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Transportation Branch

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: NLI 10/24 Rail Cask
Certificate of Compliance Mo. 9023, Rev. O
Reference: NRC Letter cof March 1, 1979

Gentlemen:

In response to the reference letter, NL has revised certain pages
and drawings in addition to the information contained in Attachment
No. 2.

Enclosed herewith please find eight (8) copies of the revised pages
and drawings. Revised pages are those listed on Attachment 1 to
this letter.

NL is not requesting any proprietary data withholding regarding the
attached data and drawings; therefore, you are hereby authorized te
relzase all of the enclosed data and drawings as deemed necessary
by your staff
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July 6, 1979

Attachment No. 1
Revision List - NLI 10/24 Rail Cask

Safety Analysis Report

Section Rev. Na. Revised Pages
VIII 2 -3, -4
XI, Part 2 3 2-22h,
4 2-5, 2-17, 2-22e, 2-22j,
2-22k, 2-22m, 2-22
5 2-10, 2-12, 2-18a, 2-21,
2-22
l Part 4 4 4-68, 4-71, 4-70
' 5 4-73, 4-74
XV ) 4 -2
6 -1
XVIII 8 -2
9 -1
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Attachnent No. 2, to NL Letter of July 6, 1979

Response to NRC Letter of March 1, 1579

Structural
Inner Closure Lifting Lugs -
Page XI-2-5 has been revised to incorperate a statement specifying

the method of 1ifting that will result in a direct vertical lift
on each eye bolt.

Cask Tie-Down System

B i B e B e e e e
5
)

Section 2.2 Tie-Downs, was revised to reflect information given

by the final detail drawings used to construct the casks. The various
parts of this section were restructured as explained below to improve
the presentation.

2.2 - This part presents the same information; introduction and
analysis of applied loads; as the previous edition.

2.2.1 - This part analyses the tie-down at the closure head end

. of the cask. The difference in presentation here is that

. the previous edition analyzed both the lTugs welded to the

| car frame and the lug welded to the cask. Since the

' criteria is different for the two sets of lugs it seemed

) lojical to separate the two conditions. Therefore this
ravised section deals only with the lug welded to the cask

| ind the tie-down pin.

| 2.2.2 - This part analyzes the tie-down at the battom end of the

' cask. As in Part 2.2.1 the difference in presentation is

l that the previous edition analyzed both the lugs welded to

| the car frame and the lugs welded to the cask as well as
the support saddles. This revised section deals only with
the lugs welded to the cask and the tie-down pin.

2.2.3 - This part analyzes the tie-down lugs and saddles which are
. weldad to the car frame. Also included in this part is the
summary of tie-dcwn stresses. The previous edition dealt
only with the summary of stresses. The revisad editicn is
subdiviced as follows.

2.2.3.1 -~ Front tie-down, Impact at "8" End.

| 2.2.3.2 - Front tie-down - Yelds.

[ 2.2.3.3 - Rear tie-down - Impact at "A" End and "8" Enrd.
2.2.3.4 - Rear tie-down - Welds Impact at "A" and "8" Ends.

655 282
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2.2.3.5 - Saddle bearing stresses.

2.2.3.6'- Summary of tie-down stresses.

The following discussion addresses the changes made and their effect.

Dimensional changes to the figure shown on page 2-8 reflect the final
detail drawing dimensions used to construct the casks. The specific
dimensional changes are as follows:

a) Distance between support points was 205 1/2 inches, now 208 1/2
inches.

b) Distance from front or top end of casks tie-down lug to the
center of the rear or bottom end of cask support point was
175.75, now 177 1/4 inches.

¢) Distance from rear or bottom end of cask tie-down lug to the
center of thc top or front end of cask support point was 197.75
inches, now 193 1/4 inches.

d) Distance from the front or top end of cask tie-down lug to the
center of the front or top end of the cask support point was
30 3/4 inches, now 31 1/4 inches.

e) Distance from the rear or bottom end of cask tie-down lug to the
center of the rear or bottom end of cask support point was 8 3/4
inches, now 10 1/4 inches.

f) Tie-down pin diameter was reduced from 5.5 inches to 5 7/16 inches.
This change was necessary to facilitate handling operations.

Dimensional changes (a) thru(e) resulted in a red ~tion of about 1,000
1bs. in the reaction loads at the support and tie-down points.

Tie-Down Pins:
The reduction in tie-down pin diameter resulted in a decrease in the

margin of safety. However, the stresses are still within the de<ign
¢criteria of 0.9 times yield strangth.

Comparison of Margins of Safety

Original Design | Final Design
5.5 Dia. 5 7/16 Dia.
Front Pin: M.S. .043 .016
Rear Pin:
M.S. Comb. S .54 +394
M.S. Bearing .49 . 323
655 205
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front Cask Lug (Closure Head End):

There is a slight change in the lug configuration. The change did
not effect the hole size nor the amount of material around the hole.
The change provided more material where the lug joins the cask which
in turn resuylted in additional length of welding. The stress analysis
of the lug is the same as the previous editicn except the loading is
about 2100 1bs. less due to dimensional changes sited in (a) thru (e)
above and in the calculation of tension stress the area has been
corracted. The results of these changes has been to increase the
margins of safety.

Two changes we~e made in the lug to cask weld analysis. The length
of weld "A" increased from 2" to 4 1/2 inches and the assumption that
the weld metal in the throat of the weld has a strength at least 90%
of that of the base metal (17 - 4 PH) has been deleted in favor of a
more conservative approach. It is now assumed that the weld metal
is no stronger than the weaker of the twoc base materials, i.e., 304
stainless steel. The analysis is the same as presented in the previ-
ous edition except the margins of safety are less than previously
reported due to the change in assumptions which recuced the weld
strength values.

Rear Cask Lug (Bottom end):

Only .inor corrections were made to the sketch of the lug shown in

the S'?. The 7 inch R. is 7 1/8 inches and the 3.5 inch dimension is

3 5/2 inches. The thickness and all cther dimensions of the lug

remai 2d the same as originally shown. These changes had little effect
on th lug analysis. Margins of safely remained essentially the same
?s or ginally reported due primarily to the correction of area calcu-
ations.

The lug to cask weld analysis is essentially the same as previcusly
presented. As in the case of the front cask lug the assumption on
weld mezal strength nas been revised which has resulted in a reduction
in the margins of safety.

There is no chang2 in the length ¢f welds or the weld pattarn., The
following changes were made in weld siza:

Held size
"a" was 1" fillet, now 1 1/2" fillet
b . "c","d" was 1 3/4" fille* + 1/2" penetration
now 1 1/2" fillces + 1/2" penetration
"o was 1" "J" weld

naw 1 1/2" fillet

The abcve rgsulted in ¢ slight reduction in total weld area (was
175.992 in.€, now 186 %o 14.2). The reduction in w2ld arza combined
with the reduction in allowable weld strength has resulted in a ceneral
reducticn in the margin. ¢f safety. The design, however, still falls
with,o the allowsble stres: zriteria (.9 times yield).

”~.
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Front Tie-Oown Lug (Rail Car):

The lug analysis presented in this revision has corrected some dimensional
errors which existed in the previous edition. Specifically the 1.8 dimen-
sion was 2 inches and the 2 3/4" dimension was 3 inches.

Another difference in this analysis is that the allowable design strengths
are taken as 100% of tne ultimate tensile stress, since the prime concern
is the behavior of the rail car lugs during an accident condition.

The only other change in the front tie-down lug design is a reduction in
the size of Weld 2 from 3/4 inch fillet to 9/16 inch fillet. The original
calculation used the ultimate tensile strength of the Tug material (115,000
psi) which resulted in a break away force of 3.25 g's. The revised calcu-
lation uses the ultimate tensile strength of the weld metal (95,000 psi)
which results in a break away force of 3.55 g's.

Rear Tie-Down Lug (Rail Car):

The following dimensional charges were made to the lug configuration to
provide adequate clearance between the tie-down lugs and the cask body
and cask tie-down lugs. Clearances are necessary to effect proper rota-
tion of the cask from horizontal to vertical.

Center lug:

6 1/4 inch radius was 6 5/8 inches.

2 1/2 inch dimension was 2 3/4 inches.
3/4 inch X 300 chamfer was 1 inch X 45°,
No change in the thickness of the lug.

Side plates:

Sketch in original calculation was not totally correct.
6 1/4 inch radius now shown was 6 1/4 inch dimension on
original sketch.

3 inch dimension was 3 1/4 inches.

3/4 inch X 300 chamfer was 1" X 450,

These dimensinal changes resulted in a slight reduction in cross sectional
areas. There is also a slight reduction in Toads due to the dimensional
changes (a) th u (e) listad previously. The lugs were analyzed in the
same manor as the original analysis with adequate margins of safety.

The foilowing changes were made in the attachment welds identified as
welds 1, 2 and 3.

Welding: The previous calculations assumed that the strength of the weld
joint was equal to that of the base metal, 100,000 psi for T-1 material.
The revised calculations used the weld strength of the filler metals as

listed on page XI-2-22g. This resulted in a reducticn in allowable stress.

