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. | ABSTRACT

An analvticai c‘aluauon oi the Oak Rndgc \auo'
1>-38 (solids shipments) was made to demonstra mpliance= with_ de
regulations governing off-site radioactive material shi : ages T]ick:ci?ahlalion ‘
cncompassed five primary calegories:  structural mlcgm), < bermal resnslancc ‘
~ radiation shiclding. nuclear cnucaln; :afcl\ and quality assurance. rhc results of
the evaluation show that the cask mmphcs with the applicable regulations.

l_abomton Shlppmc Laﬂt’, T |

L INTRODUCTION.

The ORNIL Shippiag Cask [)-38 was developed ai the Qak Ridge Nationai Laboratory.
The design was analyzed in 1968’ and recvaluated in 1974 10 demonstraie compliance with the
regulations. The results of the analyses are presented in Sects. 2 through 10 of ihis report. Vhe
package was inspected to cnsure that it was built in accordance with the drawings picsented in
Appendix A (Sect. LL1).

The primary use <1 the container is 10 prowdc chlcldm impact icsistance, and thermal
resistance for its contewts dwring both normal transport and hypothetical accident conditions.
The package is designed to ship fissile and large guantidies of radioactive materials as solids.
The package is authorized ‘o be shipped- by vessel- and motor vehicle. It complies with the
Nuclear Recgulatory Commission (NRC) regulations contained in the Code of Federal
Regulations, Title 10, Part 717 NRC Manual Chapter 0529 and &) Immediate Action
Directives (JAD) in cffect as of this report date. The cask also complies with U.S. Department
of Transporiation regulations published in the Code of Federal Regulations, Title 49. Part 173.°

The package is also certified by the Department of Traasportation as mecting the specific
requircments of the International Atomic” Energy Agency's (IAEA) “Regulations Tor the Safe
Transpcrt of Radioactive Materal,” Safety Series No. 6. 1967 Edition.

Calculations, engincering logic, and all related Jocuments which demonstrate compliance
with specifications are presented in subsequent sections of this repoiu Copies of the approval
documents are reproduced in Appendix B (Sect. [1.2). !

The shipping container was fabricated and originally assigned ORNIL. No. 4S1-148. Latcr,
thc Department of Transportation assigned Special Permit No. 5787 to the container. An
interim certificate of compliance has neen issued by the DOE-ORO. |

) *Retired. Current address: Roane State Community Collegs. Harriman, Tennessee,

‘ **UCC-ND Engineering Division.



o

v

1.} Description of the Package o
.

“The ORNL Shipping Cask D-38 (sec Appendix A) is illustraied in Fig. LI The cask

weighing 1359 Ibs. comsists of a 22-5 8-in.-tall cylinder that has an outside diamcter of 12-3 4
in. and a cavity measuring 6-1 16 in. in diameter by 13-12. 16 in. decp It is shieided by 2-3 4
in. of depleted uvranium. The oulside shell is 0.4]-in.-thick (nominal) stainkess steel. and the

-cavity wall i 0.28-in-thick (nominal) >tainkess stcel. The cask has a deplsted uranium-filked

closurc plug that bolts into the top of the cask. This plug is sealed to the cask bod_v by a
neoprenc gasket. The top of the cask is protecied during shipment by a bolted-down shroud to

prevent using the closurc-plug lifting cars as tic-down pomts. The shsoud-¥ -labeled. "‘Do Not-

Remove This Cover During Shippiag.™ The shroud nits ase secured by lockwires antl seals.

Tlrcuml) hzsadramloptrmumlctmlshmldthemkbclodednrunloadcd'«

undcfl'm;t.

The l:lsl: has two 1-in -dnm iifticg mmmons. ach of which has a 3 S—m.-lhlck by
2-in.-wide outer support sirap. The support strap is welded to the body and & o gn\cu additional
support by a triangular | 2-ia.-thick gussct plate. .

Figurc. 1.2 shows the ORNL. Shipping Cask D-3% disassembled on its skid with all of its
componcents marked. The cask. when loaded and assembicd. is shipped attached to the skid by

. lou! 2in. -dum stainless stccl bolts. : -

i.2 Contents of the Packape

The cask is intended o be uscd ta transpory fissite and large quantities of radivactine
material in the form o <olids. including mixed fission products. fucl clements, and waste
products. The solids will be shippcd in meta! capsules that have been scakd by welding.
brasing. or swagging. These capsules_will then be placed in a spec. 2R container (we Sect. 7).
“Special Form™ solids and “Special Form Containers™ may be shipped in the inner cavity. The
quantities of fissile materials carried are limited to 500 g of “U, 350 g of “"'U. or **Pu. or
350 g of any combination.

The radioactive material shall not cxceed & maximum thermal decay cnergy of 30 W,
Quantities greaier than 20 W may be carricd only if the package is transported in a vehicle
rexeried for the sole use of the consignor. The maximum quanii(ics shipped will be limited by
external dose rates’ and or internal heat loads.

2. STRUCTURAL EV/AILUATION

The package complies with the sructural requirements of the regulations (see Sccts, 2-6).
The calculations, test resuits, and engincering logic presented in the following  sections
demonstrate compliance with these pertormunce criteria. The effects of both normal transport
and specified accident conditions on the structural integrity of the package are considered.

-~
<
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21 Structural Design
200 Dncussion
The as-butht drawine for the D-38 cask 1 shown, and all other appheabl dravings arc

Usted 1 Seet. 1110 The prinaipal structural members of the cask are: (D the-cvlinder of cast
uramum. which torms the cask body and sty stainles . steel cladding: and (2) the closure plug.

"~ which consists of ane prece of urznwm abo clad with stainless <teel plate.

. _ . . . . . LoXsg .
L. uranium used te fabricate the shiclding for this cask was depleted to 0.2 - U

2.1.2 Fahricetion procedure

Cask hody. The 30-series stainless steel outer sheli of the cask was fabricated using 12-in.
sched 30 pipe to which was welded the 3 8-in.-thick bottomr plate and the litting trunnions.
Atter assembly of this weldment. the interior of -the outer she!t was machined to emure o
10-mil-diam clearance between it and the outer diameter of the uranium casting.

The 300-scries staimless steel inner shell and top were welded as a usitc the outer dizrter
of the shell was then machined to cnsure a 10-mil-diam clearance hetweea it and the inside
diameter of the uranium casting. 7 '

the hole tor the drain tube was machined into the uranium casting: the entire casting was
inspected for flaws. ctacks. and other discontinuities and was found to be suwitable for the
shicld of the D-38 crsk. : )

The uranium casting was assembled inside the outer shell: the inner shell was then inserted
mto plce. The drain tube was inserted inio its prepared hole. and a seal weld was made to
join th: inner shell and the drain tube. After inspection of the weld, the exterivr af the drain
tube was sear welded to the outside of the cask. After inspection of the second weld. the final
seal weld was run betveen the top of the outer shell and the top plate of the inner shell: this
weld was not a fell-penctravion weld.*

Cask cover. The closure plug was constructed in the same manner as the body, The top
plate and outer shell were machined ofter fabrication to provide a  [0-mil-diam clearance.
hetween the uranium casting and the pluz assembly. After assembly of the uranium in the
plug. the bhottom closure plate was scai welded to the plug: this was not a full-peactration
weld,

203 Lutectic tormation

At an interface o stainless steel and uranium, an allov with 4 melting point of about
1340 F can be formed under certain conditions. In the D-3% cask. this possibility is minimized
because of the gap designed into the cask hetween the stainfess steel weldment and the uranium
shicld. Helium was used to filt the gaps between the uranium shicld and the stainless steel

* These welds were not full-penctration because of the differences in thickness of the two meces
of metal being joined. However, the welds are sound.
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weldment. The helivm atmosphere prevents oxidation of the uranium metal.
Tests have shown that after 2 sample sandwich of 304 ataiqicss' steel and vramium was
heated to 1475 F for 1 br. a small amount of cutectic was formed.* 1t shouid be noted that in
this tese sandwich. the surfaces of the stainless steel and the uranium -.ere hoaed for intimate
contact. bn the D-38 cask there is a 10-mil gap between the compow.:nt parts: since stainless
steel has a greater thermal coefficicat. of expansion. this gap will incrcase slightly between the
outer shell and the uranium shicld (see Table 2.1 in Scct. 2.3). :
- The Fre in the “hypothetical accideat™ (discr-<ed in Sect. 6.3) is of only a 30-min
duration. and it is possible that some cutcctic will be formed; however. (1) the removal of
metal duc to the eutectic frrmauon Is expccled to be less than 1 4 in.. and the cask shielding
““ouH still be .adequate to shicld the source without cxccedmg lhq, rEqy

irements of NRC
\I.mual 0529 and (2) lhc tests® mdncalc that msuﬂ" cient cul-.uc \muld '

214 Thermal cveling growih ) ' 7 -

fhe uranium metal. as cast. probably has radially oricntated columnar crystals. Under-

adverse thermal cvcling  conditions. this tvpe of crystal orientation could. pr.duce some
alterations in the aimensions of the wranium castings.” It has been noted that if the top
remperature of cyehing ne er exceeds 300 1o 350 C (572 10 662°F), growth hy thermal cyvcling
» neghible” The temperatures experienced in normal transport are well below that range. The
renmperatures associated with the hypothetical accident thermal test are above that range, and @
change in the size of the uranium castings can be expected. Should an actual fire befall the
csh. the change in uranium casting size will depend on the rate of temperature rise. the
duration and 1op iemperatuse _reached, and the rate ol cooling. In any case. onc cvele in which
thermal retcheting occurs will produce no effect on the integrity of the cask since the thermal

eapanston stresses will be at a minimum due to the shighter greater coctficient of stainless steel

{~ee Table 2.1,

2.2 Cask Weight

I'he weight of the package, its parts, and the contents are shown in Table 2.2,
- 2.3 Mechanical Properties of Materials

|
I'he mechanical properties of uranium and stainless s ¢l are summarized in Table 2.1

3
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Table 2.1. Mechani:2l properties of uran-um
and stainless steel

Stainless steel e ?;,é; ;
Properties Symbol 300 series . -Uranium S
Static properties N g 5
: “ 3b ‘ 3;v
Tensile yield stress, psi “y 30 x 10 25 x 107
i ‘ .
Allowable shear stress, psi T2 15 x 103
A ) 1 ' e B Z’3é SRR
Ultimare shear strength; psi u 61 x 10 35 x10°
' . b OISR
Young's modulus, psi E 30 x'106 24.7 x,109¢‘<i53};{‘
Poisson's rotio ’ 0.3° R 0.23° - .
S B ! ; T e ) )
Weight densit, lb/in.3 . Y 0.233b,- S ,0,69£»~ s
- . ‘ L ) ) : b . B 'V L . 3
Thermal e¢xpansion coefficient, °F a 9.6 x 10 657 8.04. ¥ 104£
Dynamic properties . : - ' .
- - 4e o . e -
Specific eanergy, Smin . 10 x 10~e . b ox 10%
in.-1b/in.3 5 max 26 x 10%° 12 % 104° S ‘

®Beta heat treated and oil quenched.

bThe International wWickel Company, Inc., Mechanical ang rhysical Prope--
ties of Austenitic Chromjum-Nickel Stainless Steei at Ambient Tempera-
tures, 1963, - !

Ca. . Holden, Physical Metallurgy of Uranium, Addison-Wesley, Reading,
Mass., 1958,

dFifty percent of tensile stress,

€J. 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).

fIlandbook of Chuuistry ¢nd Physi.s, 45th ed., Chemical Rubber Co.,
Cleveland, 1964,

BC. R. Herrington and A. E. Ruehle, Uranium Product ion Technology, Van
Nos*trand, New York; 1959,




& '—.; s - Table 2.2. W.:'ghts of cask and cq_ntents " :

S ' T ' D Weight

"Cﬁgoﬁenii’ - ] j R (ib) S
Lo e s i Coset o

>

thofit ‘closure pluy)

s M o Akt it T G R

-

I 2.3.10 Dynamic p;tht'riic.s of urarium - ) L .
N -~ The litcrature contemed_ little dats concerning the dynamic COMPressive  propertes  of
‘- uranium; Fowever, tensile strength data were found in refs. 7-10. Tnc uranium in the 1-3%
‘ shipping containers was cast in a graphite mpld. and the grains in the casting are probably
- - aligned. Teasile strength data for this material are plotted in Fig. 2.1. Conscrvative
,, : \ approximations for these data are shown in Figs. 2.1 (dashed linc} and 2.2, Figure 2.2 also
: shows comprqs".ivc curves obtained by multiplying the tensile stresses by (1 + ¢) (1 - ¢). It is .
' assumed that, the truc stress-strain propertics of the material are tic same for tension and !
- compression.

