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2.2.5 Combined Load criteria
4

U.S. NRC Comment:

(a) In Tables 2.2-1 and 2.2 2, is S,the ASME allowable stress
intensity as defined in ASME Boiler and Pressure Vessel Code
Section III, Appendix 1. Is the definition of S, different for the
stainless steel, aluminum, and bolting materials?

(b) Since the accident conditien stress limits in Tables 2.2 1 and

2.2-2 allow plastic deformation to occur, the presence of plastic

deformation needs to be addressed in cask components essential for

fuel removal. After an accident, the fuel rods may not be easily
removed if permanent plastic deformation has occurred in the

components around the rods.

(c) In Table 2.2 1, no margin of safety is built into the bolt

allowable stresses. Yielding of the bolts should not be allowed.
It is suggested that the ASME allowable stress intensity be used,

where S, is 1/3 of the yield stress. The average stress intensity
is limited to 2 S,, or 2/3 of the yield stress, while the maximum

stress intensity in a bolt is not allowed to exceed 3 S ,, or the
yield stress. Table 2.2-2 has a more restrictive stress criteria

for the noncontainment bolts than Table 2.2 1 has for the
containment bolts. Containment bolts are more critical to the cask

performance and should have the more restrictive criteria.

(d) In Table 2.2 2, should the allowable stress condition be "the less

of" the listed values instead of "the greater of" the two? It is

unusual to define a design limit using-the less restrictive of two

values.

(e) In Table 2.2 2, no margin of safety is built into the allowable

stress limits for primary stress under normal conditions. Yielding

should not be allowed in any material under normal primary stress.
Moreover, it is not reasonable to use the yield stress as the

.
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stress limit for both primary membrane and primary membrane plus j

V primary bendin5 stress categories. '

;

I

NAC Response

(a) In Tables 2.2 1 and 2.2 2, S,is the allowable stress intensity as
defined in the ASME Boiler and Pressure Vessel Code, Section III,

Appendix I. This definition of S , applies to stainless steel and
bolting materials. The ASME Boiler and Pressure Vessel Code does

not define S, values for aluminum alloys. Aluminum alloy
components comprise the NAC STC fuel bas.ket; the allowable stress
for these components is defined as the material yield strength at
normal operating temperature (refer to Sections 3.4.10.3 and
11.2.4.7.2). Tables 2.2 1 and 2.2-2 will be revised to include

definitions of S, (allowable stress intensity), Sy (material yield
strength), and S (material ultimate strength).

(b) No significant plastic deformation occurs in the NAC STC cask body
for any load condition, except for the outer shell during the pin

puncture event, Since the allowable stress limit is the material

yield strength, S , for all load conditions, no plastic deformationy
occurs in the fuel basket for any load condition. It is also noted

that according to " Dynamic Impact Effects on Spent Fuel
Assemblies", by hun, R., Witte, M., and Schwartz, M., UCID-21246,

Lawrence Livermore National Laboratory, October 1987, damage is not
likely to occur to the Westinghouse 17 x 17 fuel assembly for a 63g
side drop or an 82g end drop loading. (Of the fuel assemblies
examined, the Westinghouse 17 x 17 assembly had the " weakest"
structural parameters.) It is, thus, concluded that the fuel in

the NAC-STC may be removed with minimal difficulty following the
hypothetical accident event. This conclusion was verified by tho'

results of a NAC STC quarter-scale model 30 foot side drop, which
inadvertently produced an impact force equal to 5.5 times the

i design impact force (1200g quarter scale - 300g full scale), but
j produced essentially no deformation of the support disks in the
'

basket. (One support disk did incur significant local deformation

due to direct compression loading by deformation through the outer

| 2
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/N and inner shells.) All of the quarter scale model " dummy" fuel

assemblies were removed without difficulty. (Refer to Section
2.10.6, NAC STC SAR).

(c) An inherent margin of safety exists in the bolt allowable stresses

because they are based on minimum specified material strengths;
actual material strengths always exceed the specified minimums,
often by a significant amount.

Because the bolts in the NAC STC that are important to safety are
preloaded in excess of their maximum calculated load for any
loading condition, a constant maximum tensile stress state exists

in the bolts throughout the period of their installation; for this

well defined, constant bolt load condition, the allowable bolt

stress intensity is limited to approximately 70 percent of the

material yield strength, 0.7 S , according to NAC's standard designy
practice for storage and transport casks even though the stated
design criteria for the allowable bolt stress intensity is the

material yield strength; this NAC design practice essentially

Q reflects the suggested ASME allowable stress intensity criteria for

bolts. Yielding of bolts is not permitted and does not occur since

a significant margin of safety against material yield strength

exists.

NAC agrees that containment bolts are more critical to the cask

performance and should have the more restrictive stress criteria;

Table 2.2 2 will be corrected to reflect a stress criterla for.

noncontainment bolts that is equal to, or less restrictive, than

the containment bolt stress criteria.

(d) The definition of the allowable stress condition as "the Greater
of" for normal and off normal conditions for noncontainment
structures reflects a previously established criteria to cover a

wide variety of materials and structures. Since this broad,

general criteria is not necessary for typical noncontainment
component materials and structures for casks, the allowable stress

I limits for normal and off-normal conditions in Table 2.2-2 will be

O
'

3

i'

- - - . . . - - - - - _ - . - - - . . - . . . . ..- _ - . . - - - . .



. . . . . . . . . . . . . - - - - _ _ .- -

Nuclear Assurance Corporation November 1990
Proj ect No, H+ 55

,r] revised to be S , the material yield strength (0.6S for purey y
(/ shear).

(e) As discussed in Paragraph (c), an inherent margin ef safety exists
in the allowable stress limits because they are based on minimum
specified material strengths, and fabrication experience has shown
that actual material strengths exceed the specified minimums by
more than ten percent. Yielding is not peruitted in any material

for any stress category for any load condition and none occurs
because the calculated maximum stress intensity is limitod to be
less than, or equal to, the specified minimum material yield

strength.

The material yield strength is conservatively defined as the

allowable stress intensity limit for both the primary membrane and-
the primary membrane plus primary bending stress categories to
ensure that yielding does not occur anywhere in the noncontainment
components of the NAC STC for the normal and off normal lor <d
conditions; thus, elastic analysis methods are appropriate

V'O
throughout the TSAR.

O
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2.3.4.2 Error Contingency Criteria

h NRC Comment

In the list of criticality analyses criterion, what is meant by:
"(4) no structural material present in the assembly?" The

components in the basket are considered structural since they
support the fuel rods?

NAC Response

The term " assembly" refers only to the fuel assembly. It does not

( refer to the basket assembly, which includes the circular support
disks, tubes, and connecting rods. The statement "no structural
material present in the assembly" refers to the assumption that no
spacer grids or end fittings are present.