Weld #1: The previous weld size was 1 1/2 inch "J" groove with a 1 inch
fillet. The revised weld size is 1 1/8 inch "J" groove with a 1 inch
fillet. The length of the weld has been reduced from 44 inches to 42 1/2
inchas. These dimensional changes still provide a weld which is stronger
than sacrifical weld no. 2.
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Wweld #2: Bottom plate of weldment was 1 1/2 inches thick, now 1 3/4 inches
thick. Fillet weld size has been increased from 1 inch to | 3/8 inches.
Lergth of the weld has been reduced from 35 inches to 23 inches. The net
effect however was an increase in sgquare inches of weld from 67.165 to
85.55. These changes did not effect the function of the weld as far as
being the plane of separation in a severe accicent.

Weld #3: There is a slight reduction in the number of lineal inches of

weld but an increased in weld size. The weld was a 1 inch fillet The

weld joint now is a 3/4 inch J groove plus a 1 inch fill:t. The .evised
weld joint geometry produces a weld which is stronger than Wald #2 which
is the desired condition.

Saddle Supports:

Previous calculations were based on saddle locads resulting from 5 g lateral
force. As stated on page XI-2-10 the saddles are designad for 2g lateral
which results in a reduction in the saddle load. The orly change in the
revised calculation is this reduction in saddie load which results in a
higher margin of safety.

In reviewing this section some typographical errors were four. as well as some
dimensional errors on sketches. The effectec pages have been corrected and given
the next revision level. Each page of the entire section has L:en marked in the
right hand margin indicating the areas of change. With the exce.*ion of the above
mentioned pages the balance of the section remains at the same re.ision level as
the October 10, 1978 submission.

The drawing package was revised to eliminate duplication of informat.on which
reduces the number of drawings in the package. The drawing package was restruc-
tured so that all Impact Structure Details are shown on the seri:: of drawings
numbered 70666F and all Support Structure and Tie-Down Details ar shown on the
series of drawings nuvbered 70667F. On the following page is 2 fluw chart type
presentation which explains the new drawing package vs. the old drawing package.
Two drawings showing Front & Rear Tie-Down Cetails required a correction to the
Tie-Down Pin diameter. The drawings have been corrected and given the next revi-
sion level.

nermal Stresses

1) The cask end temperatures repor*zd on page XI[-3-3A and ([-4-3A were
taken from Section VIII, Therma Analysis, Appendix "0" pages D5,
06, D7 and D8. The data presented in Appendix J and Aprerdix E was
generated specifically for use in the therma! stress analysis calcu-
lations. Temperatures reported in Appendix [ were used since they
presented a more severe condition at the end, of the cask, In all
cases the temperatures reportaed on pages XI-3-3A4 and X[-4-3A have
been rounded off to higher values.

2) The graph on page X1-3-29 is based on a radical cold gap of .105 mils
between the aluminum basket and the inner shell. Orauwing 70651F,
Sheet 2, shows the inside diameter of the cask to be 45 inches.
Subtracting the basket dimension of 44,79 from the 45 inch cavity
dimensicn results in a nominal .105 mil radial gap.

A3 Y ¥
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PUR Spacer Plug

1)

2)

3)

4)

Sketch on page XI-4-73 has been revised to correctly show the 28 1/4
inch dimension.

The procedure that will be used to assure that the PWR saprcr length
will result in the desired gap is as follows. Depending on whether
the particular fuel assembly length is longer or shorter than the
reference fuel length (159.8) add or subtract the difference to both
the 13.99 and 2.13 dimensions shown on Drawing 70655F to obtain the
adjusted fuel spacer heights. Drawing 70655F has been revised to
explain the procedure for obtaining adjusted spacer plug dimensions.

The spacer plug design is such that visual determination of the fuel
basket as well as spacer plug orientation can be made as the spacer
plug is being lowered into position.

The dimension is locating the top edge of the absorber material rela-
tive to the fuel support plate in the basket. The absorber material

is 151 inches long and is located 3 inches above the support plate as
shown on drawing 70652F. The combination of the two dimensions locates
the top edge of the absorber material 154 inches from the support plate
in the basket. The words "TO TOP OF" have been added to clarify the
dimension.

The referenced figure on page XI[-4-68 should be 3.6.1.2.1(¢c). The
percent of ultimate stress at temperature should be 72%. The exposure
time used to obtain 72% at 3%0°F is 1000 hours. The 1000 hours is more
than adequate to cover elapsed transport time. The loading being ana-
lyzed is not a constant load but 2 momentary load resulting from the
hypothetical drop accident criteria.

Misrellanegus

There were some typogra
gur Cctober 6, 1978 let

ch caT errors and omissions in Attachment 1 to
te We have correctad the listing and resubnit

as Revised Attachment ho. 1 ta October 6, 1973 letter.

Enclosed is a complete page tabulaticn of Sectieon XI, giving each page
number and associate page revision number, as reguested.
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NLI 10724 RAIL CASK
SAFETY ANALYSIS REPORT
SECTION XI REVISION STATUS AS OF 6/29/79

SICTION XI REV. REV. REV.
' i 3-6/75 -1-29 1-5/ 1/74 -2-22b 2-9/78
I ii 3-6/75 -1-30 1-5/ 1/74 -2-22¢ 2-9/78
| iid 3-6/75 -1-31 1-5/ 1/74 -2-224 3-9/78
. iv 2-1/31/75 -1-32 1-5/ 1/74 -2-22e 4-6/79
g v §5-5/75 -1-33 2-1/31/75 -2-22f 3-9/78
| s}e 1-5/ 1774 -1-34 1-5/ 1/74 -2-22g 3-9/78
| =12 1-5/ 1774 -1-35 1-5/ 1/74 -2-22n 3-6/79
| wi=3 2-1/31/75 -1-36 1-5/ 1/74 ~2-224 3-9/78
| -1-4 2-1/31/75 -1-37 3-9/78 -2-22] 4-6/79
; o 3-9/75 -1-38 1-5/ 1/74 -2-22k 4-6/79
! =]-6 2-1/31/75 -1-3% 1-5/ 1/74 -2-221 3-9/78
; =1 3-9/75 -1-40 1-5/ 1/74 ~2-22m 4-6/79
| 1-7a 4-9/75 -1-41 2-1/31/75 -2-22n 3-9/78
| -1 7 4-9/75 -1-42 1-5/ 1/74 -2-220 4-6/79
l 1= 7e 4-9/75 -1-43 1-5/ 1/74 -2-22p 3-9/78
<1-7d 4-9/75 -1-44 1-5/ 1/74 -2-229 --9/78
| oY =Ta 1-9/75 -1-45 1-5/ 1/74 -2-22r --9/78
' -1-7f 4-9/75 -1-46 1-5/ 1/74 -2-22s -=9/78
‘ -1-7g 4-9/75 -1-47 -=1/31/75 -2-23 4-9/75
-1-7h 4-9/75 -1-43 1-9/78 -2-24 3-9/75
| -1-7i 4-9/75 -1-43 3-9/78 -2-25 3-9/75
: -1-7j -=9/75 -2-1 4-9/75 -2-26 3-9/75
| «1-8 1-5/ 1/74 -2-1a 4-3/75 -2-27 3-9/75
«}=0 {5/ 1/74 -2-1b 5-9/73 -2-28 3-9/75
| -1-10 1-5/ 1/74 -2-1¢ 3-6/75 -2-28 3-9/75
; -1-10a 1-2/76 -2-2 1-5/ /74 -2-2%; -=3/75
| <1-10b -=2/76 -2-3 1-5/ 1/74 -2-30 5-6/78
. 2111 1-5/ 1/74 -2-4 1-5/ 1/74 -2-31 5-9/78
; «1-12 1-57 1/78 -2-5 4-8/79 -2-32 5-9/78
" 1-5/ 1/74 -2-6 3-5/78 -2-33 5-9/78
. ~1.14 1-5/ 1/74 -2-7 4-3/78 -2-34 4-3/75
| -1-15 1-5/ 1/74 -2-3 4-8/78 -2-34a -=6/75
-1.16 1-8/ 1774 -2-5 4-9/78 -2-34b --6/75
| -1-17 1-57 1/74 -2-1C 5-6/79 -2-35 1-5/ 1/74
-1-18 1-5/ 1/74 -2~11 4-9/78 -2-3 1-5/ 1/74
; -1-19 3-2/76 -2-12 5-6/79 -2-37 1-57 1/7¢
' -1-20 2-2/76 -2-13 5-9/73 -2-32 2-1/31/75
: -1-20a «=2/76 -2-14 4-9/73 -2-33a -=1/31/75
| -1-206  --2/76 -2-15 3-9/78 -2-38b  --6/75
-1-20¢ -=2/76 -2-16 3-9/78 -2-38¢ -=1/31/7%5
-1-21 2-2/76 -2-17 4-6/79 -2-33d --1/31/75
-] 1-57 1/74 -2-18 4-8/78 -2-38e -=1/31/7%
-1-23 1-5/ 1778 -2-13a 5-6/79 -2-30¢ --6/75
<1-24 1-5/ 1/74 -2-15 5-9/78 -2-38g --6/75
Al 25 1-5/ 1/74 -2-20 5-9/73 =2-38h eeemmeees
<126 1-5/ 1/74 -2-21 5-6/79 -2-38i ~<b/75
127 1-5/ 1/74 -2-22 5-6/79 -2-38] 6[ ~-6/75\’\9
-1-28 1-5/ 1/748 -2-22a 2-9/78 -2-38k 6/7% Y
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REV REV. REV