- i

s s
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2.3.2 Shear strength of uranium

Infermation on the direct measurement of che ultimate shear stiength of uraniem was
unavatlable in the literature: however. suf. 11 indicates that. in general. vlumate shear strength

%)

™ appro_mmal:cl:y 70rc of ulimate temsilc s'rength. Furthermore. since tensile specimens generalhy
far! along a plane inclined 45 from the specimen axis. the uitimate shear strersth (54) 1y found
as followsy: : ' :

Tu T 0, €08 45% = (S1.000%0.7) = 35.000 poi. : (h

- - .

o= ultimate tensile strength. 50.000 nsi.

3. GENERAL STANDARDS FOR ALL PACKAGES

The general standards for all packapng cover the chemical and gahvanic reaction of ihe
matcriais of the package. closure of the pachage. and the lifting and tic-down devices for rhe
package.

3.1 Chemical and Galvanic Keactioas
- ' ‘The package is fabricated from stainless stecl and depleted uranmium. The oxidition ot
uranium in air at clevated temperatures was recognized in the design: therefore. the atmesphare
that is used to envclop the uranium is helium. The aranium s complete!y ciad with stainless
- steet plate. The cask was built using full penctration welds: the exception was the final closure
weld in which penetration was about 0.5 in. Recently. the shiclding cavity was cvacuated 10
determine tha, no weld had failed during previous operations with the cask and 1o backiill
with helium to prevent oxidation of the uranimm. Thus. no cxide film should tform on the

uranium.

When wranium is in contact with stainless steel. it exhibits a tendency to alloy at tae
interface at a temperaturc of about 1340°F (see Sect. 2.1.3). Under normal coaditions ol

“trensport. cask temperatures should not cxceed 300-F. Therefore. no reaction between the
uranium and the stainless steel is possible.

The fissile and radioactive contents of the package are in solid form and are contained in
inner containers {(sce Scct. 8). “Special Form™ material may also he shipped in this package as
well as material in “Special Form containment.” These containers and material will he 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 hetween the containers and their solid contents.
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3.2 Package Closure

lhe standards specity lhnl the package ~hall he cquipped with a pmiti\c closure that w. '

prevent inadvertent npr.nmy the package closure is kekl im place by uehtun 12 h\ H-\L
studs. Two of the studs are short and the nuis rest disectly on the op flange of lhc ch urc
plug. The cther 16 studs hine a 3 4-in. 1 by 1-1 X-in-OD space, beineen the plug [ TUU
Hlange and the nut to provide an incezased encrgs ebrorplion capacity. Six of the tatler studs V
are extra long to allow space for the protective shroud and the additional nuts 0t will hold
this shroud in place. All of the studs are drilled and tne nuts are slotted sao that cach nut can
be cquipped with a scal wire. The-cask closur is wealed with & 1 K-in-thick neoprene gasket.

. lhus. with the nuts of the cover and the shroud safety wired. this pac.kagc v equipped with a
positive closere that will prevent inadvertent opening.

A3 i’ackagc ifung Drevics
I there s a system of Jifting devices that is a structural part of the pachage. the
regulations require that this system shall be capable of supporting three times the weight of the

toaded package without generating stress in any material of the package in excess of s vield
strength.

LI Cask lifting prowions

Fwo cask hifting devices are provided in the torm of radial trupnions. cach fitted into
holes in the cask outer shell and supported outbourd by a 2-in-wide. 3 8-in.-thick strap. It is
assumerd that only one of thew devices will be used te ittt the leaded cask. Fignre 3.1 shows

o views of a truenion and support. Fhe load regquired to support the ¢« will be on-line
thiaugh the center-ot-mass of the cask, and the treamon as shown i Fig, 1.2, The
center-of-miass wi, assumed to be midway between the top plate of the shiclded plug and the
botiom of the base plate on the central axis of the cask. This point is ~10.75 in. above the
bare. The Bfung force is ortented 36 1o the plance of the base plate. which ix tiken to be the
horizontal datum. This force care be resolved into two cemponents, Fy = IW cas 36° in the
reference horizontal plane and Fo = 3W cos 36 perpendicular to the reference plane. where W
is the weight of the Ioad=d psckage.

The componen: Fy is resisted by both the outhoard strap and the cask wall at the
trunnion. Since the load is applicd near the strap, the strap abswhs gl of the load. Suppose
further that the entire load. Fe, is distributed uniformly over the trunnion-bearing arca, as
shown in Fig. 3.3, The magnitude of the distributed load. w, is

-, w = IW.in 367 /. = 3(1350 1b) sin 36> 1 in. = 2380 Ib-in., (2)
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o by !md B robted cssentally b\ 2 ;uncd beam spanning the ‘1uL-:~ iy \Ah:ch (‘hc truanion i
= . fixed. It follows that the most sever: moment is given by w(’ I‘:‘ the most severe sheas i
Srel T exphessed by -wZ 2. The critical location~ on the beam arc at the fixed cnds.

Ee IR Stresses 11 the cuned beam e cak ulated using cquations obiained from J. T. Oden For
Lk S cumcmcntr tnexe equations have beea included in Apptndlt G. The maximum stress . “Rorma -

1o 3 cross section of tac beam occuls at the lower face uhcrc R :

2 5 . “

_ ,'_tm.m)psifzpsampsi. B o Ga)

: In a cuncd beam. the point where the shear slress on a crms section is greatest is not
lwvm ‘@ priori. 't was necessary to calculalc stresses at man\ points using th. program
: ;dcxnhm in Appendiz G to frad the greatest shear stress: the numerical cocfficients used in
<o < Fge (4 (5). and (6) were calculated using this program. The greatest stress in this case Was
. Jlocated 0307 in. below the -cuatroid of the cross section. There. the shear stress was

onon (2o non( 2200 | "

= 10.200 psi. L \ .
- This shear was a:comp:micd‘by a normul stress of
. wl.}
. 7 =1 46( 12 ) . 15)
= 2300 psi.
and a radial stress of

AR
llu(l,)

- = 2300 psi.

woabidun ) i b

"y 2 - ) : E
—32.4( )a‘u 3&]!)) 3
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From Eqs. €41 (5). and (6) and using Mohr's circle indicates that the m~ximum shear stiess b

__,zloj!oopi.» T e .

- All of the stresses in lhc trunnion snppon strap are hcl-m the allowablr shear stress, 14000
psi. from Table 2.1.

As shown in an.3l lhcslraplsconnec(edlolhtclsklhmughlhu.ﬁlkluddsand to
a gusset plate through 3 16-in. fillet welds. Bending dcfovmuonof the welds s minimized by
tlxconstmmprouddhtbcunnmonandgmsopurcshc-armudd.-nsassunwdThc o
,tolalamofweldmounsthercfolr i R < T

3 = 2:;2/m= ) |
) The average shear stress at the weld roof is then
) = 2000 psi,
< h whi;h is well below the allowable limit.

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

A=7[(0.5+0.25 cos 45°) - (0.5)%] “

=0.654 in®.

The shear stress generated in the weld is



o . -
- - [ <
- . = <
E - -
- Al = IS
- B -
. -

.= 3Wo0s 36" X1350) cas 36°
A . 0654 -

TewLa2) 3a3s0) | o

| saG2rF° a2y’

- h - d:ﬂ:.u_c
- _ ) - . '

F10300ps,

where - .
¢ = distance from ncutral axis to the extreme fibes, =~ -

] I‘ = is moment of inertia of the trunnion.

~ Other principal stresses at that point would be zer0; and th‘p maximum shear stress would be

: | e = 10,300/2 5 5200 psi. ) (i3

—

According to Roark and Young', the highest shear :streu on any cross-sectional surface in
& solid circular- cylinder is 4/3(V/A), where V is the she r force and A is the area of the
section. For the 31V load on the trunnion, ‘

r= .;.\ .3;! l |4
| 3) 7 J\oesa) | (149

| = 4J00 Fi- ! ‘
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Since this ‘shear occwry at

O caused b, bcnding i§ )

where the stress was determi

ocCurs at the extreme inside
. developed to resic

¥ 3uszsy S -
"B “Esiey | '

an ©
= 1900 pgj, ,

Total stress ag the inside fibey is the sum of these two sireim, or
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and thixs, the plate and the rest of th: tie-down svstem are capable of withstanding the lifting o
oo “load. '
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34 Closurc-Plug Lifting Device

If there is a system of lifting devices that is a structural part of the closure plug onlyv. the
regulations require that this system be capable of supporting threc times the weight of the.
closure plug without generating stress in any material of the plug in excess of its vield strength.
These closure-plug lmmg lugs are quite small'in nature and the hole in the center of cach will
accept neither. a cast-lifting cable aor a hook ol anl size used in Jifting the cask. Theretore
only the weight of the closure-plug is used in lhn ualuauon As.an added precaution. the cask
is skipped with its shroud in- place. whlch prc\en!s the ‘use of ‘these lugs for lifiiag or tic-down

purposcs. -

The cask has two clmurc—plug lifting -lugs. one of “hlch is shovm in Fip. 3. 5 One Tug will
be vsed to support the plug. as shown in Fig. 3.6. The center-of-mass of the plug is assumed
to be mldvsay between the top and bottom plates. of '1.97 in. below the top plate surface. The
angle belween the Ilfnng load and the top plate surface s dctcrmmed to be 41° as shown in

"hg 36. - N

The entire load. three times the weight of the plug s rcslslcd b\ the top part of the lug
acting as a curved bcam. Stresses are calculated by assuming that the lug is acting as a cunved
beam spanning the hole in the lug and having fixed erds. The largest mor ent. M. produced in

such a beam by a point load is

M- 3W,L_ 31 5010.75)

8 8
=42in. Ib.
The largest shear force is
,_3W,3(150)
Veoght
=2'51b.

A2h

(28)

Stresses are caw ulated at many points across the 0.5-in.-wide and 0.25-in.-decp cross
section of the beam using the program described in Appendix G. The largest stress normal to

the cross section was found to be

972

72 ,
Tmax = —2—' 2 4900 psi.

129
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at the nside surface of the beam. This stress is a principal stress and is located at the inside
surfacc: other stresses at that surface are 7ero. From Mohr’s circle

Tmer = 9720 psi 2 = 4900 psi. (30)

The largest shear stress.on the cross section was found 10 be

r = 4860 psi. § ¢30a

and this stress was accompanied by a normal stress of
0. = 1050 psi (30b)
and a radial stress of
‘@, = 1050 psi. (30¢)
In this case. at the point of greatest shear, the maximum shear stress is
Tmar = 4900 psi. (3N
The 7mae 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 Fa.
normal to the top plate. These force components have magnitudes of
F. = 3W,cos 41" = 22T W,,
(32)

Fa = 3W,sin 41° = 1.96 W,,

and arc pictured in Fig. 3.5. The weld connecting the lifting lng to the top platc must carry a
normal force of 1.96 W,. a direct shear of 2.27 W,, and a moment of

M = F.{0.625 + 0.625 sin 41°) - F(0.625 cos 41°) = 1.43 W,. (33)

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

/= |l—7 [(0.5) + 20.25) cos 45°] [(1.25) + 2(0.25) cos 45°)°]  (0.5)(1.25)° (34)

=0.212in*.




From Fig. 3.5, tae area of the weld root s

A= {105+ 2025 cos 45%)] [(1.25) + 2A0.23) cos 45%)]) - (0.5011.25) (35)
=0.743 in°.

The peak vertical stress. 7. assumed to occur in shear .icross the weld root. is

F. Mc_196W, [1.43 W01.25)+ 20.25)cos 45°)]
s+ = _"¥V+ e (16)
A T 073 310.313)
= 1210 psi,

vhere

¢ = distance from the centroid of the extreme fiber.
The direct shear is assumed to be distrib#lcd uniformiy over the arca of the weld. We
have ‘

E, 227W,
= = P - / -
T A 074 305 Wy o

= 460 psi.

