,»oBaBioa SSIBLDBB case D-M»J 
B«1S25. 
5-6.375 

o*anw(i.*s2«-, 
DO 90 88-1,2 
B-BB 
XP(BB.B3.2) 4^360. 
?0 90 B»1,2 
5*100000. 
XPH.BG.21 8*260000. 

C XBI'Vt PBSt COBDItXOB 
C XBSBt IWCIB IfCfBIBBTS 

30 HB-.01 
IB-.01 
BkXtB {51,1002) 
BBITE $51,1002) 
BBIK *S1,191(4 
BUT* {St., 1301* 
BBXtB (51, .'ATI 

C ZBIO SBBSCBXPKS <itIlBl*.S 
BO 11 I«1,TMu 
IBtD-0 .0 
W(I |«0 .0 
P(X)«0»9 
X(X)•C* 
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. Fpr«0 .0 S &•-}. 
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• • r . - / /^^i * i r i^ t4t •>'- ':^c 
v'- ^cowxiw ;-
C *EtO •0f5W5CH»TTO T1BI1BU3 

• • • ' ' ' ' * * * & * ' 

'//•.- -"i -' TK"OiB 

It«ft.O 
11-0*0 
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^ 

r 

<, 1 ; *o i 1-1 v IOOO 
* I f t - t . t 

- XBCBBBBT I K 1 S I ', ^Sfc* - ^ 
• ft*B>BA '" • 5 s « ^ i 

ci«c6sf») c'- ^ < - > 
1E-0 .0 
5080*0.0 *:'* - ' r x - -- _ 

10 BO 2 J-1 ,1000 ; ^ - . , = ^ - ^ 
C XBCBBMBB* IPC I t B . 5̂ " . ^ : 

CB-COSfB} - ^ . ^ T # - r ^ : - ' " ' ^ ^ 

11 CC-CCB-C1) •*" '^ •>- w 
BT«T1I(0>*I*CC -^ 
BM*CC - - - - - - > .j-;-_ . .<. ; . ^-.^.v-

12 Dt«B*CB*BB 
OV*BT*BI*ftX»S * 

C C1LC0X1TB BBBBCf 1B50BBJCB 
SBWNSVIB+90 

C CltCOllTB 1BS1 ->':' 
13 Bl»2.*U*9Z/C6$fO) 

AB>1B«M „,, - ^ -
Xr(B.CB.l) CO TO 3 

' 2 COBTXBBB '>-* ., ^ . •;•" , - . 
3 0CX1-SBB0 " ^ V.> 

1B(X)«AB v ------ ^ 
C C1LC0UTB BOBCS > , 

F(I)-AR(I)*S 
C CALCULATE fltOCITT 

XP(0(I).6B.BT) 80 TO 16 > ^ > 

5 Tl « S Q t T l ! W . / t 1 2 . * « ) ) * C S ? - 0 [ I ) n 
16 » (OtX).«B.Vt) f 1*0.0 

C CALCOLiTB 1CCB1BBBTX0B -.>..<•-
18(X)*?(X)/ f ^ 

C CltCBUTB BfiBOMlTXOf 
i i -m*(0)*cos(0)*a«n.-c*)) 

C CBtCOUTS TXBB 
TX*fXl-XX) / ( (??•?»)•€ . ) 

7 T1«?1*TX 

1 
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Tix)«n*iooo. 
i i - n 

6 ?(!)*?& 
8 TT«fi 

1B(X)**>57.3 
IP(B(IJ.6BDT) GO TO • 

1 COBTXBBB 
.» COBTXIUB 

C OBTPBY-MX78 LOOP 

BBXTB 151.1002) 
•BITS {51,1004) 

1008 TOBB1T {IB. «X,37BC1SB 6B0BBTBT IBB BlTBBXftL BB0PB8TXBS) 
; WBUS (51,1802) 

r BBUB0t»lOO5j ' £ * . 
1805 POBBiT f«T, *Z#$ii|tt05,8Xv6B18BeTB,10X,6BBBXCBT,<6E, 

1 15B$*BClfxfe BBBBCT) 
BBXTB ( 5 1 , lOOC) -

1006 FOKB1T I1B, *X,SBXBCBBS,8r,6BIBCBB5,10X,6BPOBBDS,8X 
"' 1 13UB-IB/CV. IB.) 

IBITB(S1 r1002) 
1032 BOBBlTflBO) 

BBITB(51,1007) B,C,B,S 
1007 T0BH1T (P11. 3,P1*.3,P16.1,7>18.1) 

BBXTB(51,1002) 
BBXTB(51,1000) 