-3-5922 1-2/76 -3-68 4-9/78 -4-16 --6/75
-3-5%aaa 1-2/76 -3-69 4-9/78 -4-17 1-9/75
-3-59bbb  1-2/76 -3-70 5-9/78 -4-18 1-9/75
-3-59ccc  1-2/76 -3-71 4-9/7 -4-19 --5/75
-3-59ddd  1-2/76 -3-72 4-9/7 -4-20 --6/75
-3-59eee  1-2/76 «3=72a 4-5/78 -4-21 --6/75
-3-59fFF  1-2/76 -3-72b 4-9/78 -4-22 --6/75
-3-539g33  1-2/76 -3-72¢ 4-9/78 -4-23 --6/75

| -3-5%hhh  1-2/76 -3-724d 5-9/78 -4-24 --6/75

| -3-59iii  1-2/76 =313 2-6/75 -4-25 --6/75

, -3-59j33  1-2/76 -3-74 2-6/75 “BalE  messmmens

; -3-59kkk  1-2/76 -3-75 2-6/75 Bl . kmmimpnem

: -3-59LLL  1-2/76 -3-75 2-6/75 BBl  sescasens

| -3-59mmm  1-2/76 -3-77 2-6/75 -4-29 --6/75

| -3-5%nnn  1-2/76 -3-78 2-6/75 -4-30 --6/75

r -3-5%00  1-2/76 -3-79 2-6/75 -4-31 --6/75

l -3-50%ppp  1-2/76 -3-80 2-6/75 -4-32 --6/75

; -3-59qq3  1-2/76 -3-81 2-6/75 -4-33 --6/75

} -3-59rrr  1-2/76 -3-82 2-6/75 -4-34 --6/75

| -3-59sss  1-2/76 -3-83 2-€/75 -4-35 --6/75

| -3-59ttt  1-2/76 -3-84 4-9/78 -4-36 3-9/78

1 -3-5%uuu  1-2/76 .3-85 4-9/78 -4-37 1-5/ 1774

| -3-59ywy  1-2/76 -3-86 4-9/78 -4-38 3-9/78

| -3-5%www  1-2/76 -3-87 4-9/75 -4-39 3-9/78

r -3-5%wmww-1 --2/76 -3-88 1-5/ 1774 -4-40 4-9/78

@, -3-50wuw-2 =--2/76 -3-89 2-9/75 -4-41 3-9/73

| -3-5%www-3 =--2/76 -3-90 2-9/75 -4-42 4-9/78

| -3-5%mw-4 --2/76 -3-9] 1-5/ 1774 -4-43 3-9/78

{ -3-5%www-5 --2/76 -3-32 2-9/75 -4-43a 3-9/7

| -3-5%ww-6 --2/76 -3-93 2-9/75 -4-43b 3-9/73

| «3-50www=7 ==2/76 -3-94 2-9/75 -4-43c 2-3/73

| -3-5%www-8 =--2/76 -3-95 -=6/75 -4-44 4-9/78

| -3-5%www-G --2/76 -3-96 --§/73 -4-45 5-8/78

| “3-50ww=10 secesesss -2-97 --5/75 -4-46 4-9/78

| -3-5% xx = ==9/75 -3-98 --8/75 -4-47 4-3/78

} -3-5%yyy  -=9/75 -4-1 5-2/76 -4-43 4-3/78

| -3-59z2z  =-9/75 -4-2 §-2/7€ -4-433 2-9/78

" -3-5333az =--39/75 -4-3 #=3/75 -4-48b 4-3/78

| -3-53b5bb  --9/7 -4-3a 1-9/73 -4-48¢c  4-3/78

. -3-5%¢ccce  -=8/75 -4-41 5-3/78 -4-42¢ 4-8/78

{ -3-sseeee  =-9/75 -4-5 §-9/73 -4-42 5-3/78

| -3-60 2-1/31/74 -4-5 6-9/73 -3-42f 2-9/78

| -3-61 2-1/31/75 -4-6a 4-9/75 -4-43g 3-2/76

| -3-862 2-1/31/75 -4-8h 4-9/78 -4-42h 3-2/76

| -3-63 2-1/31/75 -4-7 -=6/75 -4-49 2-1/31775

| -3-64 2-1/31/75 -4-8 -=6/15 -4-50 2-1/31/75

| -2-6da 1-8/75 -4-3 --6/75 -4-5] 2-1/31/75

| -3-64H 1-9/75 -4-10 -=6/75 -4.52 2-1/31/75

| -3-65 3-9/78 -3-11 --6/75 -4-53 21/ NS
-3-66 2-1/31/75 -4-12 2-6/15 -4-54 3-9/75
-3-67 2-1/31/75 -4-13 2-6/175 455 3-9/75
-3-67a 1-9/75 -4-14 -=6/75 -4-55a 2-9/75
-3-67b 1-9/75 -4-15 -=6/75 -4-55b -=1/31775
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Revised Attachment No. 1 to Octobar 6, 1978 Letter

Revision List - NLI 10/24 Rail Cask
Safety Analysis Report

Section Rev. No. Revised Pages
XI 2 ‘5' '8
3 '6| '18
4 -7
6 -9
Iv 2 -3
3 -4
VI 1 -22, -23, -24, -25
3 -1
VIl 3 -4, -7, -8, -12
4 -1’ -2’ -3’ -9’ "]03 ']]
IX i -1 thru and including
-28
Deleted -29 thru and including

-33 (secticn condensed,
pages not required)

1-48
1-37, 1-49

2-22q, 2-42r, 2-42s
a, ¢-22b, 2-22c, 2-22h

XI, Part 1

(a) =

Part 2

L RS~

¢-223, 2-221,
2-22k, 2-22L,
2-22n, 2-220, 2-22p
8, 2~9, 2-10, 2-11,
-14, 2-18, 2-i3a
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New Pages 2-2

Part 3

3-37, 3-38, 3-£5

3-68, 3-89, 3-7,

3-72, 3-72a, %-72h,
3-72¢c, 3-8%, 3-83, 3-86
5 33, 3-8, 3-7C, 3-72%
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Revised Attachment No. 1 to October 6, 1978 Letter (continued)

Section Rev. No. Revised Pages
XI, Part 4 1 4-3a, 4-81a, 4-81b,
4-112
2 4-43c, 4-43fF, 4-91,
4-92, 4-123, 4- 12°*
3 4-36, 4-33, 4-39, 4-43
4-43a, 4- 43b 4- 63
4-63, 4-70, 4 71, 4-72
4-77, 4-81, 4- 124 4-126
4 4-6b, 4~40. 4-41, 4-42
4-44, 4-46, 4-47, 4-48,
4-43a, 4- 43b i- 48c,
4-48d, 4-67, 4-73, 4-74
4-75, 4-76, 4-78, 4-79,
4-80, 4- 109 - 110 4- 111
4-116, 2- ’23m 4-123q,
4-125, 4-126
5 4-4, 4-5, 4 45, 4-48e,
4-108, 4-112a, 4-12b,
4-114, 4‘115, 4—1163,
4-123L, 4-1220, 4-127
e=137a
6 4-6
Part § 1 5-6
2 5'2. 5‘3, 5-4
New Page 5-7
XI1 New Page i
XIv 3 -4, -5, -7
5 -6
Xy 3 -2
5 -1
XVI 2 -2, =3, =7, =11, =12, -13
-14, -15, =16
3 -4, -6, -8, -8, -10, =17
4 -5
Deleted -18, -19, -20 {section con-
densad pages not required)
XYII 4 -2
X¥ll1 7 -2
8 -1
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[ | 2l Al Re\ll. 2 - 6;75

Decay heat is removed from the fuel to an aluminum basket by thermal radiation
and conduction through helium and by conduction through the neutron absorber
liners. After conduction to the periphery of the basket, the decay heat is then
transferred to the cask through a helium gap by conduction and thermal rad-

jation and by conduction and convection through the cask body to the atmo-

. sphere. The cooling channels are dry.

This mode of heat dissipation is considered as the rormal mode of operation
for the purposes of determining metal temperatures and pressures for the

structural evaluation of the cask.

Forced circulation In the auxiliary cooling system is the actual normal mode
of operation even though the nomal condition of transport analysis considers
the cooling system not to be operating. The cask temperatures will be
lower when the ccoling system is operating. This will increase the safety

of the package above what is requirad for ncrmal conditicons of transport.