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

1.5 Tie-down Device
Regulations require that a system. of tie-down devices thut are a structural part of the
package be capable of withstanding: (1) a statf‘c 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 equa! 1o ten times the weight
of the package and its contents, and (3) a horizontal component in the transverse dircction
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 vield stress of that matcrial. Further, the
failure of ~ny tie-down device may not impait the ability of the package to mcet other
requirements. !
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Fhe ORNE Shepping Cask -3 normaliy shipped baited to sts skl as shown m bag

12 fhe plan tor fung the cash to the wehicde v shown v big 37 bour wire ropes e the .

shad o the wludde, Inoad Stion, tear wire fopes are attached to the trunmons and fie the Gesb
drecthy 1o the sehide. A shroud denies The use of the closure plug as o fie-down devwee
Both the ~ct of bolts and the wire ropes mieet the te-down regairements andepesdently and

hoth are oxamined below,

151 Tie-down polrs

The cask is attached 0 the skid by tour l-in. 8-NC bolts. The effect of the two horizontal

torces wiil be determined first and then combined with the etfect of the vertical fose  Figure 7

3% shows the two horizontal torces suncrimposcd on the plane between the cask and skid. The
horizontal forces are combined in a vector sum: ‘

R = [(IOW) + (SWY9) " = 112 W ‘ (3%)
where
W = the weight of the cask plus contents.

It is assumed that the cask acts as a beam cantilevered about its base. The momert produced
by the horizontal static forces at the center of mass of the cask, 10.75 in. above the hase
planc. is resisted by the bolts in tension and some part of the hase plate in compression. As
tor a beam in bending. a neutral axis can be identified on which normal stresses are zero and
which separates 2 sone of tensile stresses from one of compiussive stresses. The axiz is shewn
in Fig. 3.8 as linc n-n and is peipendicular to the force R. Distances of the bolts. the neutral
axis. and the x-x axis (which passcs through the corner of the base plate) are identified on
Fig. 38. The specific bolt distances are lfisted in Table 3.1. When only the harizontal applied
forces are considered. the sum of forces in the vestical direction at the base must egual sero.
The neutral axis is located by balancing tensile with compressive forces at the base plane.
Stresses are assumed to vary lincarly with distance from the neutral axis. but stresses are
assumed to be uniform acros: zach halt. We have

4EALtd. m %E(2habxa/d) = g, 39)
where

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

A

the cross-sectional arca of one bolt = 0.5510 in.%.**

A
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Fig. 3.8 Cask base plane.
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Table 3.1. Distance of bolts from the X-X axis

(refer to Fig. 3.8 for definitions)

Bolt Distance to 0-0 axis

i W2 cos (65° - 26.57°) - 5.75/Z cos (45° ~ 26.57°) = 1.6771 iu.
2 " - 5.75/2 cos (26.51° + 45°) = 6.8200
3 " 7 - 5.75/7 cos (135° - 26.57°) = 11.9630
4 " - 5.75/F cos (26.57° + 135°) = 17.1059
d. = the distance of tae w!ccmroid of the bok patiern from the x-x axis.
a = the distance of the :neu(ml axis from the x-x axis.
b = the length of the sl"pon side of the triangular arca.
From Fig. 3.8, !
e a V5 (40)
| cos 26, 57° 2
Thus, from the force balance ci‘qualion.
C 4AMd.-a) = | XS 4 @n

The single real root of this equation is

a = 3.1995in.

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

1

i

!
! t
i
I
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e . VI,
I = _-\h'.‘_’ (g3 aF + = 'k 2)
L3 ~ 3
= 055Iim? Y d, a?rT gt
. 52 1>

= (78t .

The 2W verntical force can now be included in d-:crmining the stress in the extrCme bolt.

If the 2W force s distributed uniformly over the four bolts. the holt furthest from the neutral
axis s the most stressed. This stress iy

W t M 43
o = P
A, 7 43)
L ILW0TSNITI05 3.1ms)
T H0.5510) 178
= 13.900 psi.
where
¢ = the distance of the furthest bok from the neutral axis,
M = Ro
R = horizontal static lorce. 11.2 W,
7. = center of mass of the cask above its base plate. 10.75 in..

i. in addilim;. the shear produced by the horizontal forces 15 uniform over all four bolts, the
shear on the most stressed bolt is

J VLI 11AEIS0)
TaA, HOSSIO) 144
= 6R00 psi.

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

k] 2 T /
[(———"(:00 ) uhxoo»’J e (45)

9700 psi.

TMAX

I

Hence. any commercial grade stecl bolt is acceptable. !
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35.2 Tie-down of cask 1o vehicle

Four individual wire ropes. each attached to the cas. at a steel restraining strap. res:rain
the cask and tie it down to the truck bed. This set of four 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 v axes on the-truck bed and the z axis placed in a vertical direction
“hrough the center of the cask atd shown on this drawing A single force with Cartesian
components of I0W. 5W. and 2W is applied at the center of mass of the cask and skid
assembly. This force will produce a displacement with components u. v. w. The cask and skid
arc assumed 1o move rigidly without rotation. There is no significant pretension in the cables.
The cables act only in tension and initiily + s assumed thar afl four cables are active.

l-rom the geometry of the cable sys.tem, the extensions produced m each cable can be
written in terms of the cask dlsplaccmem as follows:

-l _
x - 7.873 y 18.3)25

ey = - = v+ — ; 46
' [ 2 A “or

x 7875 y 183125
s T Nt ———w 47
A A A “
o X THTS v 183125 "
ST I L " 148;

: =l Tvr —w, 49)

- [xw7.s7sl y 183125
‘—————— u+ ;

where - -

I = ih" length of cach cable. and

L={(x - 7.875) +y? +(18.3125)*)'/* (50)

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

Us—f‘—(e, Cairetre), 5N




» The total potenml energy V of the svslcm is.

where

A = the cross-sectional arca of cach cable (in.})

E

the elastic modulus of the cables (psi).

In additicn to the applied force, there is a reaction wit® the truck bed. Thi. reaction is

conservatively assumed to be frictionless and consequently doc: no weik dunng the assumed ;

dlsplaccmcm T total work done by all external forces is thcn

—
—

IOWu+5Wv+2Ww. - S (52)

,V=U—!1-,‘\ 53
where .
. Vand W/ are given by equations 51 and 52.
* Total potential energy must be stationary at a point of equilibrium so
8V _8V_8V , ‘ -
-B—l; = E; = g =0. | - - ) (54)

If we writc

&V &V 6e, 8V Be, 8V be, 8V Se, ' ¢
=__ +— = (S5
_8u be, bu  oe; du +lie, du +6e4 Su’ &)

and

5V AE x — 7875 ‘'« — 7878 ‘
— R —— PR T, | —— ———
) ( e ( T ) 56)
— 1875 ([ x-787S ’
+2e, (-"--L-—-) +2e, ( “_T"—)I —10W
8V JAE -y -y ]
R l ey (T) *2e (T) - on

p .
+2e3({)+2e.({»>, ~SW

aiia
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Solving these three equations for the three displacement éomﬁdncnts gives:

- H It

18.3125 | (~i#141-1) 22

- 183126 .

cwowLe . - .
UE e el .

- ' - - v SWL:_l_V.: T v )
N N AE 4y2 B - =
1
AE 4(]8.3]25).’,‘ T - o

Substituting "q:. 6264
attachment points x and y.

into Eqs. 46-49 pives the following displacements

~
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PR PR L i
“w!
o

A

2! 5
2 =,-\-;v,l',t } '0_.____ N §+ e ‘()5]
4AE x 7875 y 183125
2 ]
ey = g‘i .__m.',(.,____ . 5~+ I ‘ (66‘
° 3AE| x 7875 y 183125
2 ?
e3 =!L— 10 + 3 + — (67)
4AE I x - 7875 y 183125
,» '-‘ _ Lo ‘; . ) 2 . - ) ‘
R DUNLL A O, U i (68)
) o 'AE .x~ 7875 y 183125

’Smcc wire: ‘&ablcs mnnot compress, ‘negative values of Eqs. 65-68 are not allowed. To
. investigate tlus rcstncuon it is assumed that the cables attach to the truck bed or lines that
. pass through the cemer Inne of the. cask and from angles of 45° from tne axis of the truck
. bed: hencc, =.v. ~

T

li was dclermlned that only cablcs 2 and 3 arc effective

. Tenslons in cables
N B TR forces in the x-dlrcctwn ang dir ction must each vanish,

s\ - [x-738
= )"Tz ("— 7 75>T,+10ﬂ=0 (69)

X X
sz 4ET3+5\_‘_’=0’ (70)

where T: and T are the tensions in the cables.

Solving for Trand T,, we obtain

el
(

, X~'..875‘)(5)
- L '\

n

x--v'l7.875>+low(_})£) . (72)
TJ’ - .

1 (277)(3)
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The distance x can range from near the edge of the shid tabout 22 inches) to the edge of
a truck bed (48 inches). The worst case (22 inche ) vields

T, =.7.67 W = 7.67 (1525 Iby = 11.700 lb. (73)
Ti= 149 W = 149 (1525 Ib) = 22.700 Ib. 174)

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

i y v
F,=10W= 15200= (-}___7'_8]5 )_T~ -\ L_Zils) T, (75)
’ L - L
X X '
F.=5W=_.7600==-T. - =T, (76)
y=5W 7 T: I T, )
RY 312
F,= 19700= _ISTIMS T. - '.’Lil 5 5 77

The x and y components cqual the components of the appli;'d force while the ~ component
was sncreased by the reaction with the truck bed.
The resultant load on the tie down end of the lifting fixture s:

R=[(15.2) +(76)* +(19.7)2'7? (78)
= 26,000 Ib.

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

26,000

202 7

T= (79)

= 12,900 psi.

{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 mects
requirements.
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4. STANDARDS FOR TYPE 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
ORNI. Shipping Cask D)-38 with these requirements is discu:sed in the following subsections.

4.1 lLoad Resistance
When rcgarded 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 distsibuted along its
length that is equal 1o five times its fully loaded weight: it should not generate stress in any
material oi the cask in cxcess of the yield strength of that material.

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

The maximum bending moment (M) is at [.-2.

wl?

Mmzx = Rl ‘80)

u'.~

2 38(20)?
2 8

=16.900in. Ih

)

where
w = unit bending load in Ib per linear in.

The moment of inertiz, /, of the cross section,

(re* 1%y . (81)

The maximum bending stress, Sy, is

My 16900(6.375) ,
s"’_._T. = -—l-.-ﬁ-é————-% psio. (82)
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w =5}.=333 o /in. W=1350 b
1 L=20in.
wd L e
R4-—2_ - Rz-L “

=3380 in-Ib =3380 in-Ib

(o} CASK AS SIMPLE BEAM

, ,/

(b} EQUIVALENT CROSS SECTION OF CASK

Fig. 4.1 Analytical model to determine load resistance of ORNL
Shipping Cask D-38.
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The maximum hornizonial shear. S.. accun at each end of the neutral axis,

4 R 4 335(
TS L"z_ = _‘“““_z""_)"”:'; = 46 pum. {(8%)
3 a1, ) 3 d6.375 3.063%)

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

4.2 External Pressure

The regulations require that the design of the shipping package he adequate to cnsure that
the comainment vessel will suffer no loss of contents if subjected to an external pressure of 25

3 psig.

The shell of the containment vessel is evaluated from the standpoint of withstanding
external pressure with reference to Paragraph UG-28 of the ASME Boiler anu Pressure Vessel
Code."

e IEL A (84)
do 475
do _ 4.75
B LY 5
| 0.125 3 (*3)

and the maximum allowable working pressure at 25°C

B
9500 .
Pa = _d,o = o5 - M05psig ()

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

External pressure would load the flat ends of the stainless steel clading: Tl maximum
thickness required for the end plates is calculated from the formula in Paragiaph UG 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 sufficicnt
support to prohibit significant deflection of the flat ¢nds duc 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 are met.

where B
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5. COMPLIANCE WITH STANDARDS FOR NORMAL CONDITIONS OF TRANSPORT

The regulations stipulate that a single package must be able to withstand the normal
conditions of transport without substantially reducing the cffectiveness of the package and
without releasing radioactive matenial from the containment vessel. The contents of the
container are limited so that the package will contain 10 gases or vapors that could reduce o2
effectiveness of the packaging. No cl.culating coolant other than atmospheric air is used, and
no mechanical cooling device is required or provided. The ORNI. Shipping Cask D-38 and s
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

The cask must be so designed and censtructed that af it were subjected to direct sunhight at an
ambicent temperature of 1301 in still as. its clfectiveness would not be reduecd. In addition. tine
temperature of the accessiblz external surtaces of the cask shall notexceed 122 F inthe shade when tully
loaded. assuming still air at ambicnt temperatures. B the cask s transporied inavehich: assigned tor the
wole use of the consignor, the maximum accessihle external surface temperature shall be 180 1

5.1.1 Heat transfer tesis

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 asphali-paved area at the Oak Ridge National Laboratory.