O

O
5
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2.3.6 Fire and Explosion Protection

O (Table 2.3-1, Manufacturing Acceptance Leak Test Criteria)

U.S. NRC Comment

What are the minimum preload and gasket seating load required to
meet the leak test criteria given in Table 2.3 17

NAC Response

The metallic o-rings and the reinforced TFE o rings are subjected

to the manufacturers' specified compressions, rather than

predetermined preloads, to meet the leak criteria given in Table

2.3-1. The Helicoflex metallic o ring in the inner lid, for

example, has to be compressed from its original 0.375-inch diameter
to a height of 0.295 inch to meet the leakage criteria of 1 x 10-6
to 1 x 10'9 std cm /sec, at one atmosphere differential pressure.3

The inner lid bolts are subjected to a preload sufficient to resist

the applied external forces to ensure that the specified

compression is maintained. The specified compression force is 2400
pounds per inch of circumference of the metallic o ring. The

0.210 inch diameter Shambam TFE o-ring has a specified compressed
height for sealing of 0.186 inch, which requires a compression

force of 40 pounds per linear inch of its circumference.

O
6 |

1
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p 3.1.2.2.1 Cask Body and Lids

Q)

U.S. NRC Comments

Inconsistency with Tables 2.2 1 and 2.2 2 concerning the stress
limit for primary membrane plus primary bending stress intensity.
The tables list that the stress limit is 1.5 ', , while this section

,

states that the limit is S,.

Since the SCANS bending stress is constant over the local cross-
section, the stress values calculated by SCANS are primary membrane
stresses, not primary membrane plus bending. Therefore, the use of

S, as the limit for SCANS bending stress is appropriate and not
over conservative.

NAC Response

Section 3.1.2.2.1 will be revised to use S, as the stress limit for
-

the primary membrane stress intensities that are calculated by the

SCANS computer program. This makes the stress limit consistent
uith Tables 2.2 1 and 2.2-2.

D)L
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3.1.2.2.5 Fuel BasketO
U.S. NRC Comments

(a) The limit state of 2/3 yield strength applies only to ductile
failure modes. While no authoritative code or standard has been
cited for this structural criterion, it appears to reflect NRC

Regulatory Guide 7.6. If such is the case, this criterion is only

applicable to materials listed in Appendix I of the ASME code or
those covered by an ASTM standard that specifies a minimum value
for the yield strength. It should also be pointed out that the

allowable stress is the lesser of the 2/3 yield strength and 1/3

ultimate tensile strength.

(b) The 1.5 factor of safety for the noncontainment basket components
is inconsistent with the 1.0 factor (greater of S,or S ) listed iny
Table 2.2-2.

) (c) The reference to Section 11.2.13.3 seems to be in error since the
last section in Chapter 11 is 11.2.13.2. Further information about
the structural evaluation criteria for the basket components would

be useful.

NAC Response

(a) The second sentence of the first paragraph in Section 3.1.2.2.5
is erroneous information and will be deleted. The allowable stress

criteria for the fuel basket components is properly stated in the

third paragraph of Section 3.1.2.4.2.

(b) As noted in Part (a), this erroneous data will be deleted.

(c) The correct section number should be 11.2.4.7. As noted in Part

(a), the allowable stress criteria for the fuel basket components

is defined in the third paragraph of Section 3.1.2.4.2.

O
,

8
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3.1.2.4.2 Non Confinement Structures
O

U.S. NRC Comment

The specification of yield strength as the allowable stress for
aluminum alloys is in contradiction with section 3.1.2.2.5 which
limits the stresses to 2/3 of yield at the normal operating

temperature. A yield strength limit under accident conditions is

conservative for a ductile failure mode but may not be for a

brittle fracture failure mode.

NAC Response

The allowable stress limit for the aluminum alloy fuel basket

components is correctly stated in Section 3.1.2.4.2 as the

material yield strength determined at operating temperature. As

noted in the response to Comment 3.1.2.2.5, the second sentence of

{} the first paragraph in Section 3.1.2.2.5 is erroneous in

information.

Based on the information presented in the last paragraph in
Section 3.1.2.5.1, the aluminum alloy components of the fuel
basket possess adequate fracture toughness to preclude a brittle
fracture failure mode; thus, the material yield strength is a

conservative allowable stress limit for all loading conditions.

O
9
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3.1.2.5.1 Brittle Tracture

U.S. NRC Comment

The analysis intended to demonstrate the brittle fracture

resistance of bolts is not applicable to bolts. The methods of
NUREG/CR 1815 apply only to plates and only to cases involving
arrest of a moving crack that penetrates the thickness of the
plate. The application to bolting is meaningless since bolt

diameters cannot be equated to plate thicknesses.

NAC Response

NAC agrees that the brittle fracture analysis presented in this

section is not applicable to bolts and so states in the last

paragraph on Page 3.1.2-7 of the TSAR. The analysis is presented

caly to demonstrate that the bolt material possesses a level of

resistance to brittle fracture that is comparable to the other cask

component materials. Current standard practice for engineering

evaluation of bolt materials requires no brittle fracture

evaluation, since bolts are not considered as fracture critical

components because multiple load paths exist and because bolted
systems are designed to be redundant. The TSAR will be revised to

further clarify the intent of the brittle fracture evaluation that

is presented in this section.

O
10
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3.1.2.5.2.1 Cask Body

U.S. NRC Comment

(a) Justification is needed for the stress concentration factor of 3.
Why is this value conservative? Regulatory Guide 7.6 suggests a
value of 4

(b) The evaluation of the number of fatigue cycles to failure is

incomplete and incorrect if NRC Regulatory Guide 7.6 was used. If

the stress concentration factor is unknown then a value of 4 should
be assumed (Paragraph 3d). Also, it must show that Sn (Dh* ##"E"
of primary and secondary stress under normal conditions) is less
than 3 S,before the calculated or assumed peak stress is used to
read the number of cycles to f ailure directly from the fatigue

curve. If S is greater than 3 S, the peak stress must ben
multiplied by the appropriate K, facter defined in Paragraph 4b of
Regulatory Guide 7.6 prior to reading the number of cycles to
failure from the curve.

NAC Respong,g

(a) Regulatory Guide 7.6 suggests the use of a value of 4 for stress

concentration factors "in regions where this factor is unknown".

A stress concentration factor of 4 is a relatively high value that

represents an acute structural discontinuity. The NAC STC has been

carefully designed to include generous radii and/or tapers at
locations of structural discontinuity and to locate holes in regions

of massive material / low stress. The classical stress concentration
factor for screw threads and small holes is S. Therefore, the

assumption of a stress concentration factor of 3 for the NAC-STC is

reasonable and conservative. Rigorous finite element analyses using
the ANSYS computer program nave been performed for the NAC STC;
based on the ANSYS results for the 30-foot end, side, corner, and

oblique drops, the maximum stress concentration factor in the cask

body and lids is 2.0 (holes and bolt threads are not modelled).