1000 POBB1T (1B.,8X,11BDBP0BBITX0B,«X,8BTBI0CITT#7X,«BTIBB,13X,5BP0BCB, 
1 10X,€BBBBB6T,5X,12BBCCBUB1TX0B) 
BBXTB(51,1001) 

1001 POM IT (IB, 6X,6BIBCBBS,7Zv8BFT./SBC.,*X,12BBXLtISBCOin>S,8X, 
1 6BV0VBDS,10X,6B£B-XB.,10X,3BX 6) 

BBITB(51,1002) 
BO 15 I » 1 r f " — 
BBXTB(51,1003) X(X) *7<X),T(X),P(X),0(I),16(I) 

1005 POBBIT(11 ,P1«.«,P13.2,P16.5,P15.2,P16.2,P12.2) 
15 OOBTXBBB 

Clli O.BXKPL(X,t6,K,«LXBBlB(,,J.B.mBSS*) 
20 COBTXBVB 
90 COBTXBOB 

STOP 
BIB 
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114 Appendix D: Computer Programs Calculate 

The computer program was life same>£. . 'er i^^ 
/was changed 10 reflect U»er change ini the angle V v -
'for the side drop, v ""' '"-" ff'"',.-l-^-r;^^ ^. ^ , 

The computer program, P '-^en ami th "-**"""**̂ -'*™ 
«ee| of 100.000 and i » ^ p 6 4 n ^ l b f e $ £ * 

* & s £ : ^ 

k 
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ORNL DWG 7 5 - 8 0 5 

SPECIFIC 
ENERGY 

STAINLESS STEEL 
100,000 n- lb />n 5 

• • • • i i n " 1

 r . i . . . . i | . . l i 1 i l . i l . . . i . . . i i . . 1 i i . . . . i i . . . i . • • i . . . . i . . . . i . . . . i . . . l i . . . . t , 1 . i 
0.1 0.2 0.3 O.M 0.5 O.S 0.7 0.8 0.9 1.0 I.I 

DEFORMATION (in) 

Fig. 11.4 Plot of negative acceleration vs deformation at specific 
energy of 100,000 in.-ib/ in.3 for stainless steel shipping container 
during a 30-ft side drop. 
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ORNL DWG 7 5 - 6 0 2 

SPECIFIC 
ENERGY 

STAINLESS STEEL 
2 6 0 , 0 0 0 .n - l b / m s 

O.W O.S 0.6 
DEFORMATION (in) 

111111111 * 1 1 1 1 1 1 0.6 

Fig. 11.5 Plot of negative acceleration vs deformation at specific 
energy of 260,000 in.-lb/in3 for stainless steel shipping container 
during a 30-ft side drop. 
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INTRA LABORATORY CORRESPONDENCE 
OAK RIOGfc NATIONAL LABORATORY 

November 16, 1973 

TO: B. B. Kline 

SUBJECT: Inspection of Shipping Caak D-38 
W.O. A-3044C-AA - Inspection Request 10926 

Thia inapectlon waa perforated to verify the integrity of this shipping 
caak. 

After disassembly, the caak was surveyed by ORNL Health Phyaica and 
found to be free of radioactive contamination. 
qiaual Inapectlon 

Thia caak conforms to the characteristics cf Drawing M-12133-CD-126-E Rev. 9. 

Mo atructural defecta were observed in the caak, cover shroud or shipping 
pallet. 

Wall thicki*us readings of the outer ahell (part #8) revealed f. thickness 
of .385" - .4?8". 

The catt la identified on the ahroud and top plug by staaped lettering. 

Liquid Penetrant Examination 

All acceeelble welda and the lifting attachnenta were examined with 
liquid penetrant in accordance with ORNL NDE 30, Technique 1, "Color 
Contrast Solvent-renovabje", and were found to be aatlafactory. 

Leak Teat 

The caak was helium leak tested in accordance vlth the Inspection Engineering 
Manual. Section 7, App. 4. Thia teet Indicated a leak rate not greater than 
1 x 10° acc/aec. (Leak test report la attached).a 

Leak Test Repcrt in Quality Assurance file in Roaa A-16, Bldg. 1+500N, 
ORKL 
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Metal Identification 

All accessible parts of the cask were examined with a thermoelectric 
comparator and determined to have been fabricated from 300 series 
stainless fteel. (Instrument calibration data and test results are 
attached.) 

These inspections and tests indicate good quality welds and material. It 
is our opinion that Che integrity of this cask is good. 

INSPECTION ENGINEERING DEPT. 