A test was run in which a heat source of 80W was suspended at tne centerline of the
internal cavity of the cask, turned on and left on for several days until a periodic hcating
(daytime) and cooling (nightime) cycle repeated itself. Temperatures were measured with
chromel-alumel thermocouples (1) attached to 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 surtice 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 shaie are given in Table 5.1,

The cask temperatures shown in Table 5.2 indicate the approximate maximum opcrating
temperatures of the gaskets on the cask and on the 2R container inside the cavity, assuming a
130> ambient temperature. Since the maximuin operating tempeiature of ncoprene. the gasket
m:terial for the cask, is 300°F and the maximum operating temperature of silastic, the gasket
material for the 2R inner coutainer, 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

Measured Extrapolated
Measurement location temperature (°F) temperature (°F)3
Top of cask surface 90 - 113
Centerline inside cavityb 142 165
Ambient 77 100

aExtrapolated to 100°F ambient temperature.

internal heat load was 80W.

Table C.2. Cask temperdtures determined in the sun

Measured Extrapolated
Measurement location _ temperature (°F) temperature (°F)3
Top of cask surface 107 144
Centerline inside cavityb 156 193
Ambient 93 ) 130

“Extrapolated to 130°F ambient temperature.

bInternal heat load was 80W.
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5.2 Cold

The shippuig package must be able to withstand an ambient temperature of <0 F in otill

air and shade.
U T. = 40t (420 R). and assuming no internal heat load. the final or maximum
pressure (P:) in anyv cavity sealed at a pressure of 14.7 psia and a temperature of 70° F §530°R)

1S
f - T | ‘.6.-‘ psig R ‘)
2 T s

The resulting pressure dutfcrential is less than the 25-psig differential pressure investigated
in Sect. 4.2. A wemperature ot 40°F is within the operating 1emperature 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 bacause the temperatures of these
components arc anove 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 Pressure

The regulations for normal conditions of transport specily that the package should be able
to withstand an atmospheric pressurce 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 cxert
internal pressures. Assuming assembly at 70°F and 14.7 psia. the resuluing pressure of any
trapped air is :

P T 14.71(750
SRR L MARELIN 20.% paiat 133 psig) . (8%)

P
T op 530

where
P, = assembly pressure, 14.7 psia.
T: = temperature under heat load, 750°R (290°F),
T, = asscmbly temperature, $30°R (70°F).

'The cask and its gasketed scals will he able to withstand this pressure without damage or
! . . 3 .
reduction in effectiveness of the packaging. and the container conforms to the reyuirement for
the reduced pressure condition of normal transport, sce Sect. 4.2,
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5.4 Vibration

The container v of welded construction and. therefote. vibrations received n transit are
not expected to aftect the mtegnty of the cask. In addition. the cask. which was built several
vears age. has operated in the transportatton envronment and has suftered nio M6 etfects as .
rosult of the vibrations that were encountered.

5.5 Water Spray

The containment capabthitics of the ORNLE Shipping Cask -3% are not compromised
water spray. since all external surlaces are of stanless stecl. The closure wal v impertious 1o
walsr.

5.6 Free Drop

The regulations for normal conditions of transport require that 3 package weighing less
than [0.000 b shall be capable of withstanding a free drop through a distance of 4 ft onte a
flat. osentially  unviclding., horizontal  surlace. striking the surface in a position in which
marimum damage o cxpected to result. A free drop of the ORNE Shipping Cask 1)-38
through a distance of 4 ft is expected to produce only minor denting of the outside steel shell.
It the package were dropped flat on ity top. repairable external damage would occur: however.
the effectiveness of the package would not be reduced. (See the analvsis of the Y-t free tall.
Sect. ).

5.7 Penctration

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

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

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 Ib.in.’ 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
the weight of the package. This is determined:
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where
W = weight of tuliv foaded contasner. [38) th,
Jd - diameter of contamer. 12 in.
I = thichness of contamer shell, .38 in.
The stress, S, created in the steel shell by a pressairs of 2 pst on the head is determined-
i
AN 212
= T s ST s 1o < S0 pai) 190
Froogzdl 33128035 P ' '

The stress developed in the shell by the imposed weight of five times the package weight of
470 psi was greater than the potential stress. and it did no? zxceed the strength of the shell of
the container. No credit for the addiional strength resulting from the uranium cash Hilling wo
taken. :

6. COMPLIANCE WITH STANDARDS IFOR HYPOTHETICAL
ACCIDENT 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 he designed and
constructed in such a manner and its contents himited so that, it it is subjected to the specitied
free drop. puncture. thermal. and water immersion conditions. the toliowing conditions would
he met:

1. The ieduction in shiclding would not be sufficient to increase the external radiation
dose rate to more than 1000mR hr at a distance of 3 ft from the outside surface of
the package.

2. No radioactive material would be released from the package cxcept for gases
containing total radioactivity not to cxceed 0.177 of the total radioactivity of the
contents of the package.

1. The contents would remain subcritical,
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6.1 rree Drop

Fhe hirst in the sequence of hypothetical accident conditions to which the cask must be
subjected is a dree drop of 30 1t onto a ilat. esenually unvielding, horizontal surface. strikar
the surface in a position in which the maximem damage is expected to oceur.

Damage to the ORNI. Shipping Cask 1)-3% was cvaluated by assuming the cask struck the
umviclding surtace in one ot three ditferent orentations. These included impact on: (1) the top
coraer. 2) the top end. and (3) the side.

681 dmpact on 1op coraer

TOA computational analysis (sec Appendix 11.3) was applied to a sinphfied cylindric.t cask
model to estimate the deformation ,csulting from a 30-ft corner drop (sce Fig. 6.1) with its line
of action through the center of gravity. Results shown in Table 6.1 indicate that by using

specilic energics for stainless steel that vary from 100,000 to 260.600 in.-lb in.'. the deformation

would sary froin 1.0 to 0.7 in.; this deformation would occur primarily in the steel because of
the large beanng arca between the steel and the uranium.

When the cask impacts on its top corner with its line of action through the center of
granity. the studs holding the inner cavity plug. the corner of the inner cavity plug flange. and
the corner of the cask will all contact the unyiclding surface at essentially the same instant,
assuming that the steel shroud is neglected. Neglecting the strength of the steel shroud is
justified because it is thin, will readily collapse. and is not designed to resist impact forces. As
a result, the flange. and. therefore. the naer 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 cxists between the cask body cavity and the plug. Deformation of the corner of
the cask is expected to displace the top stec! plate of the cask to further lock the closure pluy
in place. Because of these combination of effects, the towal deformation of the top cornesr of
the cask is expected to be fess 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.

6.8.2 Impact on top end

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

A computational model of the top cnd-impact orientation of the cask and idealized
stress-strain curves for the two materials, .stainlicss 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 for corner impact orientation of cask.
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Table 6.1. Impact on tap corner - maximum acceleration and
deformation resulting from high and low values of
specific energy in stainless steel

Maximum - Residual
deformation shielding Maximum negative
Specific energy 25 corner drop? ‘on cornerb acceleration
(in.-1b/in.3) (in.) 3 (in.) : {z)
100,000 ' 10.97 3.50 941
260,000 0.66 3.81 - 1380

*Measured along diagonal through center of gravity.

BMeasured 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. ‘

S=metSy . : 9N
S Sy
« =- T
m
where —
S, = the S intercept (appioximatc yicld &* ) of the line. and
m = the slope of (S ultimate -8..) ¢ ultimate,

i

¢ = strain.

For the stainless steel cladding or outer shell,

. S_ 40,000
€ = 80.000 40,000 = 1.25X 10°°S  0.50 . (92)
- 0.50
For the uranium biological shiclding,
‘ .5 35000 :
‘ €= 90000 25000=2X10°*S 005 . 93)

0.13
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It was assumned that strass in the column o “i;anium varics onlv with tinme and position.
or stated mathematicahy. $ = fITX). It was further » sumed that the stress in the 9.63-in.-thick
stainless-steel-heziom plate varies only with ume: that is. the stainless steel was assumed to be
weighticss and S = §(T). Wi this assumption. the compressive stress in the stainiess steel. 8o
is equal to the stress in the uranium at X = L. the point of maximum stress. S.. i the
uranium. To simplify thc mathematics without affectinz the accuracy. the area. A, was assumed
to b¢ unity. The kinetic cnergy «f the cask mast be stored in the uranium body and lhc
stainless-steel- top plate in the form of strain energy. =

. U= %MUZ = Wh = ALh = [Fuddg +F 3 (94)

L=20.}
i =f B St Aledx) + SS“ Alety .
1 -0 )

where

S X =Snl, : ' ‘ ($5)

s
i

= $.X. L

co _S.ibsti_luliiig for S and ¢ and dropping A = J and t = I, the strain cnergy

_ X L7200 [ 4
. U =,f {M [smx (107%y - 0.05]\ dX + 3, 11.255, 1107%)  0.50)  (96)
. X100 L vl )
o X=1=20.1 1§ 2 X S X ,
- . =*f [.sz‘( (10°%) - 0.05 —ﬂ'——] dX + 1.2SSE107%)  0.5Sm.
h~,‘? X=L=0 i I' "
Integrating,
B2 X 0.058mX? |* * o :
| U= [ 3;:;——— (107%) "‘—Z‘Im“—]x, . + l.:DS:n -0.65m- 97
Substituting values
l - — 2 . D . -6 005
(20.1)(0.61)360 = 3 Sm (20.1)10 Sm(20.1) + 1.25 x 107 S,° - 0.5S,.. (98)

© Simplifying.
m = (3.87 < 10YSm - 1.74 x 10" = 0, {99)

= 42,800 psi. | (100)
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Since the maximum stress. S, is less than the ultimate stress ted uramum (see big 620 01 s
concluded that the uranium biological shicld will not fracture as a result of the cash impactng
on cither of its tlat ends nor will there be any damage to the shield that could he consdered
hazardous.

6.1.3 Impact on sude

Impact on the side ot the cask such that the edge o1 wwe skid and the top cover of the
cask hit the unvielding surtace -imultancously (Fig. 6.3) will allow most ot the steds to be
loaded n tension. The impact torces will be disipated in bending the skid and detorming the
steel corner of the cask. Neglecting the energy absorbed in bending and deformung the skid and
assuming all energy is dissipated by deforming the stainless steel in the corner of the cash, a
computer analvsis was made (see Appendix (1.4 to determine the negative acceleriation rates
a2uad resuitant deformations. Results shown in Table 6.2 indiwcate that by using specific energies
of stainless steel which vary from 100.000 to 260.000 in.-lb in.' (see Table 2.1). the deformatien
would vary from 1.l 10 0.7 in.: trom Detail A-A it can be seen that this delormation would
occur principaliy in the sicel. thus tending to confirm the original Gdssuinption.

It will be assumed that the larger calculated acgative acceletations will act on the inner
cavity plug. The following calculations demonstrate that the bolts are sufficiently strong 1o hold
the plug.

Using the largest deceleration in Table 6.2 and applyving it to the weight of the cask hd
and contents, the torce. F,. on the cighteen | 2-in. studs holding the shielding pluy s
dtermined as follows:

Foos Wog = 20001262 = 232400 1h. (1oh

where

3
{t

weight of plug plus contents of inner cavity. 200 Ib,

= deceleration, 1262

b -]
|

The force. Fp. is applied to tie cask in the direction of the drop. The component. Fa. ol
that force applied along the axis of the bolts and tne plugs is found as follows:

Fy = l'psinfl = 252.000€0457) = 1150001, (102)
where
) = angle between line of studs and impact surface. 27 .
Sixteen of the studs have an uncngaged length of 1-3 ¥ in. and the other two have an

uncngaged length of § 8 in. Fach «f the 16 long studs has a 3 4-in. washer that has a
cross-sectional arca of ¢ 142 in’. ' which is the same area as that of the stud. From an energy
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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

Maximun Residual
deformation shielding Maximum negative
specific ener§y side drop on cornerd acceleration
(in.-1lb/min.>) (in.) (in.) (2)
100,000 1.06 3.37 852
260,000 0.72 3.72 1262

3Measured 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 arca increases the effective length of the long studs to 2-1 8
in. The studs are made from anncaled 4140-series steel that has the idealized stress-strain curve
shown in Fig. 6.4." It is assumed that the two short studs will fail in tension.