11
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(b) As discussed in (a), the stress concentrations in the NAC-STC have9 been minimized to the extent possible by good engineering design
practice and the stress concentration factors are known throughout
the cask; t.hus, a stress concentration f actor of 3 is reasonable and
conservative.

Table 3.4 7 demonstrates that for the bounding Normal Operation
load conditions, Heat and Col, the range of primary plus secondary
stresses is much less than the 0.0 s, stress limit; thus, the use
of a K, factor is not appropriate and the evaluation of the number
of fatigue cycles to failure is complete and correct using the
methods of Regulatory Guide 7.6.

O

O
12
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'3.1.2-5.2.3.1 Inner uid BoltsO .

U.S. NRC Comment
t

'(a) A typical value of the torque coefficient is 0.2, not 0.085.-

Please explain or provide justification-for the low value and the |

E possible~ effects of over estimating the preload.
L

|

|' -(b). The preload, P, and tensile stress, S , calculated in this section-
t

differ slightly from the P and S walues calmlated in 3.4.6.6.1.
t

-(c)- Under an applied load, the bolt load can be slightly greater than

the preload. In addition, the preload cannot be expected to be

precisely applied and controlled. For these reasons, using the
yield stress as the limit for the preload will expose the design co

i the risk of plastica 11y deformed closure bolts. Please review,
.

Lp
p
l
| I NAC Response.

(a) NAC-agrees.that the torque coefficient should.be 0.20 as given in
Shigley, Page 246. ~The TSAR will be revised to' reflect the torque
- coefficient :of 0.20. ' (For standard screw threads, a: torque

. coefficient of 0.20 reflects'a coefficient of friction of 0.15).
L

_

.-(b)'- For-consistency with the revision of Paragraph (a), the coefficient-
! of friction in Section 3.4.6.-6.1 is revised from the value o.' O.06, !

to value of 0.15. -Then for.the 1-1/2 - 8 UNC bolt, the torque
g

-coefficient calculated using the,Roehrich equation is 0.189. The-

slight difference in the calculated values'of.the bolt preload and~

tensile stresses in Sections 3.1.2.5.2.3.1 and 3.4.6.6.1 are due to
the difference in the values of the torque coefficient used 0.20

' versus 0.~189. This difference is insignificant and the specified
bolt torque load for installation exceeds the higher of'the-two

values anyway.

O
13
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(c) The inner lid closure bolt analysis has been reviewed. NAC agrees

. O* that the specified bolt preload may not be precisely applied and
controlled due to various factors. However, the specified

installed bolt torque is calculated to provide a bolt preload that -

exceeds the maximum applied bolt load. The total bolt stress,
applied preload plus differential thermal expansion, is
approximately 76 percent of the bolt material yield strength at
temperature; for the total bolt stress to reach the bolt material
yield strength, the applied bolt torque would have to exceed the
specified bolt torque by 33 percent. This margin is sufficiently

high to preclude yielding of the bolts considering that
standardized procedures are used for lubrication and installation
of the bolts.

O

O
14
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3.1.2.5.2.3.2 Outer Lid BoltsO
U.S. NRC Comme.gt

The preload, P, and tensile stress, S , calculated in this sectiong

differ from the P and S values calculated in 3.4.6.6.2.e

NAC Response

Referring to the NAC Response to Comment 3.1.2.5.2.3.1, the preload
and torque calculatio s for the Outer Lid Bolts are revised

similarly to those for the Inner Lid Bolts. Again, the slight

difference in preload and torque values for the Outer Lid Bolts

between Sections 3.1.2.5.2.3.2 and 3.4.6.6.2 are due to the
variation in the torque coefficients for the two calculations.

Also, note that the specified installed bolt torque and preload

exceed the higher of the two values.

O

15
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3.1.2.6 Impact Limiter Deformation LimitsO
U.S. NRC Comment

Please see comment and questions listed after Section 2.2.5
concerning Tables 2.2-1 and 2.2-2. They also apply for Tables
3.1.2 1 and 3.1.2 2.

NAC Response

Although numbered 3.1.2.6, NAC interprets this comment to
actually apply only to Tables 3.1.2 1 and 3.1.2 2.

The responses to Comment 2.2.5 concerning Tables 2.2 1 and 2.2-2
are applicable to Tables 3.1.2-1 and 3.1.2-2, whict. will be revised

accordingly.

'

O
16
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p 3.3.1 Discussion
U'

U.S. NRC Comment

The aluminum in the construction of the basket was assumed to have
no significant structural requirements. Under normal conditions of
storage with the fuel assemblics in a vertical position, the loads

on the basket are negligible. Under accident conditions, suen as a

cask drop or tipover, the loads were transmitted through the
aluminum tubes uniformly supported along their entire length in
previous decigns. In this design, however, the borated aluminum

tubes are not so supported and in fact must transmit loads to the

ring sections that are spaced six inches on center. Since the load

applied by the fuel assembly is not uniformly distributed over the

tubes, the tubes between supports can experienes considerable
stress and would, in fact, need to fulfill a strectural

requirements. Since such a structural requirement is indicated it

will be necessary to demonstrate the structural capability of the
borated aluminum. This will involve, at least, citing ,s standard
that governs the fabrication of this material and compiling
sufficient data describing its mechanical properties to assure that
the possibility of either brittle or ductile failure under accident

conditions-is extremely remote.

NAC Resnonse

Currently no code, standard, or specification that governs the
fabrication of " borated aluminum alloy" exists. This is the reason

that the Transportation Branch of the U.S. NRC requires that no
credit be taken for the strength of " bore: M 31uminum alloy"
components in a spent fuel transport cask or basket. (Refer too

, comment 11.2.4.7.2 and NAC's response.) However, it is agreed that
|

| a " borated aluminum alloy" does possess some considerable strength.

