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June 12, 1985 File: OH-142

Ref: 4108 /DA
Mr. Charles E. MacDonald, Chief
Nuclear Regulatory Commission ’{2¢L”7
Transportation Certification Branch A2 3955

Washington, D.C. 20555
Dear Mr. MacDonald:

Enclosed please find eight copies of the revised pages to convert
Revision 10 of the OH-142 Safety Analysis Report to Revision 11
of that report. Also enclosed is the required check for $150 to
initiate the minor revision process.

The changes made to the Safety Analysis Report are of three
types. First, the polyurethane stress-strain upper bound curve
has been revised to include the response noted from recently
fabricated overpacks. The new upper bound has been analyzed in
Appendix 1.10.2, with margins of safety being affected only very
slightly. Second, a customer has requested the option to mount
the primary 1id seals on the cask body rather than on the cask
1id. The drawings have been changed to allow this option.
Finally, the maintenance section has been changed to allow the
user to apply any halogen leak test that meets the same technical
requirements as our NuPac-specific test.

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 Foom. This may be done 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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June 12, 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 purpcses
within the Commission's files; however, permission to copy the
material is expressly denied to persons other than Commission
personnel or for any other r=ason. Copies of the material may
not be released by the comm ssion 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,
NUCLEAR PACKAGING, INC.

= (’\
_‘,/ ////[/tf (’%{ ”?
ChaKZ:s J. Temus
Technical Director

Enclosure: As stated

cc: Francis Dewberry, Westinghouse Hittman
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June 12, 1985 File: OH-142
Ref: 4108

Mr. Charles E. MacDonald, Chief

Nuclear Regulatory Commission

Transportation Certification Branch

Washington, D.C. 20555

Dear Mr. MacDonald:

Enclosed please find eight copies of the revised pages to convert
Revision 10 of the OH-142 Safety Analysis Report to Revision 11
of that report. Also enclosed is the required check for $150 to
initiate the minor revision process.

The changes made to the Safety Analysis Report are of three
types. First, the polyurethane stress-strain upper bound curve
has been revised to include the response noted from recently
fabricated overpacks. The new upper bound has been analyzed in
Appendix 1.10.2, with margins of safety being affected only very
slightly. Second, a customer has requested the option to mount
the primary lid seals on the cask body rather than on the cask
lid., The drawings have been changed to allow this option.
Finally, the maintenance section has been changed to allow the
user to apply any halogen leak test that meets the same technical
requirements as our NuPac-specific test.

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 done 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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June 12, 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 or 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.

Very truly yours,
NUCLEAR PACKAGING, INC.

ny.
VI % 4’§/
Chagif; J. Temus
Technical Director

Enclosure: As stated

cc: Francis Dewberry, Westinghouse Hittman

Thank you very much.
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MODEL OH-142 SHIPPING CONTAINER

REVISION 11

DELETION AND INSERTION INSTRUCTIONS

Delete Insert
1-3 1-3
1-7 1-7
Dwg. No. Y-20-201D Rev. N Dwg. No. Y-20-201D Rev. M
Sheets 1 thru 2 Sheets 1 thru 2
Dwg. No. Y-20-202D Rev. K Dwg. No. Y-20-202D Rev. L
Sheets 1 thru 2 Sheets 1 thru 2
Dwg. No. A1-20-202 Rev. H Dwg. No. AL-20-202 Rev. J
Sheets 1 thru 3 Sheets 1 thru 3
Dwg. No. A1-20-203 Rev. G Dwg. No. AL-20-203 Rev. H
Sheets 1 thru 2 Sheets 1 thru 2
1-147 thru 1-159
7-3 7-3
7-3-a

7-16 7-16
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package is located at the approximate geometric center of gravity. A refer-

ence point for locating the center of gravity is shown on Drawing Y-20-200D.
1.3 Mechanical Properties of Materials

The Model OH-142 packaging uses an outer and inner shell fabricated of various
thicknesses of low carbon hot rolled steel., Material properties of the steel

are as follows:

A-516 A-516
A-36 (Grade 60) (Grade 70)

Per MIL-HDBK-V ASME ASME
Ftn 55,000 psi 60,000 psi 70,000 psi
Fty 36,000 psi 32,000 psi 38,000 psi
¥ 35,000 psi 36,000 psi 42,000 psi
Fycg 90,000 psi 90,000 psi 90,000 psi

Rigid polyurethane foam fills the cavity between the steel shells of the
overpack. This material will have a density of approximately 20 pcf and be of
a self-extinguishing variety.

Figure 1 represents the stress-strain curve for the NuPac NPLF6 foam used for
this package. The curve provides both minimum and maximum compressive
properties derived from over 8 years of testing. A 95% probability factor was
applied to the standard deviation to establish the spread shown.

Foam Specification NPI.F6 defines the detail foaming testing procedure. It
specifies that foam samples will be taken during the actual foaming process
and tested to verify that they are within the two curves at 10%, 30% and 60%
strains. Typically one sample is tested per batch of foam, and one overpack
may include ss many as 6 or more batches. Occasiomally, e data point from the
test of one sample may fall outside the range specified. In such a case,
several more samples are prepared to verify that 95% of the foam tests do fall
within the curves at 10%, 30% and 60% strain.
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I@. PACKAGE SHALL BE MARKED & IDENTFIED N ACCORDANCE WITH THE
REQUIREMENTS OF 10 CFR 71 85(c)
“OAT ALL EXPOSED EXTERIOR SURFACES OF FLASK BLTWEEN UPPER AND LOWER - .
IVERPACKS 41TH ONE (1) COAT (RIN 3/16 THI) “ALBI-CLAD® %0. 39. AS I5. wmmmom*"" A
AN OPTION, A 10 GA. %0. 304 STAINLESS STEEL THERMAL SHIELD MAY BE
INSTALLED BETWEEN "HE OVERPACKS. 4 ok i s

(1. PAINT ALL EXPOSED CARBON STEEL SURFACES WITHONE COAT CARBOZINC U1
4 ONE COAT PNENOLINE 305, COLOR 727 M. GRAY, OR ONE PRIMER COAT
(5 MILS) NOBIL CHEM EPOXY M0. 30W9 & ONE FINISH COAT (5 MILS) MOBIL
CHEM EPOXY NO. 599, COLOR: WWITE.

jO  AS AN OPTION, 12 GA NO. 3064 STAINLESS STEEL CLADDING MAY BE INSTALLED
OK THE INTERIOR & EXTERIOR SURFACES OF TME FLASK S00Y & INTERIOR
SURFACES OF THE UPPER LID, & SEAL WELDED ALONG ALL EDGES s SEAMS.

\
\

9. ALL WELDS SHALL BE INSPECTED VIA NDT
METHODS AS FOLLOWS:

LIFTING LUG AND CIRCUMFERENTIAL CONTINUOUS
WELDS MAGNETIC PARTICLE PER ASME CODE -
SECTION Ii1, DIVISION |, SUBSECTION NB, ARTICLE
NB-5000 AND SECTION V, ARTICLE T

LONGITUDINAL SHELL WELDS: RADIOGRAPHIC PER
ASME CODE SECTION I, DIVISION |, SUBSECTIUN
NB, ARTICLE NB-5000 AND SECTION V, ARTICLE 2.

