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July 30, 1985

PALKLING

Mr. Charles E. Ma /
Nuclear Regulatory Commission 144
Transportation Certification Branch /fl r)
Washington, D. C. 20555 % 39‘_{5

Dear Mr, MacDonald:

Enclosed please find eight copies of the revised pages to convert
Revision 11 of the OH-142 Safety Analysis Report to Revision 12
of that report.

The changes made to the Safety Analysis Report are in response to
some concerns expressed to Stephen Goetsch of our company by your
associate, Dick Odegaarden. The changes made to the SAR for
revision 12 merely limit the requested revision of foam
properties to the OH-142 MK I design with a 16 inch diameter
central secondary lid., This smaller, lighter 1id requires much
less bolt strength to secure it during end impact. The margin of
safety of the secondary 1id closure bolts on the 16 inch 1id is
+2.36 against yield criteria, whereas the margin of safety of the
other 1id designs for the unrevised foam properties is +.27
against ultimate criteria., The margin of safety against yield
criteria for the other designs, although not reported in the SAR,
would be +.067. Clearly, the margin of safety for the
combination of revised foam properties and 16 inch diameter
secondary 1id is very much greater than the previously acceptable
positive margin,

In addition to the analysis previously contained in the SAR, a
thread engagement calculation was included in this submittal. To
assure that the thread engagement required to fully develop the
strength of the bolt is present on packages in service, the
required thread engagement has been added to Drawing AL-20-202,
as well as a note specifying that the revised foam properties
allowed in NPI.FEé foam are allowed only for the 16 inch central
secondary iid option.

This revision, including the revised drawings, has been
copyrighted., This entire submittal contains proprietary
information per the notice on the flyleaf of this report, We are
aware of your requirements to place this submittal in the Public
Documents Room, This may be cone with our permission; however,
this permission should not be construed as a waiver of or in any
way prejudicial to our lawful proprietary rights to this
material, It is done only to facilitate the issuance of a
Certificate of Compliance,
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July 30, 1985

Mr. Charles E. MacDonald, Chief
Nuclear Regulatory Commission

Page 2

Photostatic copies of this copyrighted material may be made by
NRC review personnel for convenience and for record purposes
within the Commission's files; however, permission to copy the
material is expressly denied to persons other than Commission
personnel of for any other reason, Copies of the material may
not be released by the commission except to the Public Documents
Room.

If you have any questions, please do not hesitate to call either
myself or Stephen Goetsch. Thank you very much.

Very truly yours,

Enclosure: As stated
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APPENDIX 1.10.2

EXPANSION OF ACCEPTABLE STRESS-STRAIN RANGE FOR IMPACT LIMITERS

BR/ARAMENEVGEESS A o e —

o
1.10.2.1 Introduction IRQEPEIET ALY DAT

Due to minor changes in the formulation of the NPLF6 polyurethane foam used
in the OH-142 overpacks, it has become apparent that some foam placed in
accordance with it may not exhibit stress-strain properties as shown in Figure
1 of Section 1.3 above. Some samples of foam taken during fabrication activ-
ities indicate that the upper bound of the stress-strain curve in Figure 1
should be raised. The revised limits of the stress-strain curve are shown in
Figure 1.10.2-1. An analysis of the effect of this revised upper bound on the
package margins of safety is presented below. These revised limits apply to

the Model OH-142 MK I design with 16 inch diameter secondary lid opening only.

1.10.2.2 End Impact

The end impact drop orientatiom is the drop orientation most seriously
affected by the revised foam properties. NuPac’s EYDROP program is used to
evaluate the forces generated from a 31 foot drop onto an unyielding surface,
EYDROP, like its sister programs CYDROP and SYDROP, has been used to
demonstrate compliance of several other packages (such as the T-3 Spent Fuel
Shipping Cask, Certificate of Compliaance No. 9132, and the NuP PAS~-1
package, Certificate of Compliance No. 9184) to the 10 CFR 71 drop events,
Table 1.10.2-1 presents output from EYDROP for the OH-142 using the revised
upper bound of the stress—-strain curve as shown in Figure 1.10,2~1. The table
was generated using the equivalent outside diameter of the package. This
equivalent diameter is calculated by determining the actual end area of the
overpack and finding that diameter of a circle which has the same ¢nd area as
the actual overpack. Also, the analysis assumes the entire overpack area is
effective, corresponding to both the most conservative assumption presented in

the body of this report as well as the results of numerous test programs,

1-147



" NuPac OH-142 SAR . Rev. 12, 7/85

The table predicts that for the revised stress-strain limits, the acceleration
experienced by the package would be 117 g's, slightly higher than previous
analysis had predicted. The predictel deflection, 3.94 inches, is slightly

less than previously predicted. IS > m v .
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The 16 inch diameter l1id weighs approximately 450 lbs, and the projected
weight of the payload on the 16 inch lid is

(16%/66%) (10000) = 590 1bs.