Based on NAC's specifications for a " borated aluminum alloy" tube,
Eagle-Picher Industries, Inc. undertook a research and development

'

O
,

|
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|

--h program to fabricate such tubes on a production basis using a
D readily available, standard aluminum alloy. Initial efforts with |

" borated" 6061 T6. aluminum alloy were unsatisfactory because-it
required a cold qucnc'i. that distorted the tubes beyond the required
tolerance on straightness or twist. Upon the recommendation'of

.Taber Metals, " borated" 6351-T54 aluminum alloy was used because it !
requires an air-quench or a mist quench and, thus, distortions are

minimal or nonexistent. As shown in the attached letter-report,

strength data was obtained by Eagle-Picher from four press runs |

.1
using metal from seven heats for a production run of." borated" |

6351-T54 aluminum alloy tubes as follows:

Average Average Average

Temperature S S Elongation '

("F)- ksi. ksi (%) )
i

75- 27.8 18.7 15.7
. 300' 21,3 18.0- -17.2

'

350 19.3 15.7 .21.9
400 18.1 17.4 19.0
450 15.0 12.9 '26.6

As shown in' Table 3.3.5 2, the typical mechanical properties ofi
6351-T54' aluminum alloy (unborated)-are:

Temperature S S Elongatio.,
|u- y

(*F) .ksi- :ksi (%)

70 30.0 20.0 10.0 (Minimum)
360 .16.8- 11.4
500 4.8 3;0

Since the strength' properties of " borated" 6351-T54 aluminum alloy
are comparable to those of the standard "unborated"-alloy-and the-

18 |
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('~g elongation of the " borated" alloy significantly exceeds the minimum Nuc
~) requirements of the standard "unborated" alloy, it can be concluded PrcK-

that the possibility of either brittle or ductile failure under

accident conditions of the "bortted" 6351-T54 aluminum alloy is no

greater than for the standard "unborated" alloy.

According to The Metals Handbook, page 62, aluminum alloys are used
for structural components operating at temperatures as lo*: as -

452"F. As the metal tempe:ature decreases, the aluminum alloy
strength increases, while ductility and toughness remain constant

or increase similarly to che strength. Alumiram alloys have no
ductile-to-brittle tranrition with change in temperature according

to Kaufman and Holt (ALCOA Technical Paper No. 18) and The Matals

Handbook. Conssquencly, neither ASTM nor ASME specifications
require low temperature Charpy of Izod tests of aluminum alloys.
The attached unpublished ALCOA report - Four Extrusion Allovs:
6061. 6063. 6351. 6005 by Jack P. Willard, May 1971 - also verified
the toughness characteristics of 6351 aluminum alloy on pages 4, 8,
22 and 23.

,

V
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) elongation of the " borated" alloy significantly exceeds the minimum
(''/(.- requirements of the standard "unborated" alloy, it can be concluded

that the possibility of either brittle or ductile failure under

accident conditions of the " borated" 6351-T54 aluminum alloy is no

Srcater than for the standard "unborated" alloy.

According to The Metals Handbook, page 62, aluminum alloys are used
for structural components operating at temperatures as low as -
452*F. As the metal temperature decreases, the aluminum alloy
strength increases, while ductility and toughness remain constant
or increase similarly to the strength. Aluminum alloys have no
ductile-to-brittle transition with change in temperature according

to Kaufman and Holt (ALCOA Technical Paper No. 18) and The Metals
Handbook. Consequently, neither ASTM nor ASME specifications
require low temperature Charpy of Izod tests of aluminum alloys.
The attached unpublished ALCOA report - Four Extrusion A11ovs:
6061. 6063. 6351. 6005 by Jack P. Willard, May 1971 - also verified
the toughness characteristics of 6351 aluminum alloy on pages 4, 8,
22 and 23.

's
s_J
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Eagle-Picher industries, Inc.
BORON DEPARTMENT

SPECIALTY MATERIALS DIVISION

P.O. Bos 798 Quepew. Oklahoma 74363 FAX 918 6731052 918 673 2201

Septanber 12, 1996

Alan H. Wells Ph.D.
Nuclear Assurance Corporation
6251 Crooked Creek Road
Norcrosa, Gk 30092

Dear Alan

My apologies for the delay on this letter. If I had a good excuse 1 ,

I

would sure use it.

The. extruded altanintse tubes which were made for NAC's storage cask
were developed over several years. Although earlier data is available the

"real" in that it was generated in a manufacturing andeenclosed is more
rather than the laboratory.

1he alloy is a basic 6351 altaninum with an addition of boron. This
boron is chemically bonded with the alutintas and is evenly dispersed
throughout the matrix. This .has been shown not only with photo
micrographs but also with neutron radiographs. The chemistry for the

(, tubes was as follows:g

J Si Mn Fe In Others Al _ |

1.22 1.27 .588 .154 .84 .51 Bal
i

Following extrusion the tubes were press quenched with an air / water mist !

and ogsd 8 hours at 358 degrees F. The result is a T5 heat condition. |
-I

The attached is a summary of strength data obtained from four press runs
using metal from seven heats.

If this is not what you are looking for let me know.

Sincerely,

EhGLE-PICHER INDUSTRIES, INC.
- ialty Materials DivWon

r

Marvin Y. Wachs
-Special Projects Engineer
Boron Department

MYW/en

EAGLEhPKHER

|O
,

\
20

i



. - . - - . .. . _ _ . - -. .- - -

.

November 1990'Nuclear Assurance Corporation
Project No, M 55

O'y.

EAGLE PICHER IND., INC.
TUBE STRENGTH MTA SUtt1ARY

9/12/1990

DATE TEMP DEG F UTS, KSI YIELD KSI % EIDNG. COttfENTS

20 DEC 88 TABER METALS. 6351+1.25%B HOLIDW EXTRUSIONS

B-6 75 32.2 24.5 12.0 RUN #1. BILLET 3423BN
N-6 75 30.7 22.5 14.0 9" X 9" HOLIDW TUBE
M-6 75 31.5 24.1 13.0 MTA BY TABER
B-5 75 31.7 23.9 14.0

11 JAN 89
B-8 75 28.3 15.6 21.0 RUN #2. BILLET 3424BN
B-8 75 32.9 23.4 15.0 AIR / MIST PRESS QUENCH

B-8 75 28.1 21.9 21.0 B-8 MTA BY TABER
B-8 75 25.7 13.8 20.0
B-8' 75 29.2 22.2 14.5 NEXT 5 MTA BY WtfTR
B-8 300 21.3 18.0- 17.2
B-8 350 21.7 19.0 22.7
B-8- 400 18.1 17.4 19.0
B-8' 450 17.1 15.8 20.5
N-9 - 75 26.2 12.8 20.0 NEXT 4 DATA BY TABERO, N-9 75 27.0 15.7 16.0
N-9 75 25.4- 17.8 13.0
N-9 75- 24.1 11.8 18.0

11 APR 89
B-11 75- 28.9 18.4 15.0 RUN #3. BILLET 3425BN

29 APR 89 TABER METAIS.. 6351+1.25%B-10 HOLIDW EXTRUSIONS
Ns15 75 24.0 16.2 15.3 RUN #4. BILLETS 3426 70 3429

(TUBE s) 350 18.5 14.4- 19.0
450 13.6 11.1 30.7 THESE WERE THE ENRICHED TUBES

-~B-16 75 30.3 22.6 12.0 WE HAVE CHElf1STRY. PRESS DATA
| B-18 75 25.3. 15.9 15.0 EVEN CONDUCTIVITY DATA ON

N-19 75 - 24.1 16.2 15.3 THESE 7UBES. FOUR HEATS ARE
350 17.7 13.6 24.0 REPPESENTED HERE.
450 14.2- 11.8 28.7

B-20 75 29.1 20.3 17.0
,

! -N-17. 75 25.3 16.8 14.0
B-13 75 24.6 15.8 15.0

'