DE ““t'L~\

DETAIL- B

[ -

8 ALL\ WELDING PROCEDURES AND PERSONNEL
SHALL. BE QUALIFIED IN ACCORDANCE WITH
ASME CODE, SECTION IX.

{ | o~ REMOvED

10 GA
10 GA

- 24014 =

v 29"
gll“’:‘

\,/-OIVAM. D

-

/-ouau.-G

-y T
2 PL
(e =nerenEnce DATA
CASK wT: S4000L8S pETAIL -
PAY LOAD: 1WOOCLBS
GROSS WT 64,000 LBS
5 REMOvED
DETAIL F———-"‘\
[A==LEAD PER FEDERAL SPECIFICATION '
QG-L-17te, GRADE A OR C
>

3~

t)-)'(” 000 PSI CRYSH STRENGTH
RiGID POLYURE THANE. PER NUPAC FOAM
SRR IFICATION NPL-FS,

LMATERIAL: ASTW -ASd oR AS/7

-

. MATERIAL LOW CARBON =OT ROLLED
STEEL PLATE & SHAPES CONFORM TO ASTM-ASie, &8 70

PER ASYM-A240

. NOTES: UNLESS OTHERWISE SPECIFIED o0 5 000

SHEETS CONFORM TO ASTM-AGIS, AB6 on 304 SST

- S DiA -

'8 DA -

-

101 O

SECTION A-A

B=> NOMINAL AIR GAP (

8 | 7 i
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NOMINAL AIR GAP (MINIMUM .08 MAXIMUM .42 in)

NSTALLED BEVWEEN THE OVERPACKS

AS AN OPTION, 12 GA. MO, 304 STAINLESS STEEL CLADDING MAY BE INSTALLED
W THS INTERIOR & EXTERIOR SURFACES OF ME FLASK B0DY & INTERIOR
SURFACES OF THE UPPER & LOWER LIDS, & SEAL WELDED ALONG ALL EDGAFS &
SEAS

PA'NT ALL EXPOSED CARBON STEEL SURFACES WITH ONE COAT ARBOZINC L1
s ONE COAT PMENOLINE 305, COLOR 727 M. GRAY, OR ONE PRIMER COAT

S MILS) MOBIL CHIN EPOXY %0 9 & ONE FINISH COAT (S MILS) mOBIL
HEN LPOXY NO. a9 AOR: W

"

A WELD SHALL BE INSPECTED VIA NDT

METH AS FOLLOWS

LIFTING LUGS AND CIRCUMFERENTIAL CONTINUOUS &
WELDS: MAGNETIC PART E PER ASME CODE
SECTION 111, DIVISION |, SUBSECTION NB, ARTICLE
NB- 5 O AND SECTION V, ARTICLE 7

be

LONGITUDINAL SHELL WELDS: RADIOGRAPHIC PER
ASME YOE SECTION 11, DIVISION |, SUBSECTION

NB. ARTICLE NB-5000 AND SECTION V, ARTICLE 2 R

]

ALL WELDING PROCEDURE AND PERSONNE
SHALL BE QUALIFIED IN ACCORDANCE wWiIT
ASME CODE, SECTION IX .----+..-,.....-----.---.,
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REMOVED

PER FEDERA. SPECIFICATION
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W OO0 PSI CRUSH E NG T d .
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NOICA TG DV
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18,
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10,

11,

NOTES: UNLESS OTHERWISE SPECIFIED

tny

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 AS17
FOAM: 1,000 PS! CRUSH STRENGTH RIGID POLYURETHANE. PER NUPAC FOAM
SPECIFICATION NPI-FB.
LEAL: PER FEDERAL SPECIFICATION QQ-L-171€, CRADE A OR C.
REMOVED
REFERENCE DATA:  CASK WT: 54,000Las.
PAY LOAD: 10,000L8s.
GROSS WT: 64,000Lss,
REMOVED
ALL WELDING PROCEDURES AND PERSONNEL SHALL BE QUALIFIED IN ACCORDANCE
WITH ASME CODE, SECTION IX.
ALL WELDS SHALL BE INSPECTED VIA NDT METHODS AS FOLLOWS:
LIFTING LUG AND CIRCUMFERENTIAL CONTINUOUS
WELDS: MAGNETIC PARTICLE PER ASME CODE SECTION [II, DIVISION [, SUBSECTIOM
NB. ARTICLE NB-5000 AND SECTION V, ARTICLE 7.
LONGITUDINAL SHELL WELD: RADIOGRAPHIC PER ASME CODE SECTION [Il, 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
8 ONE COAT PMENOLINE 305, OR ONE PRIMER COAT (5 MILS)
MOBIL CHEM EPOXY NO, 89WQ 3 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 SHIELD MAY BE INSTALLED
BETWEEN THE OVERPACKS,
FLASKS FABRICATED PRIOR TO 3/84 MAY BE MADE USING ASTM-A3SE MATERIAL.