The force. F.. that is required in the short.studs to causc failure is found:

F, = ASwA = 2(90.0000.142) = 25.0001b. (103)
The clongation. A, of the short studs at failure is found:
A= ¢l = 0.27(0.625) = 0.169in. O (104)

At that time the long studs have clongated by the samc length and the strain is
determined by -

€= —= = 0.0%0 in./in. (105)

a _ 0169
L 2125

The idealized curve of the slope intercept form for the 4140 steel is
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" TUAL Sy= 90,000 psi

Syp = 63,000 psi

STRESS

«,=0.270 in./in.
€

Fig. 6.4 Stress-strain curve for annealed 4140-series steel.
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S = me + Syp. (106)
90.000  63.000 .
= — I = ¢+ O3 Y .
0.27
= 100.000 € + 63.000 .
The stress in the remaining long studs is
S = 100.00010.05) + €3.000 = 71.000 psi. (107)

~

The force, FL. which the long studs will resist without further clongation is found
F, = 16(71.000K0.142) = l61.30¢1h, (108)
F, +Fg = 161300+ 25600 = 186.9001b (>115.0001b) . {109)

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

6.2 Puncture

The second in the scquence of hypoihetical 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 unyiclding
horizontal surface. The mild steel bar shall have a diameter of 6 in.. with the top horizontal
and its edge rounded to a radius uf not more than | 4 in.: the bar shall be of such iength that
it will cause maximum damage to the cask. but not less than 8-in. long. The leag 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 abscrbed by the outer stainless steel shell with no
consideration being given to the uranium s!iielding.

The energy of impact will be absorbed by the 0.41-in.-thick cask stainless stee! outer shell.
Figure 6.5 iilustrates the configuration for this computational model. The absorbed energy. U.
1s found:

U = Wh = [525(40) = 61.000in.-Ib, (110)
where

2N = weight of cask, 1525 Ib,

h = drop height, 40 in. w
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Fig. 6.5 Model used for puncture analysis.
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The maximum ¢nergy imparted to the cask s 61,000 in.-lb. Consenatively. 100,000 in.-lb
is required to éeform 1oin" of stainless steel tsee Table 2.1): terclore. the cnergy of :mpact
would deform about 061 in' of material. When the cask strikes the bar. the depth of
penctration of the stainless steet shell would not exceed the depth oi a sator having a volume
of 0.61 in.> The arca. A. of the displaced segment of the stainkess steel shell is given by:

= = = 0.102 .2, ain
6

where
d = diametcr of bhar. 6 in.

The height of the displaced segment of the stainlcss steel may be found by sohing the
following equation for h.

r

- h ) - -
A=r"cm"( ) (r- hw2eh  p3y'e, (1Y

4

where
h = height of segment (er 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 ragnitude would not reduce
the effectiveness of the cask.

6.3 Thermal Evaluation
6.3.1 Hyporthertical 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 coefficiert of
0.8. The package shall not be cooled artificially until after the 36-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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A moditicd version of the computer program. HEATING-3 7 was wed to determine the
wmperature distribution o! the cask when 11 v exposed to these thermal environments fhe
computational mode! representing the ORNE Shapping Cask D=3 o aliustrated o by 6.6,

it wis asvcumed that the container was loaded with the mavimum permisable decay heat
foad of ¥ W and that natural comcction was a simgniticant mode of heat transter i the Large
intertor s gaps. Matural convection was neglected o the smatl internal gaps. leaving radiation
and conductior o the onli modes of heat transfer across them. The temperature distrihution.
hased on a 100 F ambient condiion. was used as input for the statting temperatures in the
hypothetical thermal acaident thire) calculation.

the damage trom the tree drop and puncture portions of the hypothetical acadent would
not adversely attect the pertormance of the comaner i the hypothetical thermal acadent.
Henee, the undamages configuraton was assumed. bhe shroud. whichk would help seduce heat
nput to the cask in a firc tsee Figs. 1.1 and 1.2). v s r{cglcclcd.

6.3.2 Thermal properties of materiglh

The thermal properiies of materials used to compute the temperature distribution under
steady state and transient conditions are listed in Table 6.3

633 Thermal accident analvsis

sk temperateres were tollowed tor 3 hr atter the conclusion ot the tire: no artificial
cooiing was assumed.

The stainless steel uranium-shiclded cask i an excelient conductor of heat with few air

gaps to act as insulation. The cask fheats and cools quickly. The neoprene gaskets on the
closure plug and the O-rings Imaximum temperature 3507) on the inner-cavity drain plug will
be destroyed in the hypothetical thermal accident:” The temp2-ature of the inner container (sce
Fig. 6.7) rcaches a maximum of 741°F at 95 min after the -tart of the test. or 66 min after
the end of the “fire.”
At 1hat temperature, the seal of the 2R container may be damaged. However, since all
radioactive material is contained in capsules that are scaled by welding. brasing, or swagging
inside the inner container, there will be no release of activity to the cavity or 1o the
cmvironment. Consequently, the cask meets this part of the regulations.

6.4 Water Immersion

The fourth in the scquence of hypotheticai accident conditions to which the cask must be
subjected . immersion in wat~" . such a manncr that all portions of the package arc under at
least 3 ft of wau~r for a period of not tess than ¥ hr.

It is assum:d that all rubber gaskets will be destroyed in the fire. However, since the solid
radioactive .material s contained in sealed capsules whose ntegrity has remained intact
throughor. the accident sequence. no material will be lost. In addition. the modcration
dfforded by the water (sce Sect. 7) is not detrimental. Thercfore :Jhc cu:sk will meet the water
immersion requirements, ’
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Table ¢.3. Thermal properties of materials of construction

Thermal
Temperature conductivity Density Heat capacity

Material 2 [Bru =i fe-! *H-] b in."3) [Bru 1b-! (°F)-]]
$S-304 NTD 9.4 0.29 0.12
Uranium NTD 19.0 0.683 0.028
Neoprene  NID ' 0.11 - 0.05 0.471
AirP 0.0 0.013 4.97 x 10-5 G.239

200.0 0.017 3.47 x 1075

400.0 . 0.021 2.66 x 10-%

- 600.0 ©0.025 2.16 x 1073

800.0 - 0.029 8.17 x 107° 0.256

Source NTD 31.8 0.0361 1.0

a
Temperatures denoted as NTD fndicate nontemperature dependent constants.

bAir 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 HEATING-3 analysis of ORNL Shipping Cask D-38,



7. CONTAINMENT

The regulations”* require that packages in which fissile or large quantities of adioactive
maicrials a.c shipped must mainiin containment of radioactive contents und r the stipulated
normal and accident conditions of transport. The containment boundarics aid capabilities of
the ORNIL. D-3% cask are discussed in this section.

7.1 Containment Roundaries

Ihe containmen: boundarics for the ship;ﬁng opti_ns availzble with the ORNL D-3% cask
are (a) the cask cavity scaled by its gaskets. (b) the Spzc. 2R container sealed by its gasket.

and finally {c) the metal capsules containing the solid radioactive material. sealed by welding. .

brasing. or swagging. This latter line of containment is considered the primary barrier.

7.2 Requirements for Normal Conditions of Transport

The wealed metal capsules contained inside the Specification 2R containers will withstand
temperatures and pressures in excess of those encountered during normal trasport. Thus, no
release of radwactive material and no loss or contamination of coolant will result from

_exposure of these containers to the normal conditions of transpor:. The test sequence for

speaial 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 containinent vessels 1o the
normal conditions ol transport. Any pressure increases will Le less than those experienced in

- the accident sequence. and consequently there will be no loss or contamination of coolant (airj.

Exposure of the ORNL D-38 cask to the normal conditions of transport will not result in
a loss of secondary containment and the temperatures encountered will be within the operating
limits of the miterials forming the boundary of the secondary containment.

7.3 Containment Requirement During the Hypothetical Accident

It has been concluded that sccondary containment will be Jost as a result of exposure of
the ORNL D-38 cask to the hypothetical accident conditions. The free-drop condition of the
hypothetical 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,

- N .
T e
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duculity at 'temperaluti:s as‘,;lo\v as.
ASME or ASTM specifications. h

VIIF® vables for a !empcraturc of 500°F ‘
The 2R containers uscd in“the D3¢ cask will h’apvejﬁe_ m

Sect. VIl of the ASME Boiler and Pressure Vessel Code. “The &q

these thicknesses are the applicable equations for sumg pressun: v
: in Sect. VIII of the ASME code. The applmble equauo

Eq. (1)in paragraph U(; 277 - '

where 7 < N
1 = wall thickness (in.),
“r = radius of container (in.), - -~
S = alloyable stress = 10.300 psi.

E = joint efficiency = | for 2R containers.
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Fig. 7.1 Pipe clement 2R container.
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Fig. 7.2 Details of typical flanged 2R container.
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Table 7.1, Dirension schedule for Specification 2R containers

Dimensions (in.) for symbols

shown in Fig. 7.2 Bolt
d tg e h ta No. Size
2 3/32 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
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The applicavle equation tor determining the thickness i i top and bottom heads i kg (D
in paragraph UG 34:

) o (15

L e
]

l:d('(

whe, 2
d = dumd-ter of head (in.).
C = factor dcpcndcht upon method of attachment used for head.

The Stress in the bolts o1 polted 2R containers resulting from internal pressure s given by
the ». stion

o; = (pA) (NAY = dp.-d:) (4nA,). (H16)
" where
p = interpal gavge pressure (psi).
A = arca of container lid exposed to internal pressure (in.").
n = number of bolts.
A, = 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° nA..
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 onc S 16-18 bolt is 0.0524 in.”"" The resulting

" stress is
g = 20m5.75) 4(6)(0.0524) = 1652 psi. O

The Specification 2R containers shipped in the ORNL D-3¢ cask are fabricated in
accordance with ORNI. Quality Assurance Procedures. Applicable approved ORNL. oarocedures
arc used for welding, and all welds are inspected in accordance with approved CRNI. weld
inspection procedures. The bolting for the Specificaton 2R container is increased beyond that
required for pressure tightness under «he hypothetical accident conditions. Some dimensions of
these containers arc increased beyond the calculated values or those required by Specification

2R 1o facilitate fabrications. Siliconc rubber gaskets or metallic gaskets made from metals with
meltirg points higher than 800° F are used in 2R coptainers shipped in the ORNI. D-38 cask.
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K. CRITICALITY

The analvsis tor the single cask given below s adeguate for an infente asrar ol similas
containers.

8.1 Fualuation of 2 Single Package

A cniticality apalvsis has been made (see Nuclear Safety Review 758 in Appendia 11.2).

Since the quantity ol fissile botopes carried s below ali roinimum critical masses for these
isotopes  under optimum moderation and reflection; since the cask effectively olates the
contents from ncutron teraction with packages of similar design, unhimited numbers could he
stacked with no cnticality problem occurring. Thus. the package is adeguate for Fissile Claws |
Shipmenas.

9. SHIELDING EVALUATION
9.1 Discussion and Results

The cavity in the ORNL Shipping Cask 1)-38 is susrornded by a 0.28-in.-thick stainless
steel inner shell and a 0.41-in.-thick outcs stainless steet sheil. The shiclding cavity betweer the
two 15 filled with depleted uranium <hat is 2-3 4-in. thick. In addition. the cask contents are
limited to a source of the DOT regulations.' Actual measvrements made with a 20 ¢i *“Co
source in the cask gave a reading »f approximatelv 20 mrem hr at the outer surface.

The shiclding effectiveness will not be reduced py the conditions of normal transport or by
the hypothetical accident. —

10. QUALITY ASSURANCE
10.1 Fabrication, Inspection, and Acceptance Tests
The D-38 container was built prior to th: adoption of a formal qualiry assurance program
oy the DOE and ORNI. A formal quality assurance program has now been prepared

(ORNL TM-6471), and futurc shipping containers will be constructed in accordance with the
provisions set forth in this program.
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11.1. Apoendix A: Drawings

ORXNI. Shipping Cask D-38 Assembly and Details
M-1Z133-CD-12h-E

Gther Associated Drawings

ORNL Shipping Cask D-38
M-12166-CD-022-D

Page
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112 Appendix B:  Appraval Documents

Second Revised Spccial Permit No. 5787
Third Revision Special Permit No. 5787

Interim Certificate of Compliance
AEC OR USA 5787/BLF

ORNL Criticality Committee Nuclear -
Safety Review Request No. 777

Letter ORNL Transportation Committee
of Approval of Iuternal Review of
SARP

Date

Oct. 1, 1969

Aug. 26, 1971
Sept. 21, 1973

May 23, 1975

Nov.4,1977
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DEPARTMENT OF TRANSPORTATION

HAZARDOUS MATERIALS REGULATIONS BOARD
T WASHINGTONM, D.C. 20388 .