The anxiliary cooling system is provided to circulate ccolant through cooling

- rannels that are locatad in the cask at the cuter surface of the inner shell,

B R R I R R I O TR RIS EEE===————=——
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Rev. 2 - 6/79

The auxiliary cooling system has the capacity tc dissipate more than
100% of the decay heat. In operation, not all of the heat is removed by the
cooling system. A portion of the decay heat load Is removed by a combination

of conduction, convection and radiation to the atmosphere.

During cold operation the ambient temperatur2- is -40°F in still air without
any solar heat load ( the cask is in the shade). Detailed analyses of the
rask have not been performed under these conditions since a uniform cask
temperature of -40°F may be conservatively assumed. The neutron shield

will be protected from freezing to -40°F by using an antifreeze solution.

1.2 Cff Normal Conditions

The following off normal conditions have been evaluated:
a). A hypothetical fire accident with conditions applied sequentially
as specified in Appendix B of 10 CFR 7.. In some areas add-
itional conservative assumptions were invelved.

b). Forced convection and loss of forced convection are evaluated
qualitatively.

1.2.1 Hypcthetical Accident Conditions

Beginning with an assumed ambient temperature of 100°F, the cask experiences

a 30 foot drop onto a flat surface fcllcwed by a puncture.

oy - D CL————— — B e R e ——— - e e e T —
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Rev. 4, 6/79 |

2.1.3 Inner Closure Lifting Lugs
Inner closure design weight is 7400 1b., (sect. VII).
Design l¢=+ +* 3g, P = 3(7400) = 22200 1b.

' are inserted into tapped holes in the closure for handiing. Closure

|
|
The inner closure is provided with three threaded eye bolts, which
head wil' be handled by a 1ift rig having 1ift points located at the

same dimensions from its center of 1ift as the closure head eye bolts

Lifting force model:
I

are locatad from the center of the head.
|
|
\

e e . - o _.__,!
;’6" i 19,5 - 26,375~
/ . | £
.".‘ | } l I
/ ) % '».\. R P RZ
N\ < 26.375 -
T - - e e i
' C
\ ¥, e | Sum forces:
45
0 Ry + Rz = P = 22200
B
a-19.5—= Moments abdbout Rj:

19.5 P = 45.875 R
Solving for eye bolt forces:
Rp = 22200 (19.5/45.875) = 9437 1b,
Ry = 22200 - 9437 = 12763 1b.
ey? bolts A and B, FA = Fg = 12763/2 = 6382 1b.

Eye bolt C, FC = 9437 1b

The minimum rated tensile strength of the 1 inch diameter eye bolts is
46850 1b., which is nearly 5 times the design load of 9437 1b. on the

most neavily loaded eye bolt.

| X1-2-5 655 -00
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Rev.4 8/78

8-2 Tie-Downs
 * The tie-down system consists of (1) cask lugs with mating plate
anchorages welded to the railcar center sill to take vertical upward
and jongitudinal loads, and (2) V saddles to take vertical downward
and lateral loads. ‘
The rear cask lugs take the entire 10g longitudinal loads in both
directions, thus allowing the front cask lug to be free from
longitudinal loads so that clearances can be provided longitudir 1y
for cask/railcar relative expansions.
The lugs and pins of the cask at both ends are designed for combined '
loads of 10g longitudinally, Sg transversely, and 2g vertically,
in both directions, without exceeding 30% of the yield point stress.
The cask iugs are 17-4 ph material and the plates of the anchorage
are T-1 steel, both at a nominal 100,000 psi Y.P. Welds between
the bottom ct the plate weldment and the mounting blocks on |
the center sill itself are calibrated to break at a load less than
the actual strength of the tie-down unit of lugs and plates, but
greater than the minimum specified design loads.
The cask weight rests on and between the 350 flat saddis bearing ]
plates (which form a S0° V support). Low friction wear bearing
linings are proviced as part of the saddis construction, thus
allowing axial motion between the saddie cover piate and the l
edge of the impact structure whick supports the entire cask weight

and vertical reactions.

‘

’ 655 302
\
b

X1-2-7
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The front tie-down has 1 cask luc

"~

side plates, while the rear

€GO

tie down, designed for 109 longitudinal, has

™~y

cask lugs and 3

side plates spaced alternately. Both have 5 7/16 in. dia. pins.
s G, v ;7

b 204 -

B CaSk ["' 5

' ’ )
! }

|

A End o ' B &nd
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Analysis of Anplied Loads (Specified by 10 FR - Part 71.31 (d))

10g Longitudinal = 10 x 220,000 = 2,200,000 1bs at rear tie down.
5g Transverse = 5 x 220,000 = 550,000 1bs at front and rear saddles

2
2 x 220,000 = 220,000 1bs at front & rear tie-down or saddle.

2g Vertical = ;
Eaci: of the above loads can be applied in either + or - directions.
The particular combinations which produce the maximum loads on
a certain structure are developed in the following cases.

(1) A end Impact Car ~el0¢ foreward on cask

[04g- 2
E%_D_ el S . 7 T END
445
—
i‘ A /Oi
A5
» i 7
F 53
itching couple at F and R
#Ff = 2,200,000 x 41.5 = 450,530 1bs
158.25
Verticals for rear tie down ai R Verticals far front suoport at F
4 460,530 pitching 10g ¥ 460,530 pitching 10g
A 220,000 29 V & 220,000 25 ¥
& 110,000 ig static wt. & 110,000 1g static wt.
4 570,530 Net tension ¥ 790,530 det Compression

Xl -2-9




§50,000 gl

(59)

§70,530
A

: \t>4f/
et 7 V771,825 (5

59)
saddle

A\

ev. 5 6/79

R=1,120,530 Lug
| Rear Tie-down plane (R}
| A End Impact

Rear tie-down cask

1,120,530 ibs
2,200,000 1bs

2,468,924 1bs.

lug and pin, net loads
. 4 vertical, tension
. ®— toward A end.

™S\ resultant

| Front tie-down is not loaded with 10gL acting toward A end.

Front and Rear saddles are designed for 2g transverse instead of 5g, since

1 the whole package of car and cask is unstable at about 53, and 25 design
~

‘ loading provides adeguate large margin of safety.
.

| 570,530

| i

| TN

| 220,000 [ 1\

| ) I

' I

h .

‘ l \\

| ‘ \311,124

| ' Saddle

| 790,530

i Lug

» <. ? :—
655 309

XI -2-10
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790,530
& 460,530 pitching
(29) _ v 220,000 2g V
220,000 -~
i 4 110,000 1g static wt.
: \\EX:, & 790,530 net compression
403,426 ° " 714,552
Saddle Saddle
Front plane (F)
Saddle

A End Impact

(2) For 10g L acting toward B end of car and bottom of cask

B end Impact

-
A End
_— 10 —p 8 End
|4 Impact
! 41.5
1 N\ ! 10g
L e
o |
|
I -
'-————177 25 —-—--—--»f
(3 R
Pitching couple at F and R
+F = 2,200,000 x 41.5 = 515,032 1bs. er 5
177.25 655 306
Xl -2-11
g LTS
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For front tie-down at F 515,092 pitching
s i
g Static
625,082
s A 625,092 net tension
550,000 |
(53) ""“"”‘\( 1
v (777,325) saddle (53)

F=1,175,092 Lug
Front Tie down Plane (F)

B End Impact

For Rear Saddle at R, wit'y 2g transvorse

4 515,097 pi.ching
& 220,000 2g V
¢ 110,00C lo static wt.

& 845,092 net compression

/"; \\
220,000 A
4q°.06%:>( \“753,134

Sazdle ‘ Saddle

Rear Saddle Mane (F)
B End Impact

G~y
-
b
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2.2.1 Tie-Down-Cask Closure Head tnd ("A" End)

i -

o 5 dholkenio il i iR hidliemlien’ - 1
=

r,<1{<f,r{7’441,/;/ A F b

ALY
P
-

Front Tie Down

HAKI End

Also Closure Head tnd of Cask

(" 3

Xl «2- 13
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2.2.1.1 Front Tie-Down Analysis

L g ~ gl |

-2 —» lg— 3 ———p - 2 —pn
Car Car
Plate Plate

5 %e

i SR

o —
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v Y.E Front Pin analysis
P = 1,175,092 1bs on lug (from B end impact - X[-2-1%)

P/2 = 587,546 1bs on each plate
Pin dia = 5-7/16 in,

Material 17-4 ph (100,000 psi Y.P.)
Z = .098 (5.4375)3 = 15.755 in3
A= T3 (5.4375)2 = 23.22 in2

Pin stressas at section A

My = P/2 x 1.5 = 881,319 in lbs.
Sp = 831,319 = 55,939 psi

15,755

587,546

Sg = ) = 25,303 psi
Combined stresses = \ 55,9392 + 3x25,3032 = 71063 psi
M.S. = .9 x 100,000 - 1 = .266

=063

Pin stresses at center P

Mg = P/2 x 3% - P/2 x 7/8 = P/2 x 2.375 = 1,395,422 in 1bs.
Sy = M = 83,570 PSI S¢ = 0
TB S

M.S. = .9 x 100,70 - 1 = .016
88,5..