-
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Four Extrusion Alloys: @
6061,6063,6351,6005 A'co ^

uay is71

by
-- Jack P. Willard

Aluminum Company of America
Application Engineering Division

] New Kensington, Pennsylvania

O
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FOUR EXTRUSION ALLOYS:'"

6061, 6063, 6351, 6005

INTRODUCTION The following TX510 and TX511 designations
may be used in addition to one of the above to indi-The 6XXX extrusion alloys are generally char-
cate a subsequent stress-relieving operation:

actenred by good extrudability (resulting in low cost),
formability, resistance to corrosion, weldability, and

TX510 Stress-reheved by stretching (1-3%
finishing qualities, combined with medium strength.
Four alloys dommate this picture: 6061.6063,6351,

permanent set), no subsequent
straightening.and 6005. All are alummum-silicon-magnesium com.

positions, but significant differences exist among TX511 Stress-relieved by stretching (1-3%
them. The intent of this Green Letter is to help the permanent set), straightened to com-
designer select the alloy best suited to his needs. ply with standard tolerances.

CHEMICAL COMPOSITIONS TYPICAL PHYSICAL AND
|The composition limits for all four alloys are TENSILE PROPERTIES

shown in Table 1. Table !! gives typical tensile properties, modulus ;
'

of clasticity and physical properties of the four alloys

TEMPER DESIGNATIONS

F As fabricated
MECHANICAL PROPERTIES

0 Annealed Table !!! gives minimum mechanical properties, |

p including tensile, compressive and beanng strengthsh TI Cooled from an elevated tempers.
ture shaping process and naturally and clongation for all four alloys in several tempers

aged to a substantially stable con. and tiucknesses.

dition.

T4 Solution heat treated and naturally FATIGUE PROPERTIES
aged to a substantially stable con- The smooth specimen fatigue properties of the
dition. 6XXX series alloys are summanzed in Figures I and-

' for sheet-flexure and axial-stress loadings, respec-T5 & T5X Cooled from an elevated tempera-
ture shaping process and then arti- tively. In each figure, a band is shown representing

data for all four alloys and a vanety of quenchingficially aged.
procedures. There are not large differences among

T6 & T6X Solution heat treated and then arti- the fatigue properties of these matenals. Certain
ficially aged.' trends appear, however, that might be noted: Data

for relatively low strength alloy 6063 and for 6005
When two digits (e.g. TS2, T69) are used in a generally fall along the low side of the respective

temper designation, they represent variations to the bands. while data for 6351 and 6061 generally fall
thermal treatment in order to achieve a special level along the high side of the respective bands regardless
of properties or a particular charactenstic, such as of the procedures by which the alloys are heat treated
formability, and quenched.

* Wsth thou alloys. Tt' propertus een often be echwsed be en ettemete heet treet method muotsmg ports quenchmt follomd bv
artsficaleeng arceuse of the length of nme that mornod of heet treetment het been common practsce. et es often accepted m
luu of senerete seducson heet treetment by many anpphers and febrwetort

-3-
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FRACTURE CHARACTERISTICS

two alloys,6061 consistently rated higher.

The l'out 6XXX series alloys, as a group, a'e These results are interpreted to indicate that
rather tough compared to many of the higher strength 6351 should be utihted in appheations where the
alloys uwd m entical aerospace appliestions, as shown manmum c mbmauon of strength and toughness.
by the comparisons in Figure 3. These alloys are with the least vanabihty due to quench rate, is re-

' tough enough that hnear clastic fracture mechanics qutred. Alloy 6061 can be used in samtlar design
is of httle value in desenbing fracture condations; situations, but only when control on quench rate n
overstressmg. even in the presence of rather large possible. Where toughness, not strength,is requtred.
flaws, generally results m net section yielding. As a 6063 is adequate. Consideration should be given to
result, merit rating tests such as tear and notch-tensile 6005 in air-quenched tempers where strength, not
tests provide the most meanmgful indices of relative t ughness, is a design entenon.
toughness. See Reference 2.

There are some significant differences, however, STRENGTH OF WELDS

and these are illustrated by the results of tear tests on All of the 6XXX senes alloys are readily weld-
specimens from identical channels of each of the four able with either 4043 or $356 filler. Weldments made
alloys, m which the quench rate following heat treat- with the former are heat-treatable, and thus 4043 is
ment was vaned. The type of quench ranged from a used when relatively high strengths are required and
still air quench from the die to a rapid cold water a thermal treatment af ter welding is feasible. The
quench af ter fumace heat treatment. The results are latter, 5356, is recommended when post-weld heat
illustrated in the bar graph in Figure 4, which shows treatment is not performed, and particularly when
the range of urut propagation energies developed with high toughness (see below) and ductility are important
the different quench procedures. Of the four, lower requirements. It is not generally subjected to post-
strength alloy 6063 consistently developed high unit weld thermal treatment because of possible sensitiza-

propagation energies.regardless of type of quench. Of tion to stress-corrosion cracking.

Og the other three alloys,6351 exhibited significantly
(./ less vanabihty in toughness related to quenching than Significantly higher weld strengths can be ob-

6005 and 6061. The latter two alloys showed much tained by the use of sophisticated weldmg procedures.

wider ranges in toughness dependent upon quench c.g., high-speed automatic weldmg and spectahzed

rate, with the slower air quenches resultmg m appre- cooling techniques. The weld properties listed below

ciably lower toughness than water quenches;of these are minunums, based on the handiwork of average
welders under average conditions.

.

Dht tspetted mtmamum tttnade sad yield Stnngthi of 404s arid s3s6 butt welds in thess alloys an as (ouows.

NMS
As-We6ded Heat-Treeted and Aged As-We6ded

Stronaths. KSt Strenaths. KSI Strengths. KSt

Alicy Tensue Yleid Teneile Yleid Alloy Tenm6e __ Y6eed

6005 6005

6061 24 20' 38 35 6001 24 20

6351 6351

6003 17 11

ymie ma. S n. e.w e =i is a maem

*ths teNe a fee asetases & 1/4.m Sma. le an, sons
> 3/4.es. uusa. une innse e il km.