0. J. Smith 

0JS:bc 

Attachments 

cc: J. R. HcGuffey 
J. N. Robinson 
C. R. Starlin 
IR-10926 

a Available in Quality Assurance f i l e , ROOK A-lC, 31 dr. 'tJOO!.", ORi.l 
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11 7> Append:i I Operating and ln»p--xti<»n Pnnxdiiro 

I n s p e c t i o n Check L i s t 

O p e r a t i n g P rocedu re - Incoming Shipments 

O p e r a t i n g P rocedure - Outgoing Shipments 

Page 
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ORHL SHIPPING CASK D-36 
DOT APPROVED 5787 

asm. DWG. MO. M12133-CD-126-D 

Inspection Check List Inspection Type 

Routine 

Date Tine 

Biennial 

General condition of cask checked. 

Inner cavity plug flange gasket, 
condition: 

good replaced 
_poor 

Drain plug "0" ring ^skets, condition: 
good replaced 
poor 

Inner cavity plug flange gasket, sealing 
surface condition: 

good reworked 
needs reworking cleaned 
needs cleaning 

Nuts, condition: 
Rao* 
replaced 

Studs, condition: 
good 
replaced 

Locating pins, condition: 
good 
replaced 

Safety wire holes are free: 
Yes Cleaned 
Needs Cleaning 
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Inspection Check List Inspection Type 
(Continued) 

Routine 

Biennial 

Tiae By. 

Visually inspect welds (Biennial only). 

Fire shield all welds secure (dye 
penetrant test) (biennial only) 

, _ _ _ _ _ M*e Shield Wooden Block 
Intact Should be replaced 
Replaced 

Skid Lifting loops and welds (dye 
penetrant) (biennial wily) 

Cask ready for shipment Date 
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F*t« 1 of 2 Dace 
Pile in Boom A-16 
Sollding, 4500M 

OPERATIHG PROCEDURE, 0-38 CASK 
NRC-OR-USA 5787/BLF 

-1C0-7-G SMacrrS Initlala 

1. Fire Shield and Skid checked for leakage and damage. 
2. Tampir wire Inspected for damage. ______ 
3. Fire Shield removed. _____ 
*. Cask v i s — U y checked for leakage and damage. 

«.- -
5. Exterior of cask and skid probed and i sired by Health Physics 

for radiation and/or contamination. 
6. Radiation data on cask and skid exteriors: 

Contact 3 ft. 
alpha 
Beta/Canme 
neutron 

7. Radiation data on lid (outside top): 
Contact 3 ft. 

Alpha 
Beta/C 
Neutron Steps 8-10 applicable OPIT to cask which was loaded under water. 

8. Drain plug removed. Water drained froa inner cavity. 
9. Drain plug "0" ring condition: 

OK Replaced 
10. Drain plug replaced. 

_ 
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' NRC-CR-USA-5787-BLF 
tage 2 of 2 

HICOHIBS SHIP!—NTS Initial* 

11. Caak removed froai skid and aoved to Eot Cell area. 

12. Lid bolts reaoved. Lid-lifting device attached. 
13. Outside of caak soaked or bagged vlth plastic cr paper tc 

protect cask frosi contamination. 

14. Caak _oved Into Hot Cell (If necessary), lid raised, and 
contents reaoved. 

15. Lid replaced, cask removed from Hot Cell and checked for 
radioactive contamination. 

16. Radiation data on cask: 

Contact 3 ft. 
alpha 

Beta/Genaa 

Neutron 
17. Caak and lid decontasdu.-'-ed to within established shipping 

tolerances. Survey tag at' hed to cask. 

18. Radiation data on cask and lid: 
Contact 3 ft. 

Alpha 
Beta/fanes 

Neutron ______ 
19. Gaskets on lid and drain plug inspected. 

Gasket condition: 
Lid OR Replaced 

20. Caak, and protective cover reasaeablsd, placed on the 
skid. 

21. Fire shield placed over caak and aoved to storage area. 

Above Inforaatlon Certified By: Date: 
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Date 
File In Boon *-16 

Page 1 of 2 Building 45O0M 

OPERATOR PBOCEDOBE, D-38 CASK 
WC-OR-DSA 5787/BLP 

OUT00IMG SHTPHHftS Twtft^l* 

1. Depleted uranlas Betel biological shielding adequate for quantity 
of radioactive Material to be skipped. • 

2. Cask noved to loading area, opened, and gasket inspected. c 

Gasket condition: 

Lid OK __^ Replaced /;. . =r'-
- c 

3. Cask body and lid covered with plastic or paper to ainlaize 
radioactive contaainatlon. ^ 

4. Inner container goiket (silicone rubber) condition? 

Material OK Replaced 

5. Radioactive Material to be shipped placed into Specification 
2R container (or approved equivalent). Concentrated neat sources 
aust be placed in heat sink. Exterior of container has been 
decontaadnated. 