XI -2- 15
65

wn
€




Rev. 4 6/79

2.2.1.3 Front Cask Lug Analysis !

Section throuch C.L. of pin

Area = 3-1/8 x 3-1/2 - .266 = 10.5045 in?
— 2

Tenition Load = 1,175,092 1bs. (from B end impact X[-2-12)

Hoop stress acros: area - temsion
St = 1,175,092 = 55,933 psi

2x10.5045

M.S. = 9 x 1000,000 - 1 = .609

~%5,933

I ) Shear tearout at 409 from C.L.
!
t
k
|

o o G ]

Area = 2 (3 5/8 x 3-1/2 - .75) = 24.625 in2
Z

S¢ = 1.175,092 = 47,719 psi

~723.625

o A &5 | M.S. = .6 x .9 x 100,000 -1 =
o , 37,713

131

Tension area thru diameter

| Cask Lug ’ Area = (13-5.5) 3.5 = 26.25 in?
31/8 |

S¢ = 1,175,092 = 44,765 psi

—2%.25

M.S. = .9 x 100,000 -1 = 1.0
I-w 2% -o-l Lg X 300 x4~1,765 :

Xi-2-17
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l
b 2.2.1.4 Front cask lug - Weld strength
% A

i ﬂ 42 .‘
» Fac P-t—,’.‘—* ' -
l 5z A I €;L§<5
| @ 40

Front lug = 3%" thick i ' n 7
1 17-4 ph s.s — T ! =) L3£“D

Weld A = 1-1/4" 0 + 1" fillet on 2 sides of 3% lug
Weld B = 1 fillet on 2 sides
| Weld C = 1" fillet across end of lug on cask

Weld D = 2 x 3/4" fillets at end of lug, normal to cask

; Throat areas of welds

| A=2x ik = 3"
I’ Ba2x .707" = 1.414"
C=.707"

D=2x (3/4 x .707)

1.06"

Weld material has substantially same physical as 304 S.S
base material of cask, =o values of latter are usad.
(75,C'TouTS and 30,000 Y?)
Therefore, throat area of weld is critical, rather than interface

areas of contact with cask or lug.

O
N
[y
)
(S

<
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C.C. of welds - to find X and ¥

Area (A)
Y5 x 707 = 2.47

&5 x 3 = 13.5
5.5 x 3 16.5
3R 3 = 8.0
15 x 1.414 = 21.2]

"

3 x1.06 =_3.7

66.39 x

ALY A
0 5.5 13.585
30.38 5.5 74.25
74,25 2.7 45.375
54.0 0 0
318.15 0 C
83.47 0 0
560.25 2.00 133.21

Pev.

56/79

Ta® 3.5 X(.707)3 + 2.47 (8.44)2 + 3 x (4.5)3 + 13.5 (6.19)2

49 ! J 3 { )

+ 2 x5.5(1%)3 +16.5 (3.94)2 + 3 x 33 + 9.0 (2.44)2
12 S

+1.414 §1513 +21.21(6.56)2 + 7 x §é:3)3 + 3.7 (14.06)2 = 3081.8 ind

1., =.707(3.3)3 + 2.47(3.5)2 + 2 x 4.5 x (1.5)3 + 13.5 (3.5)2

XX

~

+ 2 x 15 x (.707)3 ¢

12

Ip = 3081.8 + 398.7 = 3480.5 in.%

XL ’2‘ 18&
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Eccentricity of vertical load = 1.94"
Py = 1,175,092 1bs (X1-2-16)

T = Py x ecc = 1,175,092 x 1.94 = 2,279,678 in. 1bs.
= 2,279,678 = 655.
iéE} 3980.5
S * T = (.f..—r")ﬁ = 655 for any point
Sp P

Stress_at point (3)

P =\72 + 14,062 = 14.2 in.
S = 635 x 18.2 = 9301 psi Fcompression
Sg = Lniform tension stress over all velds

= 1,175,002 = 17,700 psi tensionf
-39

~6.39

Net stress = 17,700 - 9201 = 8399 psi tension
M.S = .9 x 30,000 -1 = 2.2]
T 8398

Stress at point (2)
(= 3.9
S¢ = 655 x 3.94 = 238] psil

s = 17,700 psi ¥
Net stress = 17,700 psi + 2531 psi = 20,281 psi +
M.S = .9 x 30,000 -1 = .33

Stress at ooint (1)
@ =\ 8.042 +3.52 = 9.8
S = 655 x 9.14 = 5389 psi ¥
S = 17,700 psi §
Net stress = 17,700 + 535 = 23,682 psi ¥ 6

(S

M.S. = .9 x 30,000 -1 = .14
23,685

X1-2-19
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Tie down - bottom end of cask ("8" End)

Rear Tie Down

“8" End
Bottom of Cask o n
P ‘
0o J
X1 «2= 29
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Rear Cask Lug (B End)

For impact at "B" End

Fe
2,200,000 1bs

For impact at "A" End

/.-\\ FZ =

( §; 2,200,000 i
\'-' R= F3=

2,468.924

1,120,530

€
q
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Rear Cask Lugs - B - End

Material - 17 - 4-PH 100,000 psi y.p.

Min. area at vertical section =

Tk R
ﬂ&fﬁ p— 2 ——>)I 1 (3 x 3-5/8) - % x .B66 = 10.44 in.2

; Max tension load = 2,468,924 1bs
';lﬁiﬁf;Ex ’A; ¥ on both lugs (Impact at "A" End)
',& 30°

Hoop stress thru section A = 2,468,924 = 59,852 psi

(12.375-5.5)3x2

M.S. = .9 x 100,000 - 1= .50
59,852

Shear tear - out at 400 to lcad line

Area = 2 (3 x 4.66) = 27.96"2

S = 2,468,924 = 44,151 psi
’ 2 x 27.96

M.S. =6 x .9 x 103,000 -1 = ,223
44,151

Bearing stress at P

Bearing area 2 lugs = 2 x 5.5 x 3 = 33in2

S = 2,468,824 = 74,816 psi
M.S. = .9 x1.5x 100,000 -1 = .20
74,216

X1-2-22
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2.2.2.2 Cask pin - B End -~ 5-7/16 dia.

Material - 17-4 PH 100,000 psi Y.P.
Z = .098 {5.4375'3 = 15,755 in3
| A =T/4 (5.4375)2 = 23.22in2

i Load distribution 1P P
| 2 3 3 & 4
| Fig. 1 |
| A | e k3 - )
| |
| F’ T "'T |
| < L=14 ——
P P
Fig. 2 A J l
T\{v\ " YI/L/?
Fig. 3 A l A_*,(;

iB
Fig. 2 Shows center deflection Y, , caused by two loads (P) on

-

simply supportad beam (support B removed)

Fig. 3 shows support force B required to return center poini to

save lavel as ends A and C. da2=Y,

Max. load = 2P = 2,468,524 from impact at A end .

P = 1,234,462 1bs.

XI-2-22a
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Fror Fig. 2 \(‘ = Pa _é3L2 - 8a2)
7% E:

a=3 L= 14
\(,g Px3 (3x142-4x232) =¢3FP

From fig. 3 =Y =8> =8 x143 = 57.1666 B
1; 7: ET 33ET £l

Equating 69P = 57.1666 B
B=1,207P
2 - 1.207 = ,3965P

A=C= 5
But max. P =1,234,462 1bs
B = 1,489,000 1bs

A = C = 489,464 1bs

Moment at P = 489,464 x 3 - 1,234,462 x.75 =1,005,469 in 1bs

_L_.z__._.

Moment at B = 489,464 x 7 - 1,234,462 x 4
+ 1,489,000 x 1 =,767,100 in 1bs

_L_r__

At P, Max S = 1,005,453 = 63,819 psi at P
=% S5

Shear 2t P = 489,464 - 1234464 = -127,7388 lbs
2

S¢ = =127,768 = <5502 psi

Comb. Sp = || 638152 + 3 (5502)2 = 64,527 psi

M.5 = .9 x 10C,000 -1 = .394
64,527

t 8, Bearing 5, = 1,489,000 = 67,682 psi
e e » e

M.§. = .9 x 100,000 -1 = .329 conservative
67,682

e
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2.2.2.3 Welds of lugs to cask

The two lugs welded to cask are of 17-4ph metal, while the

cask itself is 304 S.S. The weld metal is similiar to the base
metal and is calculated at 30,000 psi Y. P. The weld is critical
thru its throat area,

There are two conditions of applied loads acting through the
center of the pin. When the force applied at the cask C.G. acts
toward the B end of the railcar, the rear tie-down is loaded only
by the 10g L force while the vertical forces are taken in com-
pression on the rear saddle itself. When the force of 10g L

is acting in the direction of the top (A) end, then the rear lug
pin is loaded with both 10g L and the resultant tension of ap-
plied vertical forces (of pitching, etc.)