(FLASK BODY OUTER SMELL SHALL BE 1 1/8 IN. THICK, WITH FULL PENETRATION
DOUBLE SIDED V GROOVE WELD FOR VERTICAL SEAM.)
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APPENDIX 1.10.2

EXPANSION OF ACCEPTABLE STRESS-STRAIN RANGE FOR IMPACT LIMITERS

1.10.2,1 Introduction

Due to minor changes in the formulation of the NPI.F6 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 effeci of this revised upper bound on the

package margins of safety is presented below.

1,10,2.2 End Impact

The end impact drop orientationm is the drop orientation most seriously
affected by the revised foam properties. NuPac's EYDROP program is used to
evaluate the force; generated from a 31 foot drop onto an unyielding surface.
EYDROP, 1like 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 Compliance No. 9132, and the NuPac 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 gererated 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 end 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.
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r‘-‘ 1.10.2-1

EYDROP ( END.
. PACKAGE WEIGHT = 64000, (LBS)
PACKAGE DIAMETER *= 100.34 (ru
WOLE DIAMETER = 55.00 (IM)
ACK W = 18.00 C(IN)
DROP HEIOM = 31.00 (FT)
+444 [MPACT »ess *eeser ENERGY #4ebss
M
c.:g;" STRAIN FORCE ACCEL.  KINETIC STRAIN RATIO
(1N (LBS) G) CIN-LB) CIN-LB) (SE/KE)

.2 014 90226 gt,o 11278, 009

; 028 80645 2.8 45113, .03%

; .042 5070679 79.2 1901505. .080

" .056 6197042 9% .8 3309970, 139

. 069 55697 . 00.9 4891562, .208

. L0835 6633053, 06.4 6533906 . 213

: 097 4879108 07.5 8229176 L3644

\ .{u 1893 09.7 9966431 . 416

: 123 19236 11.2 11733702, .490

. 5 139 7192218 12.4 13522635 564

; 158 7244524 15.2 15327 226. 439

.0 167 7282793 13.8 17143161, 714

- g W e

e . 12.9115.8 44398, 100 'b
Bl e . —— s . .

. “‘ﬂ. 2—43333% - {r,o 4 n?a. { 13
Py 236 7625653 19.2 6403426 096
4 250 7744310 21.0 i“‘ 4671 . 1.17%
4. 266 78715064 25.0 c; 6648 . 1.2%
5.00 278 8007254 25.1 32261490, 1.337
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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 predicted deflection, 3.94 inches, is slightly
less than previously predicted.
As a result of this analysis, the margins of safety predicted for the
secondary lid closure bolts are affected slightly. For the 24 inch opening,
the bolt force would be:

P = (3098 1bs.) (117 g)/ 8 bolts = 45308 1bs./bolt
The associated margin of safety is then:

M. 8. = (56000/45308) - 1 = +0.24

For the optional 29 inch opening, the force in the bolts may be calculated as
follows:

P = (4186 1bs.)(117 g)/ 8 bolts = 61220 1bs./bolt
The margin of safety for the 29 inch opening would be:
M. 8. = (75750/61220) - 1 = +0.24
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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1,10,2.3 Corner Impact

The change in the ipper 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
Safety 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. 8. = (160,000/122,195) -~ 1 = 40,31
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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 omne 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. S. = (261,316/122,195) - 1 = +1,.14
The Mark I overpack retainer pins have a capacity of 32,800 1bs, in doudle
shear. The body of the report demonstrates that shear of the pin is the
controlling condition rather than shear out. The pin load is calculated as
below:
'o = (122195 1bs.) (3000 1bs.)/ (19900 1bs.) = 18421 1bs.
The margin of safety is then:

M. S. = 32,800 1bs./18,421 1bs., -~ 1 = +0.78

The load carried by the closure bolts ‘n the Mark I bolt-on 1id design can be

calculated as below:
(16900)(77.2)(38.125)cos 40° = 12267878 + (266.7)(Pb)(71.13116.2$)
'b = 103,670 1bs./bolt

Since the capacity of each stud is calculated to be 120750 1bs./stud, the

margin of safety is as below:

M. 8. = (120,750/103670) =~ 1 = +0.16
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The capacity of the cask body closure ring is calculated to be 210,000 1bs. at

each stud location. The margin of safety for the closure ring is then:
M. 8. = (210,000/103,670) -~ 1 = +1,03
Bearing stresses in the overpack attachment lugs can be calculated as follows:
forg = 122,195/((1.50)(1.625)) = 50,131 psi
The margin of safety is then:
M. 8. = (90,000/50,131) -~ 1 = +0.80

The weld capability of the Mark I hold~down lug weld is 157,500 1bs. The

margin of safety is then:
M, S, = (157,500/122,195) - 1 = +0.29

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

M. 8, = (197,350/122,195) -~ 1 = +0.62

All of the margins of safety calculated in Section 1.7.1.2 of the report that
are affected Ly the revised stress~strain limit on the foam have been
presented above. Nome of the margins have been affected significantly, and
all remsin positive, even with very conservative analysis techniques. 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 an unyielding

surface.
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1.10,2.4 Side Impact

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 effoctive 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 comservative prediction of acceleration. Tests have shown that this
assumption does not sccurately model the actual response of an overpack to

impact loads.

The results of the analyses are presented in Tables 1,10.2-4 and 1.10,2-5,
The tables show that the more rigorous integration techmiques 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 unyielding

surface.




NuPac OH-142 SAR Rev. 11, 6/88
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L.10.2.5 Conclusions

The analyses presented above demonstrate that the revised upper bound on the
stress~strain properties of the foam has no effect on the package's ability to
meet the requirements of 10 CFR 71,
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The package should be leak tested utilizing a halogen
detector type test similar to the ome presenied in Appen-
dix 7.3.2., The halogen gases shall be introduced to the
fully assembled package through appropriate fittings in
the drain port area or a vent port, if so equipped. (See
Dwg Y-20-201D, Detail F; Y-20-202D, Detail N; Dwg. AL-20~
202, Detail K or AL-20-203, Detail E).

The leak test described in Section 7.2.5.1 shall be per-
formed at the Primary and Secondary 1id seals and at all
ports as appropriate for the particular OH-142 cask con-
figuration. The required elements of this leak test are as
follows:

1. A halogen gas leak detector capable of detecting »
leak rate of 0.5 ox./yr. shall be used. Its
ealibration, adjustment, and use shall be in
acoordance with the manufacturer's requirements,

2. Diehlorodifluoromethane (Freon R-12) shall be
used as the halogen and pressurizing gas.

3. The packaging or package (as appropriate) shall be
assembled for the test in accordance with Section
6.0, The cask shall be pressurized through the drain
or vent port, as applicable.

4. The temperature of the cask shall be messured before
the test, The pressurization of the cask shall be
based on this temperature as follows:
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Cask Body Temperature Cask Poessurization
Range (°F) (Nominal PSIG)
10-40 3.3
41-70 3.4
71-100 3.5
101-120 3.6

The sensitivity of the test shall be approximately §
x 1076 std. co/see/ The acceptance criterion shall
be no leak in excess of 1077 sed, ce/ see.

Each seal area rhall be tested,
If scceptance ceriterion is not met, & retest shall be

conducted following an assembly recheck, maintenance,
and/ or reassembly,
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