6. Inner container properly sealed (bolts or lid tightened an 
approprlat.). 

7. Radiation data on inner container: 

Contact 3 ft. 

Alpha 

Beta/Caaaa 

Neutron 

8. inner container loaded into cask* Cask gaaket in place. Lid 
replaced. 

9. Cask reaoved frost loading area. Lid lifting device reaoved. 

10* If loaded under water, drain plug reaoved. Water drained from 
inner cavity. Drain plug replaced. 

11. Lid and cask decontaadnated to the established tolerances for 
off-site •hlpaent. 
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OPKPIMC SHPWnS 

12. ladlation data on loaded caafc: 

Contact-

H»C-«WJS& 5787/BLF 
Page 2 of 2 

<«*Jti 

Beta/ 

Ventron 

1 3 . ; Cower uvea -rc£li£egi.«__, 

rUr^jraajnr aeelo'&at/ 

. - .*•? ' ' fcaff i 

»Casfc>laced on 

16. Health Physica 
' c 

Alpha 

Beta/Gaaaa 

18* Health Physics 

19. Riggers called to aove caafc. 

17. Fire Shield replaced and attached to studa witfe/ants. 

red and probed fire *&&Jy£^Zr%&£ 

Ce*k certified ready for ablpaent by Date: 

. . . . S'v5? 
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11.7 ,\p; cndix (i ihe f valwtti.m >>t Stro-> m a Curved Ik-am 

|-<>r a syn.metrical curved bar loaded in the plane ot svmnietry: 

: M /> *!/.. (Il-I2» 

where 

o s.ress normal to a cross section ol the beam 

A = the cross-..cctional are:* of 'he beam. 

M.- = applied moment normal to plane of symmetry. 

R ~ radius of curvature of centroid of cross section. 

y = position on cross section measured Irom centroid toward center of curvature, 

.-•nd 

j I _._> | A 

i v 1 ly/R) 

Equa'.ion (i-l was de ;vcd from the equilibrium ol an infinitesimal length o! beam. Plane 
sections were assumed to remain plane after delormation It was also assumed that curvature 
does n~t vary rapidly and that the noimal stress is independent ot the other stress values 

Under similar assumptions, the radial stress can be shown to be 

"y " WR y)\jy RA/ 
f l l -M) 

where 

b = the width of the cross section at y. 

A' = the area of the cro; , section bounded by the line at y. and 

and 

ydA 
0/ I I (y/R) 
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I he average shxar stress at a line at distance \ trom the centroid is 

h|! <> R»| \ J / R A ) 

where 

V, = the shear force in the plane of symmetry. 

In order to calculate stresses from these equations, the beam must be defined, 
lor a rectangular cross section of width b and section depth h. we have 

12 I t i 'Ri 

h \ . , R v 
i( — v) + R 3 h l n - ~— 
^ 2 / R (h 2) 

Rb 
. . . . " " : i 

and 

A 2 V h / 

(11-14) 

/

2 v 3 hd\ , . : R h . , . , 

- - - ~ - K-bh K'bln (11-15) 
„ , I l> R) 2RH. 

0 / R / d,\+ R f A (11-16) 

= R | b di? *• R / 
J IWi J h/3 

These equations were piogrammcd for the HP-97 calculator. The program accepts section 
properties (b. h. R). then for each position y inserted, the normal stress, the radial stress, and 
the shear stress are calculated. This program has demonstrated the ability to duplicate the 
stress intensification factors found in Roark and Young. Formulas foi Stress and Strain. Fifth 
edition. Kxamplc I. Tabic 16. p. 210 for normal stress. The program also was verified by 
duplicating examples in the source reference by Oden. 

Kor a circular cross section of radius a. the pertinent quantities .1., Q ;. a;:i A' A become 
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h -- >:K-: ( R : : ) * 4 R % "a0 

M R ' r 2 ( 1 : 2 UK sill \ at 

( au sin \ a v 
"—"-T—) l 

K ... . 
<R- a i ! " R-

i l l - T i 

(I M M 

+ : R R - .•>- aK tjri 
|R - a- l ' au tan (R- a - r 

and 

V/.-\ = 
>'. sin K vt>ŝ > 

The program dealing with circular crou* Mictions was checked and was found to duplicate 
results found in Example 2 in the a h o \ e cited table in Roark and Young. 
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