For an impact at (A) end, the total resultant load of 2,468,924 1bs.

acts almost through the c.g. of the welds, and so regligible torsional
stresses are daveloped. The main stress is the average uniformly
distributed stress of:

S = 2,468,324 1bs. = 14,80C psi
166.26

Due to the direction of the resultant, this is largely tension
across areas a, ¢ & 'd e and 1:-gely shear across areas b and d.
Even for a point which may be corpletely orieated to pure shear,
this stress is safely low

M.5. = .6 x .90 x 30,000 ~I = ,095 shear (Actually conse: ...ive
14,800 on Y.P.)

X1-2-22¢
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3 Cask |
Bottom :
d=12 e |
TI1E-DOWN ‘:::Niii:[T- l‘-— ’
c.3. welds
o B
m . ]
| " '” }
% é=8 |
|
Weld Pattern T 2,200,000 000=F
for Rear Cask =F] A) Front Impact
Rear (B) F3
Impact R = 1,120,530
2,468,924
These lcads are for 2 lugs 3" thick
.
!
l
|
|
|
|
!
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Throat widths - single lug. (w)

a 14" fillet w=1.5x.707 = 1.06 in.

b, ¢, 4 each 2 (1% filiets + 1/2 penetration)
w=24x1.50= 3.0 in.

e 1% fillet w=1.25 ir.

To determine C.G. welds

X W= A X AT Y Y
a 3 x1.06 3.18 0 0 0 0
b 8 x 3.0 24.0 B 96 0 0
c 5.5 x 3.0 16.5 8 132 2.75 45.37%
d 12 x 3.0 36.0 14 504 5.5 188.
e 3Ix 1.7 _3.75 20 75 5.5 20.625
83.43 (9.67) 807 (3.16) 264

Polar moment of inertia Ip for each Tug

'f(g_}_3+w1 x2 + w3  + wly2) where wl = A
=5 A (w2 +12 + }ZWZ)

12 1
Ip = 3.18 (1.06%+ 32+ 9,672 » 3.162) = 24 (32 + 82 + 5.672 + 3.16?)
2 T2 : 12

+

16.5 (32 + 5,52 + 1,672 + .412) + 36 (32 + 122 + 4.332 + 2.342)
2 7 72 12

&

3.75 (1.252 + 32 + 10.33% 2,342)
2 12

331.76% + 1157.228 + 102.76 + 1331.082 + 423.993
3346.838

For both Tugs; 2I, = 6693.7 in.}
2A = 186.86 in.2

655 323

A[.2-22e
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For an impact at the rear (B) end, Fy = 2,200,000 1bs and the vertical

loads are all taken by the impacter rather than by the lug.
Average stress S = 2'200,000 = 13,185 psi for all welds.
Torque due to eccentric%gy is
T = 2,200,000 x 3.66 = 8,052,000 in. 1bs.

8,052,000 = 1202.9 psi

/g = 80500
Shear stress at any point of the welds to cask.
[ Sg = (.7 (T/1p) = 12‘0.219(-’
For point (a) 9\[9.57? + 3.162 = 10.2 in.

4 s. = 10.2 (1202.9) =,12,270 psi (compression against jacket)
-_*— ss = 13,185 psi is here a shearing stress

Sc = \112,2702 + 3 x 13,1852 = 25,925 psi

M.S. = .9 x 30,000 -1 = .04 conservative because compressive stress.
25925

For midpoint of (c)
(P= app. 1.67 M8, = 1.67 x 1202.9 = 2.009 psi (shear) |
S¢ = \[13.18 + 2 x 20037 = 13,836 psi (compression)

L e

M.5. = ,9x 350,000 -1 = .98
13.636

T R S N =

For point (e)
C- \fw.332 +2.382 =10.59
10.59 x 1202.2 = 12,74 psi tensien

-
A
"

I.

13,185 psi shear

\112,7412 +3x 13,1352 = 26,151 psi
.9 x 30,000 -1 = .48
= 26,151

w
(ol
"

=
wr
"

HH5 291
v W .“-1

|
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$.2.3 R> 1car tie-downs and saddles Accident analysis

This analysis deals with those parts of the tie-down system which
are attached to the railcar rather than the cask body itself. The
same applied loadings are used as in the previous analyses of the
cask members, namely 10g longitudinal, Sg lateral and 2g vertical.

The difference in this analysis is that, since it is for an accident

condition, the allowable desian strengths are 100% of the ultimate
tensils stress, contrasted with 90% of the Y F in the previous cask member analy
To prove that in an accident, the failure wou'du be thru the railcar
attachment welds, a final summary of M.5. valves is made, comparing
these railcar members with the cask ratings - for the accident condi-
tion only.

Material properties U.T.S. values are taken as
75,000 psi
115,000 psi
115,000 psi

304 stainless steel (also 308 weld rod & wire)

17-4PH Stainless steel

T-1 steel
95,000 psi
75,000 pst

8018 weld rod & wire

7013 weld rod & wire

Refer to sections 2.2.1 and 2.2.2 for pertinent drawings and part |

dimensions and weld designations.

X1-2- 229
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Front tie-down - Railcar plates - T-1 stcel - 2 plates
Impact at B end

}‘_ Section through C.L.
]
3006‘

Area = (1.8 x 2.75) - (3/4 x05) - (1.732) = 4.047"¢
1732

5.25 1.8 Load per plate = 1,175,092 = 587,546 1bs.
e B

& Hoop stress across section
l { T-6.9d Sp = 537,586 = 72,590 psi

2 x 4.047

M.S. = 115,000 -1 = .584

72,590

Shear tearout at 400 from C.L

Area = 2 (2.6 x 2.75 - .05 x .75 -_1.732) = 12.49in
s

i
L

' S = 587,546 = 47,041 psi

: : BYREN
| M.S. = .6 x 115,000 -1 = .466
47,041

Tension on diameter

Area = (11 - 6.9) 2.75 - 2(.05 x .75)=11.20in2
Bearing Sgp = 587,545 = 42,576 psi

. E9x2 S, = 537,545 = 52,453 psi
i . it.ZJ:
| M.S. = 115,000 -1 = 1.7
32,55 M.S. = 115,000 -1 = 1.132
52,453 o

XL =2+ 2Zh 135CS
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Front tie-down - Railcar welds

Welds 1 and 3 are superior in strength to that of weld 2 which is
sacrificed in tension (the only load imposed under transit conditions

or when impacted at B end in the accident condition) When impacted

at the A end, weld 2 can easily be overturned and separated but only after
the rear tie-down has initially released the cask as a free body.

Weld 1 - 2 side plates to bottom plate - (T-1 to T-1) (95,000 UTS welds)
1-1/8" J weld on outer side of each plate '
1" fillet welds all around both plates =
2 x (11 x 1y throat + .707 x 16%) = 56.3in2
P=1,175,092 1bs. on pin and 2 p1atesf impact at B end

S¢ = 1,175,092 = 20,872 psi

—%6.3

M.S. = 85,000 -1 = 3.55

20,872

Weld 3 -~ spacer plate to center sill (T-1 to 64,000 psi UTS steel&
(75,000 VTS welds)

2 welds each 1" fillet x 29" long

Area = 2 x 1 x .707 x 20 = 23.28in2 - thrcat of weld

|
|
|

S¢ = 1,175,032 = 41,532 psi l

28.28 |
M.S5. = 75,000 -1 = .80

El ’g-:z

Interface with center sill is along 1" face of weld.

Area = 2 x 1 x 20 = 40in.2

St = 1,11%2092 = 29,377 psi
M.S. = 64,000 -1 = 1,178
29.3/3
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Weld 2 (sacrificial) bottom plate to spacer plate (T1 = T1) - Tension only
9/16 in. fillet welds along 18 in, sides only (95,000 UTS weld)

Area = 2 x 18 x 9/16 x .707 = 14.317in2

S¢ = 1,175,092 = 82,077 psi

ST

N.5. = 157  tension 4

95,000 -1 =
Therefore, in severe fore and after impact as specified (10g)

the welds will all have a generous M.S.

Front tie down weld #2 - accident condition - A end impact

weld 2 will be separated, not in tension, but by lengitudinal

bending after the rear tie down has separated.

Bending strength of weld #2 in break away after rear tie down parts

2y " 2 (9716 x .707) 182 = 42,95 in3
6

Area = 2(9/16 x .707) 18 = 14.317 in.2
Moment arm = 6-1/8 + 1% = 7-5/8 in. height.

F = hor. force required to cause failure in bending and shear.
M= 7.625F
Sp = 7.625 F = [1775F

32.535

Se¢ = F
19.317
Comb. stress = \&(.1775;)2 +3( F ) = L1216F
| (14.317)
F max. = 95,000 = 731,250 1bs to break away thru 95,000 UTS welds
Pl

7%1,25? = 3.55¢

Longitudinal force to break away weld #2

X1 -2- 22§
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2.2.3.3 PRear tie-down - Railicar plates

T-1 Steel -- 115,000 psi UTS - 3 plates

Impact at A end

Load on central plate = 1,489,000 1bs.

24 , "}317‘ Hoop stress - - at top - flatted

T/ FL 730 Ap = (4 % 2%) - (.75 x 1.3) = 9.025in?
|
r S¢ = 1,489,000
GiR A% A Y 79025 - 82493 psi
M.S. = 115,000 -1 = .3%4

2983

Shear tear out at 400 to 45° load line.