Ay e sl e

SECOND REVISED SPECIAL PERMIT NO. 5787
(COMPLETE REVISION) .

iy

This specfal permit is revised pursuant to 46 CFR 146.02-25
of the U. S. Coast Guard (USCG) Dangerous Cargo Reguletions:
and 49 CFR 170.15 of the Department of Transportation (DOT)
Bazardous Materials Regulations, as amended, and ou the basis

L ~ of the August 19, 1969, petition by the Oak Ridge National " -
B '%ﬁrgtm end their original petition dated September 17, , g

_ 1. Shipments of fissile and large quantities of radioactive
_wmaterials, n.o.s., are hereby authorized in the packaging as
described in this special permit. This packaging, when con- : i
~ structed and assembled as prescribed herein, with the con- -1
tents as authorized herein meets the standards prescribed in ‘ f
the DOT regulations, Sectiens 173.395(c)(2), 173.396(c)(3), -
. ' and 173.398(c). Shipments must be in accordance with the pro- -
e * - wvisions of the U. S. Aturic Emergy Comafssion (USAEC), Oak
- - Ridge Operations Office upproval dated August 29, 1968, and
as further provided for horein.

‘ 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 cupy of this permit in his possession
before making any shipment. : P -

(e
b it s s Ty

T TR T T T e e

‘ 3. The packaging authorized by this perwmit consis:s of a

: stainless-steel clad, depleted uranium-shielded cask, which ’

| is a right cylinder, 12 3/4" 0.D. by 22 5/8" high with a 6" .
diameter by 13 13/16" deep central cavity., The uranium 4
shielding thickness is 2 3/4". Cask closure is by means of
a plug-type uranium-shiclded top 1id, with bolted, gasketed
closure. The cask weight is sbout 1300 pounds. Contecnts
must be loaded within DOT Specification 2R or equivalent,
primary inner containment, with liquids to be additionslly
contained in polycthylene 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.

v aekpe ) S

|

|
i |
i |

|

|




‘Continvation of 2nd Rev SP 5787 Page 2 ,

&. The contents of cach package suthorized by this permit
consist of fissile and large quantities of radioactive mate-
riel n.c.s., in the form of solid and liquid rixed 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 radicictive material contents shall not exceed 500 - : r
grems of vranium-235, 350 grams of uranium-233 or plutonium- o= T
<239, or 350 grams of any ccmblna:lon thereof. ‘

S. The authorized packaglng meets the requirements for ship- b "'
ment as Fissile Class I. The transport lndex ‘must be assigned , oo
bued on external radiation levels. - : ' o

6., “The authodzed package described herein is hereby certi- W e
fied as meeting the speciﬁc requirements. of the Internationil - o e T L
Atomic Energy Agency's (IAEA) "Regulations for the Safe Trans- - ' :
- port of Radiocactive Haterial" Safety Series No. 6, 1967 edi- , e
-tiom, as. follous: -~ - , : ‘ ’ -
Ha:gina‘l C-6.2.2 - The package design meets the
tequlrements for Type B packaging for radioactive -
uterials.

b.ﬁgs:gmal C-6.2.3 - The package design meets-the
requirement.s for Type B packaging for large quantity
(source) radioactive materials. Specifically, the : =
packaging design meets the requirements of Hatginal .
€-6.2.3.1(a) for unilatersl approval. ) ¢

‘Margina) C-6.2:4 - The package design meets the o L
tequiremen:s for Fissile Class I shlpmnt.s. L

d. Marginal C-2.4.3 - The packaging design 18 based ‘ L Ce :
on the ambient conditioms. [

e. Marginal C-6.5 - No special ttansport antrols .
are necessary during carriage and no special arrunge- BRI
wents have been prescribed except as specified herei.n. o & 5

[ANFRE
£

7. The outside of each package must be plainly and duraﬁly B L e
marked "USA DOT SP 5787" and "IYPE B", in connection with aud - - e f
in addition to the other markings and ’1abels prescribed by the: -~ S
DOT yegulations. Each shipping paper 1ssued in connécticn with - R
shipmer =s made urder this permit must bear the notation *HOT ... o e o
SPECIAL PERMIT NO. 57877, in connection wlth the conmduy Tl
description thereon. ‘ -
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Continuation of an Rev SP 57¥7 Page 3

8. Each package must have its gross weight plainly and dur-
ably wmarked on the outside of the package.

9. This permit authorizes shipqents only by vessel and motor
vehicle.

. a.-},@“:.‘.\..,‘(v boagesee

- - 10. For sbipr-ents by water: -

8. A copy of. this pernit wust be carried aboard

s any vessel transporting radioactive -aterial under
, tbne terms - . :

b. -The’ shipper or agent shd.l notify the USOG E
Ceptain 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 wade, end of }
the tiue, date, end place of loading or unloauing. .
When the initial notification is given in a port
area, it must be accompanied by a copy of thi.

~ | o perm.t, addrcssed to the attention of that Captain
w0 of the P-rc. .

¢. Packages shall not be overscowed with any other
= ze8¥gv: 1f stowed below decks, the hold or compart-
: - (;,__,._ ;ent in which stowed must be ventilated.

Si:s 1l The. sbipper is reguired to furnish an experience report to
~  this Boaxd before expi -ation of the permit and when any amend-

: <. - went is requested.” This report must include the approximste -
& . & nusber of packages shipped, and the number of packages involved
S R fn any loss of contents. The modes of transportation used for ‘

: _;these sftipments must also be shown.

S “12. prior to ‘edich shipment authorized by this pemit, the L L
= shipper shall notify :the consignee and, for export “shipments,
the_competent authority of any country into or through which - o
C t&eyackage will pass, of the dates of shipment and expected
arrival. - The shipper shall notify each consignee of any - =
“special loading/unioading insgruetiom yrior to "is first ship- [
’umt. - -

i, h\y inﬂident Amwolving Toss of contents of the packae.e st

. " be reported to this Board-at the carliest feasible moment follow-
c ing the incidcnt.
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. Icsued at Hashington. ¢C.:

ﬁ. R. Fiste
For the Administrator
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14, This. pemit does not relieve the shipper or carrier from
cowpliance with any requirement of either the DOT regulationms,
including 46 CFR Parts 146 to 149 of the USCG Regulatioms,
except as speciiically provided:for:herein, or the regulitions
of eny foreign goverment fnto or through which the package
will be carried.

15. ‘l‘his pernit expires Septembet 30, 1971 and may be ‘revoked
for cause at _any time, , )

<

%W

- For the Commandant
V. S. Coast Guard

.Lc_s%dé L% ¢
atef

Fed.ral Highway Administration

~

Address all iﬁqﬁiries to: Secretary, Hazardous Materials - -
Regulations Board, U.S. Department of Transportation,
H&.shington. D.c., _20590. Attention: Special ?emits.

~

M‘Lta .’ b' d, h’ l
nsazc, Oak/RLdge, Iemeuee/

s

-

gkl /;7,-

s B. G. Grumly*-eap / ‘ (Date)



[’ I\ \ﬁ DEPARTYMENT OF TE:ANSPORTATION
o J e HAZARDDUYG MAICKI LS MiGULATIONS NOAKD
‘{'\' j’.’ WASHINGTUN, O C. 10530

v

SPECIAL PIRIIT NO. 5787
THIRD REVISION

Pursuant to 46 CFR 146.02-25 of the U.S. Coast Cuard (USCC) Dangerous
Cargo Regulations and 49 CFR 170.15 of the Departaent of Transportation
(DOT) Mazardous M::erials Regulations, 2s amcnded, and on the basis of

the July 22, 1971, petitfon by the Oak Ridge Ratjonal Laborstory, Oal®
Ridge, Tennessec:

~

Specfal Perait do. 5787 is hereby amended by revisiag paragraph (15)
te read as follows:

*1S. This perujt expires on Septezher 30, 1973."

} All otber teras of this pernit, as revised, remafn unchanged. The
| complete perait currently in effect consists of the Second and Tnird
Revisions. . C

Yssygd at Washington, D.C.:

ﬂ , ] 21 s 2

) A _____k_ (%n 1
R R.G. Schy7 ti; Capt. (DATE)
TR o T Far the Cocmandant : '

R ) U.8. Coast Guard

flmf%ﬂv | 26 AUG 1971

W.R. Fiste . (DATE)
" -For the Administrator
Federal lizhway Adainictratioan

Mdress o1l inquirics to: Sccrctary, Mazardous Moterfals Rezulations
- Doard, U.S. Departrant of Tceoasportation, Varhingtoa, D.C. 20590,
Attentfon: Special Peruits.

Dist: a,b,d, h, ¢
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M. #l' UL ATOMIC ENCRGY COMIRSSION
SBCm 00 ) CERTIFICAE OF COMPLIANCE
Y ) : For Rasicacvee Maverats Pach vers
W eow . ' .
AEC wa SBIBF | o ey ekt ndads
L Awariny

Thin oralmw & il porvesrt v Sortons 173 398, 173 X35, and 371306 of he O LAL
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Raguivnions ox rnated 49 CFR 120130 ong 1 CF I 10N, 078 SEC Manvet Chageors $201 g 0528,

& comomons
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N Ppwedny N “""3'51 [-3

[~
Oak Ridge Mational Laboratory : : =
P.0. 8oa X 0
Oak Ridge, Tennessee 37830 _ - 1 Octaber 1958
T The pachanag draraes = vhe SARE 5.0 1urtiey GEacvsild W W & Dbitur, sotuew pow » "o SANP,
with Gu - Mva, e B > w OOT sopuint S=ma = :

0 THo ovhide oF s5ch Sacsgs MU T8 /0aly S0 GuraBly evs 1S vt TR ISTINrD S uETIS TRGVIN 59 SO 18. O IR SOV s SCCOACINCS
Bl O R her st oup o g apoen $712400) oF SYCFR 12D
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T & Dusrigtion of P achsprg nd Avthe c [ , 0 g

A. The packaging consists of a stainless-stes] clad, depleted (0.2 wts 23%U) uraniua
shielded cask, which is a right circular cylincer, 12-3/4° 0.0. x 22-5/8" hich with
8 6° 1.0. x 13-13/13" ¢eep central cavity. The uranium shield is 2-3/4" thick,
Cask closure is by rears of a plug-type uraniva-shieléed too Vid, whicn is to!ted and
gealed with two necorene 7°-rings. Contents sust be loaded within a 00T Spezifica-
tion 2R or equivaient, primary inner containcent, with Viquids to be addition.liy
contained in polyathyiene or stainless bottles. The gross weight of the package is
sbout 1300 1b.

8. The avthorized contents of each package consist of fissile and large quantitirs of
radiozctive material %.0.S. in the forn of solid and 1iquid mixed fission procucis,
fuel elemerts, or wiste products. The maximum tnemal decay energy of the lontents
shall not exceed 80 watts and the total radicactivity shall not exceed 5CO curtes.
The fissile radiosctive material contents shal} ot exceed 500 g of 235y, 350 g of
233y o 23%y, or 330 g of any cosbination. - :

€. Shipments are authorized as Fissile Class I. Tina‘Transvort Index {s assigned oa the

basis of external raziation levele, -
L] e auirarycnd bv_vessel and rotor vehicle,
7O &€ COAVPLETED €Y ALC

s, Adgrn tof ALC Appenng Oifwiet) &”mm}“ﬂvmwm
é e " S
S N T
g.: :ot:l;c Energy Commission = *:',"I'."('-'“‘ —
oWe N ] S
Osk Ridge, Tennessee 37630 ._.‘S”aitg;.l f 'Tfigﬂg;n?'fﬁit:"d piviisen
. 6 Co.rvpren Dore w1 sereonom) 7. Daw
Seplenber 21, 1673
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REQUEST FOR NUCLEAR SAFETY REVIEW | o=

This smquest nuers ogrv-!;m; with Lianie raterial in a contru; atea and e a0 material - -
fransfers that ongunate w:hin the contol arra The cunfel atra sopttaingr shall compiete mE 1M

the Diocks Srivw 83 deacnbe he peress and nr aperatinns t; be preformed emphatising <
the pravamas for nartesr cntirality sﬂn-, on the myerse wde Af i zage. This requear -
shell be apprrved by the Raduarion Crarel Ofticers <f e wriginating Divition and the - ”.;i..! u ‘m
. . Davinsan's) 10 which st iio matenial wiii he trannferred - 244

TITLE, CONTROL ARES AND SUVAARY OF SASKC CONTROL PARAMETERS

iTe be lo-.".-ld ?, o Cantrei Asoe Suporv.sari .

. N Y O TR k) T:;”-mn' {ﬁ'-'t:u-n- -
Ureaiws Saielded Cask D-38, with fice ahald Wn KA ad
. Ehmrany segs ,n“ e - Xl-.n.n.c . ‘eviiion i -
. . ! {wosm: : Cham,  ‘Tosh, uv.