Therefore, the 16 inch diameter lid bolts must react 1040 1lbs of weight. The

force in each bolt may be calculated as below:
(1040) (117)/8 = 15210 1bs.

The yield strength of the A320 L7 bolts is 105000 psi. Since the 7/8 inch
bolts have a tensile stross area of .487 inz. the al lowable load in the bolt

may be calculated:
(105000) (,487) = 51135 1bs,
The margin of safety for the bolt is then
(51135/15210) - 1 = +2.36

The thread engagement required to fully develop the strength of the A320 L7
stud may be calculated using the following formula from An Introduction to the
Design and Behavior of Bolted Joints, by J. H. Bickford, p. 272, for the case

where the nut material is weaker than the bolt material:

Ly = S,,(2Ag)/((8, ) (n) (n) (D) [(1/2n) + 0.57735(D -~ E

e ) 1)

where S,¢ = yield strength of the stud = 105000 psi
As = tensile area of the stnd = .487 lnz
Snt = yield strength of the nut material = 38000 psi

number of threads per inch = 9
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D = Stud nominal diameter = ,875 in,
Epax = Pitch diameter of nut = ,8028 in.

[ ») /e e - PR
'.‘,Il;; 1146 jLa/ ' AN | } { 1\ &

g 2400
Substituting into the above equation yieldsf‘

by ™ (105)(2)(.487)/((38)(m)(9) (.875)[(1/(2)(9)) + .57735(.875 - .8028)])

The studs are required to have at least 1.25 inches of engagement, so the
threads are stronger than the studs themselves, The margin of safety against
bolt thread failure can be calculated, assuming that development strength of

the lid threads is proportional to the length of engagement:
M. S, = (1.,25/1.12)(51135/15210) - 1 = +2.75

Therefore, the revised stress-strain limits do not affect the ability of the

package to resist the effects of a 31 foot end impact onto an unyielding

surface,
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The change in the upper bound of the stress-strain curve causes Cases 3 and 4
discussed in the body of this report to be obsolete. Tables 1.10.2-2 and
1.10.2-3 present the same¢ drop orientation (approximately 40 degrees from
vertical) as previously analyzed. From the tables, it can be seen that the
maximum acceleration experienced by the package is 77.2 g’s, slightly higher
than previously used for design. This slight increase in the package acceler-
ation (77.2 g's versus 76.4 g's used previously) will have an affect on the
package primary closure device design loads. Using the method shown in the
Saufety Analysis Report to be very conservative, the loads in the ratchet

binders can be calculated:

(19900) (77.2)(38.125)cos 40° = (1011660) (15.83)cos 40° +
+ 2(38.125)P, (3.5)

Py = 122,195 1bs. per binder

. The margin of Safety for the binder is then:

M. §. = (160,000/122,195) - 1 = +0,31
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TABLE 1.10.2-2

NUCLEAR PACKAOGING PROPRIETARY 7111
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PACKAGE CXTERNAL MOLE DIA= 5.00 tInm)
PAYLOAD ENVELOPE LENGTN o 4. 50 (IM)
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OVERPACK LENGTH * A0.00 (1)
DROP HEIGNT *  31.00 (FT)
GRIENTATION ANGLE * 40,090 (DEOREEI WRT TO VERTICAL)
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The effect of losing the capability of ome of the ratchet binders prior to the
drop event is analyzed in a more realistic manner, which results in a ratchet
binder load approximately one third of that used for design. It is
inconceivable that the slight change in the foam stress-strain curve would
affect that analysis such that the resulting margin of safety would be less

than that calculated conservatively above,

The binder retaining pins are calculated to have a capacity of 261,316 1bs,

The resulting margin of safety is therefore:

M. 8. = (261,316/122,195) - 1 = +1,14
The Mark I overpack retainer pins have a cipacity of 32,800 1bs, in double
shear., The body of the report demonstrates that shear of the pin is the

control ling condition rather than shear out, The pin load is calculated as

below:
P, = (122195 1bs.) (3000 Ibs,)/ (19900 1bs.) = 18421 1bs,

The margin of safety is then:

M. S, = 32,800 1bs./18,421 Ibs, =~ 1 = +0.78
Bearing stresses in the overpack attachment lugs (p. 1-75) can be calculated
as fol lows:

‘bt' * 122,195/((1,50)(1,625)) = 50,131 psi
The margin of safety is then:

M. S, = (90,000/50,131) - 1 = +0,80

The wold capability of the Mack I hold~down lug weld is 157,500 1bs, The
margin of safety is then:
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M. S. = (157,500/122,195) - 1 = +0.29

The shear-out capacity of the binder attachment lugs is calculated to be
197,350 1bs, Therefore, the margin of safety is:

M. S. = (197,250/122,195) - 1 = +0.62

All of the margins of safety calculated in Section 1.7.1.2 of the report that
are affected by the revised stress-strain limit on the foam have been
presented above. Nome of the margins have been affected siynificantly, and
all remain positive, even with very conservative analysis techuiques. There-
fore, the revised stress-strain limits do not affect the ability of the
package to resist the effects of a 31 foot corner drop onto =n unyielding

surface.