-—"J s o — Area = (4 x 3
— " 3) -(3/4 x 1.3)
CENTER PLETE ™ = 13.025 in

Sg = 1,489,000 = 57,160 psi

Zx 13.025

M.S. = .6 x 115,000 -1 = .207
57,160

-‘-12,‘.
° Load on each sicde plate = 485,464 1bs.

4320
\\\ Hoop stress at top - flatted
Ay = (3x2) - (.75 x 1.3) = 5.5125 in?

S¢ = 439,454 = 44,396 psi
2 x 3.5125

Oy

M.S. = 115,000 -1 = 1.59
33,355
Shear tear out at 400 to 45° lcad line

Area = 2 x 3% - .75 x 1.3 = .51 ind
B

-
-4 P S SRR ” S
‘ '
»
1

"
I
L41]
O
T
o
5
1
A

Sg = 489,464 = 37,593 psi
2 X 6.51

M.S. = .6 x 115,000 -1 = _B35
37,593
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Impact at B end

Stresses in 311 plates are reduced from those calculated above in the

rates of 2,200,000, so they are not critically stressed in this con-
2,468,524

dition.

2.2.3.4 Rear tie-down - welds to railcar

Weld 1 - 3 piates to bottom plate of weldment
(T-1 to T-1) - weld 95,000 psi UTS.
4 x 425" of 1-1/8"J + 1" fillet = 170" x 1%" throat = 255in2

(2 x 42% + 16) of 1" fillet = 101 x .70 throat _= 71.4 in°
Total - weld #1 = .4 1in

x
0
(=8
'N

- (Sacrificial) Bottom of weldment to center sill spacer plates
(T-1 to T-1) - weld 75,000 psi UTS.
88" of 1-3/8" fillet -~ 88 x 1-3/C " x .707 = 85.551n2

53
—
Q
w

Spacer plates to railcar center si ! (2)

(T-1 to railcar sill (A441 - 67,00 ) psi UTS)
Weld 75,000 psi UTS.

142" of 3/4" penetration + 1" filjet

; 142" x 15" throat = 177.5in2

Weld 1 and 3 are obviously much stronger than weld 2.

Weld 2 is sacrificial and will be a~alyzea in deteil.

XI-2-22L
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To find C.G. of welds - Weld 2
a 18 x 0 = 0
2b 2x22 x 11 = &8s,
2c 2x4 x 45.5 364
4 18 x 47.5 = 85
88 x (19.35) = 1703 in?

Iyy = 18 x 19.352 + 2 x 223 + 72 x 22 x 8.352 + 2x43 + 2x4x26.152 + 18x28.152
12 12
= 31327.in3 for line welds

| We:ld throat = 1-3/8" x .707 = .972in
Ig = 31327 = 1112.86 in? for line welds x .972" = 1082 in3

Z, = 31313 = 1619 in? for line welds x .972" = 1574 in3
19.35 2

r Area=15.35 in

weld length= 88",weld throat area = 85.54 in2

For impact at rear (8) end - Loads on tie-down at rear - weld 2

|

l

. Fy = 2,200,000 1bs. - , fth
! M = 2,200,000 x 12 5/8 = 27,775,000 in 1bs. jn

l

This puts tension at 3 % compression at d.

Trers is no vertical load in this case. |

Shear stress Sg = 2,200,000 = 25,713 psf ;
. .54 !
at a max tension Sg = M = 17646 psi
¢ o

Comb. stress S = \ 176462 + 3 x 25.7192
= 47914 psf
M.S. = 75,000 -1 = .565 at a

!
|
!
i
E
!
|

&
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For impact at front end (A) - Loads on tie-down at rear. - weld 2

Fy = 2,200,000 bs., -
! R = 2,468,928\
V] = 1,120,530 lbs. 4

M=F] x 12-5/8 *+ V1 x 7.65 = 36,072,055 in 1bs,

This puts tension at D and compression at A

Stress at D (Sac. Weld #2)

M = 36,072,085 = 33,338 psi
| Iy f,082

1,120,530 = 13,099 psi

"3 =1, :
A
* Total tension = 33,338 + 13,089 = 45,437 psi
Shear stress K = 25,719 psi
| Comb. stress S = \{ 46,4372+ 3 x 25,7192 = 64,349 psi
The max stress at the plane A of the sacrificial weld is thus 64,349 psi

The weld is between T-] plates.

Weld M.S. = 75000 -1 = .165 at d
54,339

This assures adequate strength for 10gL + 5gT + 2gV condition, set allows

controlled break-away above this,

Xl -2-220 i(» 5 5 3 33
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Saddle bearing stresses - Impact limiters on support structure

The compression 1oads un a 450 saddle structure are maximum as
following:
753,134 1bs. Rear saddle, impact at B end, 29 lateral

“inimum bearing area of each flat on radial base plate of impact structure
is 28 x 1.5 = 42 in2

Sgn = 7535134 = 17,932 psi

The material is 6061 - T 6511 with allowable compressive stress at y.p.
= 36,000 psi
M.S. =

36,000 - 1 = 1.00

,
This is for the net area of the edze of the end plate itselr, and neglects
the load distribution afforded by the actual flange width itself, thus

actually giving lower stressec.

6 = .") b -:4
3 J 20
xI-2-220
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Summary of Tie-Down Stresses

The various parts which are positioned between the cask proper and the
railcar proper, and which constitute the tie-down and support system,
are subject to different de:ign requirements.

Summaries of stresses are therafore presented in twc groupings,

each consistant within itself.

Condition A has loadings of 10g L, 59 T, and 2g V and applies to
integral cask tie down lugc and associated pins, with stresses limited

to .9 x y.p.

Condition ? is the acciden' condition. The same loadings of 10gL,

5 gT, and 2 gV are applied .2 the railcar plate weldments which mate

with the above pins and are we ded %o the railcar center si11. Stresses
are calculated on the U.T.S of base metal and of weld material for these
parts.

To make a consistent comparison of these railcar parts with the above cask
related parts, it is necesszry to calculate a new set of M.S. values for
the latter, based on U.T.S rather than .9 x y.p (2s in conditicn A). This
will permit determining how and where separation would occur between

cask and railcar in the case of maximum accident.

X1-2-229
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Stress Summary - Condition A - Transit - .9 x y.p. Allowahle

Impact at Member Stress ns. (.9 y.p.)
B End Front Pin 88,570 psi bending .016
. Front Lug 47,719 psi shear 2 1)
* Front Lug Weld 23,685 psi tension .14
A End Rear Pin 64,527 psi comb. . 3594
5 Rear Lug 44.15) psi shear .223
. Rear Lug weld 14,800 psi shear .095 +
Bend " s 25,925 psi comp. .04 +

Stress Summary - condition B - Accident - U.T.S allowable

(Note - above cask related members herewith re-evaluated at their U.T.S)

Impact at Member Stress M.S. (U.T.S)
A End Rear Pin 64,527 psi comb. . 7182

. Rear Lugs 44,151 usi shear .563

. . Rear lug welds 14,800 psi shear 2.04

a «ear center rail plate 57,160 psi shear 207

- Rear side rail plate 37,533 psi shear .835

= Rear Weld #2 64,345 psi comb. 169 *
b End Front pin 838,570 psi bending .298

" Front Lug 47,719 psi shear .845

;- Front Lug Weld 23,685 psi Tension 2.166

N Front rail plates 47,041 psi Shear .466

N Front Weld #1 20,872 psi Tension 3:56

B Front We'd #2 82,077 psi Tension LY B

» Front Weld #3 41,552 psi Tension .80

" Rear Lug Welo 25,925 psi Conp. 1.892

y Rear Weld #2 47,914 psi comb. 61"5 33’.) -

Sl P 565 13505
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Conclusions - Tie-down Stress Analyses.

Condition A - Transit

The rear, or B end, tie-down takes the entire 10gL in both directions, plus the
resultant vertical loads from all three (3) axes of component loadings. The
stresses are greater when impact occurs at the front, or A end, putting the
cask lug largely in direct tension.

The front, or A end, tie-down takes only vertical loads in tension, which deve-
lope only when impact is at the B end.

Satisfactory M.S. valves apply to all cask related members at a conservative

.9 2 Y.P, stress for 10 gL, 5 gT, and 2g V for the transit condition.

Condition B - Accident

For A end impact all members have M.S. valves greater than the .155 value

for the sacrificial weld #2 of the rear (B end) tie-down weldment. This initi-
ates the break-away procedure, followed by rip off of weld #2 of the front (A end)
tie down weldment. Break-away of the cask occurs there at a lc¢ngitudinal force

of 11.65 gL.

For B end impact also all members are superior in strength to the #2 welds.

The sequence in the break-away, nowever {s reversed. First the front weld 52
breaks in tension as the front end of the cask rises, followed by break-away of the
rear weld #2.

Saddle Weldments are integral with the railcar structure and carry only compres-

sive loads, They are not part of the accident failure situation.
In conclusion, the design satisfies the specification rei "rament that the #2

welds are sacrificial in the accident condition.