O .
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V Semce expenence and extensive laboratory tests

TOUGHNESS OF WELDS also have shown that the 6XXX-sents alloys, are
it is important to note that in welded structures vtttu1Dy immune to the problems of stress-corrosion

of 6XXX alloys, the filler alloy has a marked effect cracking and exfoliation corrosion.
on fracture toughness across the welds. Whether post-
weld heat treatment is employed or not,5356 finer Welding the 6XXX-senes alloys by any of the
alloy conststently yields weldments of much higher vanous methods does not adversely affect the rests-
toughness than 4043 finer alloy. tance to corrosion or to stress-corrosion of the parent

metal. This has been demonstrated in exposure tests
The average values and ranges of unit propagation ranging up to eleven years in sea water and twenty

energies for the two filler metals in welds on 6061- years in an mdustnal environment.
T651 test panels in both the as-welded condition and
heat treated and aged after weldmg are as foUows:

FINISHING CHARACTERISTIOS
unit Proongetion The 6XXX-senes alloys are among the best with

Energy, in-thdin.a
regard to finishing charactenstics. Mechanical finishes,

4043 5356 such as scratch-brushing, buffing, gnnding, poltshmg.
subwouent Finer Metal Finer Metal

and others, are readily applicable to these alloys,and
Tin *'

provide highly satisfactory results. Electroplatmg canTrmrnent Anre,e Range Avera9e_ R ange

be applied to all these alloys. Chemical finishes,
No 365 250-445 1080 1054 1110

m ng aa a a et es, bngnt &ps,

Yes 250 80-530 935 930- 940 and chemical conversion coatings, can be applied with
case to 6XXX-senes alloys, and the surfaces thus
obtained are generally uniform in appearance and

ELEVATED TEMPERATURE PROPERTIES er h% opera @ns. He eteem
s e

Tables IV, V, VI, Vil, Vill, and IX show elevated chemical finish, anodizing, is often used with these
temperature properties for all four alloys, meluding *II Y5' S'**'"I'YP'8 I 8" d'* * ***"85 *'' ***'I*DI";

k two different tempers for 6351 and 6063. Natural or impregnated color Alumilite* is used for
both decorative and protective fintshes produced by
conventional techniques,while Alumilite* Hard Coat-

STRESS STRAIN CURVES mgs are especially tluck, dense, hard coatmgs, used for
Figures 5,6,7 and 8 show stress-stram curves the protection of aluminum parts agamst wear, abra-

for each of the four alloys. ston,crosion and corrosion. A higher punty version of
6063 alloy, designated 6463, can be used where the

BUCKLING FORMULA CONSTANTS
optimum m chrome-like appearance is desired foHow-
ing bnght dip and anodize.

Bucklms formula constants are shown as Table X.
See The Alummum Association's " Specifications for Integral-colored anodic coatings, produced by
Aluminum Structures," November 1967, Table 3.3.4b. the Duranodic' 300 Process, are special finishes which

employ organic acid electrolytes to develop colors

CORROSlON RESISTANCE
ranging from bronze to gray to black from the alloy
itself; no dyes are required. In order to obtain the

The 6XXX-senes alloys exhibit excellent rests- best color match with the Duranodic* 300 Process,
tance to atmosphenc corrosion in a wide vanety of Alcoa's special Anoclad' alloys should be employed.
envtronments. This has been demonstrated not only These alloys, pnmanly for architectural applications,
by semce expenence with alloys 6061 and 6063 but are carefuuy controlled with regard to chemical com-
also by long-term field corrosion tests of products of position, fabncating and agmg. The following colors
these alloys in vanous tempers. Data, such as that are available with the specific alloy listed:
shown in Figures 9 and 10, illustrate the "self.
hmitmg" charactenstic of atmosphenc corrosion of coio,, g

these alloys. The 6XXX-senes alloys also have good r mes and Bian Anociac m M 52 (6063 Tm)
resistance to corrotton in sea water, Relatively short Grays ano eien Anociac Tvoe 12-T54 (6351 Typei
time tr*ts of newer alloy 9 6005 and 6351 indicate a

,% , g g g,,,,
high resistance to corrown similar to that of 6061.

b -5-V
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A satisfactccy commercial black finish can be some evidence to indicate that auc:..
achieved in small tots by usmg extrusions of 6061 appreciable effect on the latter inr.

list above. A faster quench rate- alloy. In larger lots, Anociad* alloys should be used
6351, and particularly 6005 appear ,

to guarantee consistent color match throughout.
minimum bend radius which th:reir t.-s

Paint and other organic coatings can be applied formability. A designer who wishn t

to the 6XXX-senes alloys with excellent results. In ability in a 6XXX extrusion a!!oy n ,

order to achieve a tightly adherent coating, preparation an Alcon Sales Engmeer in order t

of the surface by degreasmg and etching is suggested, the temper called out will u.ciu.;. _

followed by a conversion coating or wash pnmer.
For severe service conditions, a zine chromate primer

MACHININGis recommended. Whether for decorative or protective
purposes, painting is a satisfactory method of finishing The 6XXX-series extrusion t.
these alloys of aluminum. of the favorable charactenstics c:

tributed to aluminum alloys m gen;*
Porcelain enamel coatings, too, may be applied ng speeds and feed, low tool w. _

to 6XXX-senes alloys but, as in integral-colored However, the relatively high du;i:.
anodic coatings, a special vanation of a 6XXX alloy alloys tends to cause contmuon .
has been developed especially for this application. It during machining operations rg -
is designated No.1 PEX, and it resembles 6061 alloy. desirable broken chips.which are nr

from the cuttmg area, it is recomn:.
tools used with these alloys be desi;nc

,

FORMING chip breakers or chip control gr.e .

Formability of extruded tubes or shapes in the direct the chip away from the we:1

6XXX-senes alloys is generally considered "e xcellent."
Close tolerance machi,ing ca

Any one of the more widely used methods of bending

Oe
can sometimes be made more dhcan be applied to these alloys. Draw and compression
stresses, which can be caused eith~

bending are normally employed for the smaller tubes
and extruded shapes, while larger items can be formed process itself, or the subsequent !;. -

by ram or press benders. Heavy-walled tube or shapes quenching. Residual stresses are mer:

are best formed on a rull bender. For complex ex- temperature stretchms operation.

truded shapes, or for particularly difficult bends, for this' stress-relieved temper ar. .

stretch forming is most likely to achieve satisfactory TX511, as desenbed on page .' 'i .
temper is recommended when m.

results. chining work is contemplated.

The minimum radius to which a tube or extruded
shape of a particular alloy can successfully be bent
without failure is an indicator of the formability of FUSION WELDING - INERT GAS Ap ;
that alloy. In a recent bend test of a .094" thick, The four 6XXX extrusion alloys a:.

'
6-inch wide extruded strip, a 90 bend made with to be highly weldable and are more wi .
the grain in four different alloy / temper combinations welded structures than any of the out.
resulted in the following minimum bend radu; alloys. When joint strength is not ain :::

weldments in all four alloys ma) N.
g %, g % welded condition. To improve .tomt -

6063-T6 3/8" 6061. 6351, and 6005 can be weld..