- < C e ek toplloucble " - - -
- TYPE ARG F it OF XA TEMTA |- sized fiseten profests, fusl Slemmsts or waete , .
: TUDTTRTET L in et salia - A

T ROTOMC ENUCHIENT A, | o Y o
) ~ e e, L 3N gras of say sabimtion e
- (3] IWI.I'IODI'-\.D"I-,QKP -

= Quantiry ;. fes ahove :
PR oF ;r'ov-; i~ CORTEG: smpa " o o v
g Fssnt | Jot spplieshle - ‘ S -
- BOTOPES  (TGTAL YO BT PASCRNSEC - ' T

- N Concentration o Dervtaty ‘ E
of Fisyile Materiat H ot limited -
+ —_ P
N ‘“paceng of Fitnle Units i -
Cless 1

Proximety an8 Type of Neutron Refieciors

’ or Adjacent Figsele matereal : Mot w -
Livit on Made:stion Fot spplicsble ) )

C e ¥ A - e e N R, - PR PR,

; Lt on Meutron Auzorbery - Wot spplicasle - - :
| . g

Lemn ua VM or Dvl'l\lm;

of ContLawners : M"G‘& “”Wmh”

I . ?ns! .lOU!ST ‘.00!"!! REPLACES: -sm L1

: 6T, b, 3, T30

RECOMMENDA TIONS : » -

{Te be complerad by the Crticelity Commirmel

This endorsement 15 based o ous present understanding of the nperation (whether acquized verbolly or in wanting) end s _
subject to review and canceliation. :
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- : PROVISIONS FOR NUCLEAR CRITICALITY SAFETY ~ . .
iTe ue somplated by %w Contvel Aot $upe-c.sorl et T )
- B Prov:sicns for nuclest (afita. . sefen shall be dracnuibed brive in accordance -;rh Appendices I and ﬂldﬁmv “
i Menual (haprer 030 Thiy sha' .acliude bowef desoniptions o the process and o all opriet itz to be putm-td plsns and - : :
- pricedures far the upe-atints fur nurlear (ritiCaliny talety and the Satic control patameters Please attack 1) copies of - " - b .
. : reterenc e * draw =g and docuaients ; o B s
i - ) Ammmmmummmun&um—nﬂb PR
i i , bh-tnllhth-.. b-d-\h—l&q-a—dmumum TR :
.g i Lo . - ) . T Lc:
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B § _ - . “ . T,
i L . -
- . o - N
Po- . ) - oL
\ - CRIYICALITY CONOCITTRS -
.‘; 3 . - Lok , T mmm
o - - , .
H : . TxPiRaTion OATE ) ¢
! : - . |_uly, 1900
P ’ . : - - i
1 . WXETAVSh CERTHSL S"'El_'v v " SUILDING -
i - vfooN
; ~ #A0IATION ConTmOL OF NIETH  CONTRO, OFFICER 0IViSION .
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By trigonometry. -

X = rlcos B - cos A).

Y=Xtana = tan-o r(cos B - cos A),

dZ = r'cos BdB.

It fuliows that, , e

“du

XYy 4
2
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and

U=3dU = S“‘V : (-7

-

Thic expression can-be mdll) solved using the computer. The value for the angle A can

"~ be 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 compéxtd with the casks potential encrgy. In this
manner a calcufated ‘impact history is produced. The program alo computes other vanabies
using the cxpresslons below: The maximum deformation. &,

A=smnall —cos:\)(r). ( (11-8)

The applied force. F, F = dU:dA. and the acceleration. a. was computed irom the equation
L
a =y Ny (11-9)

2

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

© ARE = U = ‘“) (Vo? vz) ’ (1i-10)
nr ;
v (Vo %:3)”2 = [(%) wh u)]m (11-10a)
where | \
V. = initial velocity,
M = cask mass,
W = weight,

h = drop height,
g > gravitational constant.

The time is computed from the relationship




<

a = dv dt (-t

or
(11-11a)

and summary techniques. , .
The computer program is given and the results for specific encigies of 100,000 and 29,000
inAb/in.’ are given. The plois of the negative acceleraticas vs deformation are given in Figs.

11.2and 11.3.

L
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NEGATIVE ACCELERATION (g)

93
7 ORNL DWG. 75-803
1000 -
-
m_
T
soof-
.
008
;
sk
L
o}
i , SPECIFIC
: ENERGY
: STAINLESS STEEL
ot 3 o 100,000 1 -ib/ 103
F
wf
3
200}
4
3
wof-

0.5 0.8 0.7 . . )

DEFORMATION (,n)

0.3 0.9

Fig. 11.2 Plot of negative acceleration vs deformation at ‘specific
energy of 100,000 in.-1b/in.3 for stainless steel shipping container
during a 30-ft corner drop.
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ORNL DOWG. 75-804

L
A,

MAALA AAARY M

SPECIFIC
ENERGY
STAINLESS STEE
¢60,000 wn-ib/

NEGATIVE ACCELERATINN ()

L4

106 f

Lprararr Y .WM‘M“H'.
0.0 0.25 3.:0 0.5 0.%0 0.9 0.5 0.5 0.60 0,685 0.70
DEFORMATION (in)

Fig. 11.3 Plot of negative acceleration vs deformation at specific
energy of 260,000 in.-1b/in.3 for stainless steel shipping container
during a 30-ft corner drop.
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£))CEAE FUHBER 100T-CASK -
BADB OF A HNLOGESEOSS NATERIAL / AW IDEAL Sﬂ%.‘,‘s-:?ml RELATIONSHIP ,
IWPACIIFG A I'YYIBLEING SSRPACE. TEE CASK INPYCTS N IS CORNER 4
THIS PRC204 COBPUTES THE RESPONSE OP-1 CISK HIYTEG RIGET CYLISDIICAL S
SREBTRY. - T F

BY JOEI TYALS P.l., GENERAL IIGIIIIIIIG DI"ISIOL OBI l!m llmlll. Ll!.

- CLOSZIRY OF vounol s T
25 LADIUS OF CASK S
" <CAGK LYNGTN ’ L
<«TIELD SPEESS OR PLOV rnssnn R ‘
™=CASK WRIGET ER
M UPOP ETTCRT -
B 4-1.BGLE AT WEICE cnsx nucrg
T EUBRGY.
" P POKCE
TerIER - B
 SeACCELRRRTION - | -5, :
SY~TOPAL BOEMSY - - - . - o
5 -BEPORBATION |
1:<3BGLE I8 CORTACY / THE sunucz

DINERS.SF Y1000} ,nuooo; .!(1000) auooo; .1(1000):" (1000;. .
1 L1100 ,A6 (100 A

1'1-3.?.159625. : o

5'0. . N ‘ . . )

C T.pu? nmrn covsTayr - N 7 R .
C IPPET CLNY GEOMETRY T . g i
1090 PORMLY (23 ,MY,'URANION 8!!!!.9!0 CASK D-3av} ‘ a -

welt2s, ) - :

r=§, 378

Cs22.+7%

O=ATh: {1.9825; ,
DO 90 NA=1,2 )

=48 - :
IP(EE.T).2) 1=360.

DO 90 n=1,2

32100000, -

IPIN.2G.2) $=260000.

_ IBreT YER? CONDITION
IFEUT LEGLE mnmrs
30 1p=.01

Al=, 01 .

IrE 54,1002

WRITE ;51,1002}

RIS 15%,9210)

RI?S 55 107

¥RITE (51, 90

C ZERC SUBSCRIPTIT CARIABLYS

DO 13 I=4,Y0%v
AN{I)=0.0
A6 (1) =0.0
¥ (1) =0.9
T ) =09

aAnacdanannANAANNAANNNANANR

an
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' IM.G ) B

R ¢ U N
Wm((u-tnnz.:

ARS9.0 -
C IBCRENEFT ABGIE A . .
9 MeAvAA : s
CA*COS @) - —
B=0.0

l”.o . ) - . . i -
sum.o . ";“% R
10 DO 2 I=1,1000 Czme
C IUCREMERT ABGLE B 8 o
DaBeBp 4 o
CB=COS(B) - =
C CALCWATE VOLOSE DISPLACED... e
11 CO={CP-Ch) EN
BY=TAHN (0) #ReCC s
PX=2eCC -
12 D2=ReCHIBB )
DU=BYSBISDLISS
C CALCULATE BEERGY assonsen
SUBU=STN U+ DU R
CALCULATE AREA c AT
13 n-z.mou/ccsgo) -
AB=AReDA .- -
Ir(B.GE.A) GO TO 2 . .
© 2 cowTINOR - L7 =
3 U[I) =SB0 e
AR(I)=AE : s
C CALCULATE PORCE
P (X) =AR(X) *S - i}
C CALCULATE YRLOCITY -
IP (S (I).GE.UT) GO TO 16 = .
5 v -sgnuu./nz.nnowr-onm -
16 IY (9{1).GR.UT) Vis=0.0
C CALCULLTE 3CCELBRATION ) N
AG(I)=P(X) /¥ Sz
€ CALCULATE DEPORBATION
I -mnopcosmmn.-cu)
I(I)exp -
C CALCOLATE TIAX
rx-(n-n)/unou)-e )
7 TaoThenX

TR0 L ©

30 1 I=1,1000 L

[\
TR
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T {I) =TA¢1000.
IX=XA
6 V{I)=V2
8 Yy=vi
- AR{I)=A®*S7.3
IP(U(I).GB. ﬂ) €0 TO &
1 COETIEW

B Omtb-l“l LOOP
L . !‘P . <
o unTTR 151,1002)
- WRITER(S1, 1008) -
— IR 100‘ POREAY (N, °X, 37m5l GEONETRY AND -NATERIAL nomun)
e o m;mm

iﬂ

4 _ .ax.suucu. 1oz, suum.st.

IlI?l(S‘IJO“l &
,.ev‘IM‘ PORBAT (1N, n.nncus.u.snlcns, 10!, GIPWIDS.OI
1 130LB-18/CV. IK.)
- WRETE(51,1002) T
. 1092 POREAY (1R0) ' ' ’
L S 1007 PORBAT (P91.3,PI8.3,P16.1,P18.1)
! ' _ WRITE (51, 1002)
. SRITE(SY, 1000) _
LE- 7 1000 PORSAT (1H.,8I,118DBPOR HATION,8X,88VELOCITY, 7Y, ABTINE, 13X, 58P0RCE,
: 1 ‘101, 6UENERGY,5X ,12HACCELERATION)
WRITE(51,1009)
1007 PoRAAT {18, 6X,6BINCAES,7X,8HPT./SEC.,8X,12RNILLISECONDS, 8!,
1 6HPOUNDS, 10X, 6858~1I0.,10X,3UX 6)
'lI'!!(S‘l 1002)
Do 15 1-1,( T
WRITE(SY,1003) X(I) SV (I),T (Il oP (I) ,U(I), A6 (1)
1005 PORBAT (18 ,PV8.8,P13.2,P16.5,P15.2,P16.2,P12.2)
15 COFY INUER
CALL QWIKPL(X,)C,K,°LINRBAR’,'J. B.EVANSS')
20 COFTINGE
90 COWTINOE
sT0P
EWD

i ——— e VR U
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SRAWISE WIELIED CASK D-)8 :