N
d
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Allowable Stresses for 6061-T5

Temperature of the Spacer is determined by an average of the Inner

plate of inner closure and the top end of the basket. (Raf, Sect. VIII -

Appendix D) L 355 + 425 . 390 OF
A

From Ref: 27, Figure 3.6.1.2.1 {c)
Table 3.6.1.0 (f)

Percent of Ult at temp. considered = 722
Fry = 42,000 psi

Allowable tensi.s stress (Saa = 0.9S, ) for A1.6061 T€ at 390 OF from Sect. 1.1

under cask interra} structure and Sect. 1.2 cquals .72 (42,000) (.9) =
Sta = 27,216 psi

Allowable Shear stress (.633 = 0.545y) for Al. 6061 T6 at 390 CF

from Sect. 1.1 under cask inte mal structure and Sect. 1.2 equals

Ssa = .72 {.5¢) (42,000) = 16,330 psi l
Allowable Bearing Stress = Spr = .72 (.90) (67,000) = 43,416 psi
Allowable Weld Stress In a welding cperaticn, dealing with either a strain

hardened or heat tempered alumirum alloy, it is impossible to reduce T6 temper
to a value less than O condition temper. Thersfore, tne computation of weld
allowables may use O condition st~ess allowables as a conservative minimum in
the applicalbe equations.
For the O Condition
FTy = 18,000 psi (Ref. 14)
Allowable Shear in Weld = 90% (.72) (.8) (18,000) = 6,992 psi |

Allowable Tension in Weld = 90% (.72) (18,000} = 11,664 psi m

LA\

XI1-4-68
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.Adjacent hard points on the Fuel have two hcles in each bearing surface,

one being .875 In dlameter and the other having a diameter of .55S.

/—. 555 2/4

— Top View of Fuel Pick-Up Point
7/§ aa ,Zeccsfs_b Mo lC - P y
Y * = P SoRe
\ Fel2 AP 52 Full Scale
\ é SHADED AREsH JNDIATES BEAGVNG
’L& B AREA UNDER. CorfPRESS/ION LEG
? . 5552, 7T 2
Area = (1.1)(1.17) T (233%) - 7= (.38)
—at [ )7
) i e Area = 1.287 - .242 - .113 = .932 in
Poare7r—- Full STALE 51,000 .
Spe * T 93" 13,680 psi
M.S = 43,816 _ 1 =
13,680 842
?
.8752
Area = (1.0)% ST (——) - A 3)2
4
Area = 1.0 - .601 - .0706 = .328 in
51,000
g o 2ATN = 3387
br 8 x .328 o
= 43~d:6 - 1 = o
".5. * 55
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Blocks as simple beams:

u—eﬁ. 5Q |
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t
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Pla.2 and Ring in Compression

/ 1
-hn—ge s ”I)u

——¥

e 31 DR

Wr., ace®
TeTA L

£ 35 rm

S, = 958,650 = 20,3930 psi
47.26
M.5.= 27,216 .7 = 338
20,030

Stability of cyli

ndar

Roark - Table XVl -Casa M-ends not ronstrvained (conservative)

Actual S; =

/r = .3(.9 x 10,

20,020 psi 0K

Rev. 5 6/79

F/2 = 1700 x 30 = 25,500 1bs
2

M= 25,500 x 4-1/8 = 105,188 in 1bs.

7 =§§_531;2§3 = 4.21 in3

= 105.188 _ B w1
Sp T 24,989 psi

27,216 ivel
M'S“EKT§§5"1 = .089 (Conservativej

= 952,650 + 30 (200) = 958,850 1bs
> B 5
+ {(3/8 x 30.25) = 47.88 in<

\

103,000) .375 = 65,376 nsi (critical)

15.

|

oy

All welds are in comp-ession, if concidered loaded at all, since

stack-up of members allows direct zoncac: for transmissi?qng loags, .

D J4 0

X1-4-74
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SECTION XV
THERMAL TEST PROCEQURE

Thermal tests will be performed in accordance with detailed thermal
test procedure to verify the thermal performance of the shipping cask. The
therm:1 tests will also be used to establish operational parameters relative
to preparing a loaded cask for shipment and unloading the cask at the repro-
cessing plant. Both fuel basket types, i.e., PWR and B8WR, will be thermally
tested. A cask w'11 only be testei once with the basket type available at
time of test. This section describes the thermal test used to verify cask

performance and the temperatu:- used in the thermal stress analysis.

As established in Section VIII, "Thermal Analysis," the thermal response
of the cask to PWR and BWR loadings are approximately equa'. Therefore,
the heat source for the thermal test shall be eauivalent to the calculated
decay heat source for the ten (10) PWR cask loading of 70kw. The heat
source shall be provided by electrical heaters designed and located to simulate
the active region of a fuel assembly. The heaters will be positionad such that
the 144 inch active length falls within the limits of the neutron shield water
jacket. A mockup of the cask ¢losure heads shall be provided which will ther-
mally simulate the top end of the cask. There will be a*#"tional penetrations
in the closure head mockups to provide for heater l2ads and thermocouple wire

installation.

A -~
XV-1 655 549
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Thermal Test Procedure Rev. 4 - 6/79

The thermal tests are to be performed within an area which will be pro-
tected against drafts and large temperature changes. The cask shall be com-

pletely assembled on the rail car, i.e., the fuel basket, either PWR or BWR,

installed in the cask cavity, closure head mockup with heater and thermocouple

leads in place. The assembled cask will be positioned horizontally on the
rail car to simulate the shipping attitude. The coolina system will be in-
operative and drained for this test.

The assembled shipping cask will be instrumentad so that temperatures
and pressures of the various elements of the system can be monitored and
at established time intervals all data will be recorded. To obtain the
necessary temperature data, thermocouoles will be installed inside the
PWR fuel basket cavities, on the outer surface of the outer shell on the
outside surface of the water jacket shell and on the ends of the cask.

The tnermocouple locations and heater locations in the basket are shown
in Figures 1 and 2. The following thermocounle will also be attached to the
cask. (See Figure 3)

1. Seven sets of three thermocouples will be mounted circumfer-

entially on the cask surface and on the outer surface of the cuter

shell on a plane equidistant from

or

ha ends of the heater active

one. As viewed from the end of the cask, one set would be

t
|
|
!
i
g

mounted in the 09 and then every 30° to the 180° position.
2. A thermocouple at each end of the cask 2t the center of the too

and bottom head.

Xy-2 655
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SECTION XVIII
| ENGINEERING DRAWINGS

i
f 70650F Sheet 1 Rev. 4 General Arrangement
} 10/24 Rail Cask
[ 70651 F Sheet 1 Re . 4 10/24 Rail Cask Details
‘ Sheet 2 Rev. 5 10/24 Rail Cask Details
é Sheet 3 Rev. 5 10/24 Rail Cask Details
? Sheet 4 Rev. 5 10/24 Rail Cask Details
r Sheet 5 Rev. 3 10/24 Rail Cask Details
| Sheet 6 DELETED
E Shcat 7 Rev. 2 10/24 Rail Cask Details
| 70652F Sheet 1 Rev. 7 PWR Fuel Basket
: 10/24 Rail Cask
| Sheat 2 Rev. § PWR Fuel Basket
| 10/24 Rail Cask
z' 70653F Sheet 1 Rev. 7 BWR Fuel Basket
| 10/24 Rail Cask
| Sheet 2 Rev. 5 BWR Fuel Basket
f 1 ./28 Rail Cask
\ 70654F Sheet 1 Rev. 5 MLI 10/24 Cask & Rail Car
. General Arrangement
!
' Sheet 2 Rev. 2 Piping Plans § Details Rail-
| road Cask-Cooling System
Sheat 3 JELETED
70655F Sheet ] Rev. 3 PWR Spacer Plug
10/24 Rail Cask
70656F Sheet 1 Rev. & BWR Spacar Plug

| 10/24 Rail Cask
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:
| Engineering Drawings
70640F Sheet 1 DELETED
70665F Sheet 1 Rev. 4 Neutron Shield Expansion Tanks
10/24 Rail Cask
70666F Sheet 1 Rev. 5 10/24 Rail Cask Impact Structure
Assembly & Details
Sheet 2 Rev. 4 10/24 Rail Cask Front Impact
Structure Ring Details
Sheet 3 Rev. 3 10/24 Rail Cask Rear Impact
Structure Ring Detail
Sheet 4 DELETED
70667F Sheet 1 Rev. 5 10/24 Rail Cask Support
Structure Details
Sheet 2 Rev. 5 10/24 Rail Cask Front Support l
and Tie Down Details
Sheet 3 Rev. 5 10/24 Rail Cask Rear Support '
and Tie Down Details
gL DELETED
70703F Sheet 1 Rev. 2 10/24 Rail Cask
Alternate Construction
TC399F Sheet 1 Rev. 1 Cask, Car Tia-down
Arrangement 10/24
Rail Cask
0C-453-1* Rev. E gl

Genera! Arrangement - 150 Ton
Cask Transfe

*Qrtner Freight Car Orawing
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