1.10.2.4 Side lmpact

NuPac’'s SYDROP program was used to evaluate the effects of a 31 foot drop onto
the package side. Analyses were performed assuming the the entire length of
the overpack is effective in resisting the impact and assuming that only
that portion of the overpack between the cask shield and the impact surface is
effective in resisting the impact, The latter assumption was made to develop
A very conservative prediction of acceleration. Tests have shown that this
assumption does not accurately model the actual response of an overpack to

impact loads.

The results of the aaalyses are presented in Tables 1.10.2-4 and 1,10,2-5,
The tables show that the more rigorous integration techniques employed by the
SYDROP program result in predicted accelerations less than those used for
design., As a result, the margins of safety presented in the body of this
report under predict the actual margins of safety, even with the revised foam
data, Therefore, the revised stress-strain limits do not affect the ability
of the package to resist the effects of 31 foot side drop onto an unylelding

surface.
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NOTES: UNLESS OTHERWISE SPECIFIED

MATERIAL: LOW CARBON HOT ROLLED STEEL:
: PLATE & SHAPES CONFORM TO ASTM-AS16, GR70
: SHEETS CONFORM TO ASTM-A36 or 304 SST PER ASTM-A240 WHERE NOTED.

MATERIAL : ASTM-AS14 oR A517

FOAM: 1,000 PS! CRUSH STRENGTH RIGID POLYURETHANE. PER NUPAC FOAM
SPECIFICATION NP1-F6, REVISED FOAM PROPERTIES ALLOWED
FOR 16 INCH DIAMETER CENTRAL LID OPTION,

LEAD: PER FEDERAL SPECIFICATION Q@-L-171€, GRADE A OR C.

REMOVED

REFERENCE DATA:  CASK WT: 54,000uBs.
PAY LOAD: 10,000L8s.
GROSS WT: 64,000L3s.

REMOVED

ALL WELDING PROCETURES AND PERSONNEL SHALL BE QUAL!FIED [N ACCORDANCE
WITH ASME CODE, SECTION IX.

ALL WELDS SHMALL BE INSPECTED VIA NDT METHODS AS FOLLOWS:

LIFTING LUG AND CIRCUMFERENTIAL CONTINUOUS

WELDS: MAGNETIC PARTICLE PER ASME CODE SECTION [Il, DIVISION I, SUBSECTION
NB, ARTICLE NB-5000 AND SECTION V, ARTICLE 7.

LONGITUDINAL SMELL WELD: RADIOGRAPHIC PER ASME CODE SECTION 11, DIVISION
I, SUBSECTION NB, ARTICLE NB-5000 AND SECTION V, ARTICLE 2

AS AN OPTION, 12 GA. NO. 304 STAINLESS STEEL CLADDING MAY BE INSTALLED ON
THE INTERIOR & EXTERIOR SURFACES OF THE FLASK BODY & INTERIOR SURFACES OF
THE UPPER LID, & SEAL WELDED ALONG ALL EDGES & SEAMS.

PAINT ALL EXPOSED CARBON STEEL SURFACES WITH ONE COAT CARBROZINC [I

& ONE COAT PHENOLINE 308, OR ONE PRIMER COAT (5 MILS)
MOBIL CHEM EPOXY NO. 89W9 & ONE FINISH COAT (5 MILS) MOBIL CHEM EPOXY
NO. 89wS,

COAT ALL EXPOSED EXTERIOR SURFACES OF FLASK BETWEEN UPPER AND LOWER
OVERPACKS WITH ONE (1) COAT (MIN 3/16 THK) "ALBI-CLAD" NO. 89, AS AN
OPTION, A 10 GA. NO. 304 STAINLESS STEEL THERMAL SHWIELD MAY BE INSTALLED
BETWEEN THE OVERPACKS.

FLASKS FABRICATED PRIOR TO 3/84 MAY BE MADE USING ASTM-AJE MATERIAL.
(FLASK BODY OUTER SWELL SMALL BE 1 L/8 IN, THICK, WITH FULL PENETRATION
DOUBLE SIDED V GROOVE WELD FOR VERTICAL SEAM.)

_‘D NOMINAL AR GAP (MINIMUM 08 MAXIMUM 42 in)
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20556

AUG 05 1985

MEMORANDUM FOR: Steve Scott, Chief
Document Management Branch, TIDC

FROM: Charles E. MacDonald, Chief
Transportation Certification Branch, FC, NMSS
SUBJECT: PROPRIETARY /COPYRIGHTED DATA « PUBLIC DOCUMENT ROOM

The following application and/or drawings marked "Proprietary/Copyrighted”
should be placed in the NRC Public Document Room:

Nuclear Packaging, Inc., (NUPAC) application dated
July 30, 1985,

Authorization:

NUPAC letter dated July 30, 1985,

O

Transportation Certification Branch
Division of Fue! Cycle and
Materfal Safety, NMSS

Enclosure: NUPAC
1tr dtd 07/30/85%