6061-T6 1/2" and then subsequently heat treate-

6351-T5 1/2" aged. A slight improvement n: -

6005-T5 3/4" achieved by welding in the T4 con =
a post-weld age. Higher as-welde., . *

'

All four of these alloys were given an air quench brought about by keepmg heat inpu.
in the preparation of the extruded samples. There is to a minimum, particularly m seet: c. .

Iow I/4".
*rwe nanw of Akmmum compen of Amrun

-6-
i,
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Filler matenal is required for satist'actory weld- 6005 can be done with low temperature lead-tm type

mg on these alloys. Alloy 5356 filler is recommended solders usmg Aleoa No. 64 Soldenng Flux. High
where strength and ductihty are required but no temperature Imc type solders may be used with Alcoa

post-weld thermal treatment is performed. If post- No.66A or 67 Soldenng Flux to obtam stronger jomts

weld heat-treatment is employed,4043 filler wire is with improved corrosion performance.

recommended. When salt water corrosion resistance
is a c: . sideration. 4043 filler is desirable because it COMPARISON WITH OTHER
possesses an electncal potential close to that of the EXTRUSION ALLOYS
base material. In situations requinng good color match ,

after anodizing,5356 filler is recommended. R@s

tively low in initial cost. extrusions of these alloys
RESISTANCE WELDING can be formed, joined and finished with a mirumum

The 6XXX-senes extrusion alloys are considered of difficulty or special care, and still mamtam a
to be readily weldable by the resistance method of respectable level of mechamcal properties.
weldmg. Some care must be exercised m machme
settmgs to accomplish satisfactory spot and seam in companson, many other alloys have individual
welds, but the 6XXX-senes alloys are not as prone to advantages over the 6XXX-senes. but exhibit dis-
cracking as some of the high strength 2XXX and advantages as well:
7XXX alloys. Of paramount importance are degreas-
ing and other chemical or mechamcal cleaning to 1. The softer alloys, such as 1100 and 3003. may

obtam consistent quality welds. be easily formed, jomed and finished. Their
relatively low mechanical properties, however,

Resistance welds on the 6XXX-senes alloys be- may result in problems of structuralintegnty

come somewhat more difficult if matenal is in the and resistance to defonnation.
O tannealed) temper. Softer matenals are much more

p susceptible to excessive indentation and electrode 2, ne 2XXX alloys, such as 2014, 2219 and

t pickup. and show wider vanation in weld strength. 2024, have good mechanical properties and
' fracture toughness. Extrusion of these alloys

BRAZING is more difficult than 6XXX alloys, though,
and therefore their initial cost is higher. They

The 6XXX-senes alloys are commonly used in are more difficult to form and they tend to
brazed assembhes. Brazmg of alloys 6061 and 6351

finish poorly. Weldmg of 2014 and 2024, m
can be done at i100* to 1105* F maximum tempera.

particular, requires extreme care and specialture. Alloys 6005 and 6063 are more brazcable by
virtue of their higher solidus temperatures which al. procedures not usually compatible with pro-

duction practice. (The exception to this is
low brazing at higher temperature and more latitude 2219, which welds well to itself but not as
in temperature deviation m production facihties. well to other alloysa Resistance to corrosion

of these alloys is not as good as that of the
The temperatures employed for brazing these 6XXX-senes. Both 2014 and 2024 are sus-

alloys are somewhat higher than those generally used ceptible to stress-corrosion cracking and ex-
for their heat treatment, thus essentially annealing

foliation corrosion under certain circumstancesthe material to a low strength level. In order to where the 6XXX-senes is practically immune.
restore mechamcal properties, the brazmg cycle fol.
Iowed by quenchmg and agmg will nearly duplicate 3.The 5XXX alloys extrude with medium dif-
properties obtained by the regular heat treatment. ficulty, and require stretching or other forms
Care should be taken that the rapid coolmg does not of c Id w rking to achieve higher than an-
distort the finished assemblies. Brazed assemblics nealed mechamcal properties. They weld well,
of these alloys can also be normally heat-treated, and offer high as-welded strength and tough-
quenched and aged, but agam, distortion must be ness. Finishmg charactenstics are good, and
controlled. resistance to corrosion is excellent.

SOLDERING 4. The 7XXX-senes alloys can be separated into
The soldenng of alloys 6061, 6351, 6063, and

m

|
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two groups, those which contain appreciable effect upon the unit propagation energy (UPE)ot an

amounts of copper (e.g., 7075, 7178) und alloy, UPE is one of the most rehable indices nor

those which do not (e.g., 7005,7039). The differentiatmg among alloys / tempers with regard to

Al-Zn-Mg-Cu alloys are difficult to extrude, fracture toughness.

and are therefore expensive. Although they When selecting an alloy / temper combination for
possess very lugh mechanical properties, they a particular design situation, a determmation should
are extremely difficult to weld and do not be made as to the importance of fracture toughness.
form easily. They do not have good corrosion if an assemPy is required to have high resistance to
resistance, and in addition, they can be highly impact loading and " catastrophic" failure, but needs
susceptible to stress-corrosion cracking and on'y nominal static strength,6063 would be a good
exfoliation unless special tempers are em, choice because of its relative insensttivity to quench
ployed. The Al-Zn-Mg alloys extrude fairly On the other hand,if a high static strength isiste.
easily and are not as expensive as their copper- equi ed in a structure ngl expected to expenence
beanng counterparts. They are generally more .rnpact or overloading,6005 m an air quenched tem-
expensive than 6XXX-senes alloys, but they per would be quite satisfactory despite its relatively
can be welded easily, and provide the highest low toughness,
as-welded strength in the aluminum alloy sys-
tem. Their general resistance to corrosion is Before choosing an alloy / temper combination in
similar to that of the 6XXX-senes alloys, but an application where fracture toughnessisimportant,
they can be susceptible to stress-corrosion an Alcoa Sales Engineer should be contacted.
cracking under some conditions. Although all
7XXX-senes alloys can be given a vanety of The 6XXX-senes extrusion alloys can be used in
finishing treatments,the results are not always virtually any application where low cost, corrosion
as uniformly sattsfactory as the 6XXX-senes resistance, fabncability and medium strength are of
alloys. paramount importance, in the transportation in-

dustry,both structural and tnm components of trucks.
[D CONCLUSIONS AND trailers, vans, and railroad and rapid transit cars are

| \j RECOMMENDED APPLICATIONS extrusions of these alloys. Many consumer durable
' '

To summanze, the 6XXX-senes extrusion alloys items, including pleasure and sporting goods as well
covered in this Green Letter are 6061,6063,6351, as tools and household equipment, take advantage of

and 6005. All four extrude easily, thus the initial cost the :iw cost and case of fabrication and finishing
is low. They offer good corrosion resistance and can which are charactenstic of 6XXX alloy extrusions.
be finished by a vanety of mechanical, chemical, and The machinery and equipment industnes are heavy
electrochemical methods. These alloys lend them- users of these extrusion alloys for pipelines, supports,
selves well to production fabncation, including form- towers, heat exchanger tubes, textile equipment and

ing, machining and joining. Good strength can be other applications where low cost, ease of fabrication
achieved, depending upon alloy and temper, as shown and limited maintenance in industnal environments

,

'

in Table lit, are important.