0o

-

- nus LENSTS EmIE . SPIPIC BNt
2 S . 'PCEES ICcmsS ] W~IWCE, 19, .
: $.373 22.629% 523,90 : 100009.0 : E LT
- - XBCHES .73, SILLISECORRS ! POUSDS
< .9083 .- 00058 0.8 ;
0.0899 .o . - 28,4
0,008 MY %% o v
v O-OQ; - B 9535 - 531 - =
c 5,09 6. 01988 198. 9% -
- €O - - 502688 - . 18¥3.3S = .
0.0182 0. 03055 " 2753.46 - y
X 0.08372 - 39%67.9%
0.0208 .05397 5093.8S -
0.0083 0. 05529 736669
© 6.0808 0.07769 2%21.27
: 0.9879 .01 1229259
0.0536 .9W5T9 _ 15A15.19
T 0.0638 .1T2132 ~ 19923.82
0.072¢ 2. 13808 23152.¢8
.0019 0. 15576 27835.71
- .91 0. 17858 33197.20
.. 002 0. 19888 19009.27
9. 932 0. 21588 §5500.93
. 0.17%8 0. 27788 $2785.71 -
8.1369 0. 260%9 6O .02
0.7088 0.29079 69056.13
01528 0. 31080 7895819
0.1766 . 3% 89270.30 ;
0.1909 0, 36300 190836.25 :
0.2030 . 39239 112902.69 !
0.2292 0.82192 125081,25 {
0.2372 0.835263 13938988 z
.25 0.909%6 158215.69 ’
0.2700 0.51741 170091.50
0.2007 0.55150 106999.19
0.306% 0. 58673 200967 .48
$.32%2 0.62317 220025.00
0.38488 . ¥87199.75
- 0.5681 0. 69964 26551900
) 0.3808 - 0. TH7S 288811.13
8.8052 0.79113 31170178
ve 8268 0.82385 - 3366%.13 -
0. 8800 6.06793 36770838
: e.a708 0.91388 399277.31
0.09Y7 0. 96051 819979.01
0.5171 1. 00910 - 5099099.96 B
0.5810 1. 99938 00856 .08
0.5635 .11 6 - 51320588
0.5908 1. 6520 S47028.5¢
0.6139 1.2211) $83078.08
0.6819 1.27919 620066 .06
0.6608 1. 33968 659%61.73 17631019 9.8
0.695) 1.97° $9053%.75 190619.00 930,06 )
0.73228 1. 9069 ™0011.00 218308.8¢ “ws.2s
0.7500 1.5379¢ 793002.2% 235609.98 - 513.88
0.7793 1. 61099 027530.06 258675, 3 342,64
0.9002 1.66900 073612.06 203287, 31 $72.06
0.037 1. 77100 921268.23 30967000 08. 11
0.067¢ 1. 0599 970505 .19 337905.2% §36.080
0.09%0 1. 95683 1021350.56 36027363 «78
0.9209 2.00027 073018 .0¢ 000633.01 700,18
0.9603 2. 10660 1927912.0¢ 935163.06 799.69
0.9921 2.332%9 1103656.00 871961.00 7%.17
1.0200 2.52%38 1201045.00 $11127.98 3. 01
1.0572 0.0 2.99993 1300106 .00 $52767.01 052.9%
107 CALL OSTSIOE LINITS 59,0 To-, 11008 82 L T
’
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o - , CASK CEDRETRY AWS WAYERIAL PROFESTINS

5.9
- 72372.8%
86079 .69
118827.19 |
137282.89
15798 .48
180585.98
- 205280.9%
232103.89
26113%.38
292855,0¢€
326187.2%
362209.00 (2]
500960.01 - -80517.18
82237.96 §7709.50

: ‘ . 0619798 $5077.80 ne.92 . }
Do ' : , §5119,76 89,45 )
; . . : S82¢65.1) 75534.00 - 39198 - .
: ’ 0. 638979.31 07226.98 - 816.38 :
: - _ 1 , 690399 .50 100309.50 452.69 ] : .
P A 7%8829.00 118899.88 "e.o0 o o
010826 ,56 1391119.30 $31.43 . :
: 10900669 ~  5713.91 - o ‘
‘ $13.52 =
§65.3 K
: 718. 31 . -
; 765.57 .
: 919,18 -
; 75.08
‘ 953,32 -
‘9. 09
1057.96
1422.79 -
© 1916195.00 1190.95
. 7226 | 0.0 19.28020.00 $57800. 31 126166
. FLOT CALL OFYSIDS LINITS fo-. 41008 02 mEge )
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ORNL OWG 75-80%5

Aaasana]

SPECIFIC
ENERGY
STAINLESS STEEL
100,000 n-ib/ n?

NEGAT;VE ACCELERATION (g)

v

0.2 0.3 0.4 0.% 9.8 0.7 0.0 0.9 1.0 1.
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 75-602
1300 —— —— : —-—

SPECIFIC

ENERGY f

600 STAINLESS STEEL
260,000 in-1b/1n3

Fig. 11.5 Plot of negative acceleration vs deformation at specific
energy of 260,000 in.-1b/in> for stainless steel shipping container
during a 30-ft side drop.
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

November 16, 1973

70: B. B. Klims

SUBSECT: Inspection of Shipping Cask D-38
W.0. A-3044C-AA - Inspection Request 10926

This inspection was performed to verify the integrity of this shipping
cask.

After dieassesbly, the csek vas surveyed by ORNL Health Physics and
tound to dYe free of radivactive contamination.

Yisual Inspection

This cask conforms to the characteristices cf Drawing M-12133-CD-126-E Rev. 9.

Bo structursl defects wers cbserved in the cask, cover shroud or shipping
pallet.

Wall thick sus readings of tha outer shell (part #8) revealed s thickness
of ,385" - .428".

The cas< 1{s identified on the shroud snd top plug by stamped lettering.

Liquid Penetrant Examination

All accessible welds and the 1lifting sttachrents were examined with
1iquid psnetrant in accordance with ORNL NDE 30, Tecinique 1, "Color
Contrast Solvent-removable', and were found to be satisfactory.

Lezk Tast
The cask vas helium lesk tested in accordance with ths Insyection Engineering

Hlnucl‘ Section 7, App. 4. This teet indicated aaluk rate not greater than
1 x 10° scc/sec. (Leak test report is attachad).

Bleak Test Repcrt in Quality Assurance file in Rom A-16, Bidg. 4500N,
ORNL ‘




Metal ldentification

All acceasible parts of the cask were examined with & thermoelectric
comparator and determined to have been fabricated from 3U0 series

stainless gteel. {(Instrument calibraticn data and test tresults are
attached.)

Thege inspuctions and tests indicate good quality welds and material.
is our opinion that the integrity of this cask 1is good.

INSPECTION ENGINEERING DEPT.

’
24
0. J. Samith
0JS :be

Attachments

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

a, . : . . P C emne .
fveilable in Guality Ascurance file, Foom i~1%, E2lde. 500N, ORIL.

It
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L6 Appendin b Operating and Inspection Procedures

Inspection Check List
Operating Procedure - Incoming Shipments

Operating Procedure - Outgoing Shipments

Page
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1.

2.

3.

4.

6.

7e

Date

11C

ORNUL SHIPPING CASK D-38
DOT APPROVED 5787
OPNL DWG. MO, M12133~CD-126-D

Inspection Check List Inspection. Type

Time By

Routioe

Eiemmial

. General conditior of cask checked.

Remarks:

Inner cavity plug flange gasket,
condition:

good replaced
_  __poor
Drain plug "0” ring prskets, condition:
good replaced
—_— _poor

Inner cavity plug flange gasket, sealing
surface condition:

good reworked
needs reworking cleaned
needs clesnin:

Nuts, condition:
- _good
replaced
Studs, condition:
— pood
____Treplaced
Locating pins, condition:

—_—Bond

replaced

Safety wire holes are free:
Yes Cleaned
Needs Cleaning




It

I_g_aggcidn Check List Inapection Type

(Continued)
Routine
Bienrial
Date Time By
9. Visually inspect welds (Biennial omly).
10. Fire shield all welds secure (dye
penetrant test) (biemnial omly)
il. . ¥ire Shfeld Wooden Block
Intact . Should be replaced
Replaized
12, Skid Lifring loops and welds (dye

penetrant) (biennial valy)

Cask ready for shipment Date
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Page 1 of 2 Date

File in Room

A-16

Suilding

45008

OPERATING PROCEDURE, D-38 CASK
NRC-OR-USA 5787/BLF

INCOMTNC SHIPMENTS

1.
2.
3.
4.

5.

7.

Pire Shield and Skid checked for leakage and damage,
Tewper wire inspected for damsge.
Fire Shield removed.

Cask visually checked for leaksge sud demage.

for radiation and/or contamination.

Radistion data on cask and skid exteriors:

Comtact 3 fe.
Alpha
Beta/Gamma
Neutron

Radiation data on 1id (outside top):

Contact 3 fe.
Alpha
Beta/GCemma
Neutron

Steps 8-10 spplicsble only to cask which was loaded under water.

8.
9%

Drain plug removed. Water drained from inner cavity,
Drain plug "0" ring condition:

oKX Replaced

10, Drain plug replaced.

&

Exerior of cask and skid probed and smeared by Health Physics

T8

|

|
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~ NRC=CR-USA=-5787-BLF
tage 2 of 2

INCOMINS SHIPMENTS : - Inditisls

11, Cask removed from skid snd moved to Eot Cell area.

12, Lid bolts removed. Lid-lifting device attached.

|

13. Outside of cask masked or bagged with plastic cr peper tec
protect cask from contamination.

14. Cask moved into Hot Cell (if necessary), 1id raised, and
contents removed.

15, Lid replsced, cask removed from Ho: Cell and checked for
radicactive contam’nation.

16. Radiation data on cask:

Contsct 3 fe,
Alphe
Beta/Ganma <
Neutron

17. Cask and 11d decontamiur*2d to within established shipping
tolerances. Survey tag at’ ~hed to cask.

18, Radiation data on cask and 1lid:

Contact 3 fe.
Alphs
Beta/Gamms
Neutron

19. Gaskets on 1id and drain plug inspected.
Gasket condition:
Lid oK Replaced

20, Cask, and protective cover reassembled, placed on the
lkid.

21, Pire shield placed over cask and moved to storage ares.

Above Information Certified By: Date:




3

114
i Date
_ File in Room A-16
Page 1 of 2 : Building 45008 _

OPERATING PROCEDURE, D-38 CASK
| NRC-OR-USA 5787/BLF

OUTCOING SHIPMENTS

1.

2,

3.

radiocactive contamination,

&,

5.

6.

7.

9.

11,

: Glakzt condition:

Deyleted uranius metal biological shielding .dequt.e for qmtiq,
of nd:loncdve -tezh.l to be ll:i.ppnd

Cask moved to loading area, openet' lull;uket Mected. .

Lid ox"';,

c.skbodymdndcmredwithymucotmer'.om

Inner container guiket (silicone rubber) condition:

Msterial X "'Replaced

Xadioactive msterial to be shipped placed into Specification

2R container (or approved equivalent). Concentreted heat sources
must be placed in heat sink. Exterior of container has been
decontaminated. ’

Inner container properly sealed (bolts or 1id tightened as
appropriat.). ..

Radiation data on inner container:

Contact 3 fe.
Alpha
Beta/Gamma
Neutron

Inner container loaded into cask. Cask gasket in place. Lid
replaced,

Cask removed from loading area. Lid 11fting device removed.

1f loaded under water, drain plug removed. Water drained from
inner cavity. Drain plug replaced. . ~

Lid and casi decontaminated to the astablished tolerances for
off-gite shipment,
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Fire Shield replaced and attached to sqlc&l
18. Bealth Physiis smeared and probed fire o
: 19. Riggers called to move cask, B ‘ -
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1i7
7 aprendix Goo vhe Bvaluation of Stress ina Cunved Beam

For a syiometnical curved bar loaded 1n the plane of ssmmetny:

Mgy M, (11-12)
Lt GO RY AR

where
o - s‘l ress normal to a cross section of the beam
A = the cross-uectional arer of ¢ beam.
M: = applied moment h()rmzll to plane of symmetry.
- R = radius of curvature of centroid of cross section.
¥ = position on cross section measured rom centroid toward center of curvature.
and

Equation G-f was de'ved from the equibbrium o! an infinitesimal length of beam. Plane
sections were assumed to remain plane after deformation It was also assumed that curvature
does n~t vary rapidly and that the noimal stress is independent of the other stress values

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

Ml /'-/‘/ /\’\
1) T S -

y = “l'l‘)

where

x
i

the width of the cross section at y,

]

A’ = the arca of the crot .. section bounded by the line at y, and

and
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The average shear stress at a hine at distance v trom the centroid 1

v (
o [ A (H1-1)
Bl oy Rl \J,  RA

where

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

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

h2 o C2hd . 2RO
J, = f L N R2bh R.\Mn,-,,*}_ (11-1%5)
}

dA
77 R A+ R (1-16)
0 _,: l j: Iy Ry

1
=~
- v

o
T
5
-
=
= >
™
- |
3|5
p -

and

I'hese equations were grogrammed for the HP-97 calculator. The program accepts section
properties (h, h, R). then for cach 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 for Siress and Strain, Fifth
edition. Example 1. Table 16, p. 210 for normal stress. The program also was verificd by
auplicating cxamples in the source reference by Oden.

For a circular cross section oy radius a, the pertinent quantities J.. Q.. aiid A" A become




119

i -1

_:J) 4R (R: 2
t1i-1n)

PN SLS

2R LIR *A Doentar sy ad

0O, =
L
R 0 arowny )
R arg NNy a
’ , . R tun (‘ R ) B R .
+ JRR° 1 ot tan N N arc tan T
(R® a%t ° (R= a-y°
and
s amb oné

AN =

The program dealing with circolar cross sections was checked and was found to duplicate

results found in Example 2 in the above cited table in Roark and Young.
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