In the area of fracture toughness, careful at- Requests for additional information or design

|
tention should be paid to alloy and temper selection. assistance in the use of the 6XXX-senes extrusion
in particular, the method of quenching from the alloys should be directed to the nearest Alcoa Sales
elevated temperature of extrusion (TS T5X) is im- Office. A list of these offices is provided inside the
portant, as it determines the quench rate, The quench Mck cover of this Green Wter.
rate, as shown carher in Figure 4, can have a dramatic

e

/*N

:
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3.3.5 Aluminum AlloysO
U.S. NRQ_ Comment

What S, values are used for the aluminum basket material? Are they
obtained from the minimum yield strength and ultimate tensile
strength according to the ASME formulas for S,of pressure vessel
materials? Please list the S, values in Tables 3.3.5 1, 3.3.5-2
and 3.3.5-3.

|

NAC Resnonse

As stated in the response to Paragraph (a) of the Comment on
Section 2.2.5, the ASME Boiler and Pressure Vessel Code does not I

define 5, values for aluminum alloys.

The allowable stress value used for the aluminum alloy basket
materials is the minimum material yield strength determined at
operating temperature. Thus, S, values are not listed in Tables
3.3.5 1, 3.3.5 2, and 3.3.5 3. ;

O
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1

3.3.6.1 Chemical Lead |O
U.S. NRC Comments

,

a

(a) In Tables 3.3.6 1 and 3.3,6-2, the listed values of the elastic

modulus of elasticity are only valid for stress 1cvels below 500 to
1000 psi. The modulus of elasticity of load, the slope of the
stress strain curve, at stress levels above 1000 psi has a value

6
much lower than 2 x 10 psi and is closer to the value of 27,750

psi used for the SCANS impact model.

(b) In Table 3.3.6 2, the listed values of 5000 kai for the lead yield

strength are too high. Are the units psi as in Tabic 3.3.6 17
|
|

(c) The yield strengths listen in Table 3.3.6 2 cannot be found in the !

cited references.
|

I
l

NAC Response
|

(a) An extensive study was made on the cask structural assessments
using both the analytical method and experimental
verification. Comparisons of stress results ware prepared

between the completed drop test results and the analytical
solutions using the SCANS program. These comparisons provide
a basis to determine an appropriate value of the lead modulus,
which should be used in the cask structural analysis using the
SCANS program as well as the other finite element programs, |
such as ANSYS. In attached Table 1, stressas are presented at

different locations on the cask outer shell for the 30 foot 1

top end drop condition. The SCANS evaluatiots were carried
out using a dynamic method with a consideration of unbonded i

l'ad and shell interfaces. Two-different lead ooduli, 2,280

ksi and 27.75 ksi, were used in the SCANS A and 5';ANS B

evaluations, respectively. The NAC STC quarter scale
r,odel cask drop test results were used to compare with the '

I
above mentioned SCANS calculations. Strain gauges were placed '

(

i
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,

1

1

_ .__ _ , - - _ _ - . _ , - - -_ .



. - . . . - - - - . - - - - .- . - _ . - _ -. . - _ . . . - -_ _ - . . .

Nuclear Assurance Corporation November 1990
Project No. M 55'

4

J

at nine locations on the exterior surface of the cask outer'

shell. Columns 1 and 2 in Table 1 specify the locations of
,

those strain gages. Strains vero measured in the cask
longitudinal and circumferential directions at those selected
locations during the drop test. The drop test stress results

were then determined from the strain time history diagrams,
which are the-graphic presentations of the test data.

The comparison between the SCANS A and test results show a
very close agreement in the longitudinal and circumferential
stresses, which occur during a 30 foot top end drop condition,
as illustrated in Table 1. The favorable comparison between
the SCANS A evaluation and the experimental results justifies
the use of a lead modulus value of 2,280 ksi in the cask

structural analysis.

The same statement cannot be made for the comparison of the
drop test results and the SCANS B solution, which considers a
lead modulus of 27.75 ksi. As illustrated in Table 1, the

(} SCANS B evaluation significantly over predicts the cask outer
shell stresses, especially, the circumferential (hoop)
stresses resulting from lead slump pressures.

O
51
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Table 1 Summary of 30 Foot Top End Drop Stress Results on the Outer Shell
of the NAC STC (SCANS vs Drop Test)

1Location Stress (ksi)
3Longitudinal Circurnferential SCANS A Test SCANS +B

(inch) (d gree) (51.4g) (57.5g) (51.4g)

236.0 0 Sz 2.70 1.86 2,31
2St 0.35 1.42 4.47

90 Sz 2.70 1.79 2.31
St 0.35 1.49 4.47

180 St 2.70 1.67 2.31
St 0.35 1.56 4.47

96.0 0 Sz 5.00 4.74 -3.00
St 1.28 1.76 18.00

90 S 5.00 4.54 3.00
St 1.28 1,42 18.00

180 Sz 5.00 -3.95 3.00
St 1.28 1.71 18.00

156.96 0 Sr 7.17 8.27 3.33
St 1.88 1.68 26.91

90 Sz -7.17 -5.66 -3.33
St 1.88 1.04 26.91

180 Sz 7.17 -5.88 -3.33
St 1.88 2.01 26.91

Note:

1. Locations where the strain gauges positioned for the NAC STC drop
tests. Longitudinal location measured from the cask bottom;
Circumferential location is around the cask circumference. Note that
a circumferential location of O' orientation is equivalent to a 180*
position in the specification of gauge location.

2. Sz (longitudinal) and St (circumferential) are normal stresses.

3. Lead modulus 2,280 ksi was used in the SCANS A dynamic evaluation.
Lead modulus 27.75 ksi was used in the SCANS B dynamic evaluation.

O
.i2
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(b) In Table 3.3.6 2, the listed value of the lead yield strength
O was mistyped as 5000 ksi. It should be 5000 psi. Table

!

3.3.6 2 will be revised.j

(c) The reference about the lead dynamic yield strength was not
properly cited. The values of the dynamic yield strength for
the chemical lead are determined using the following formula:

(S ) - (S ) x (S ) /(S)
~

7 DYN. Y STA.
_

DYN. (70') 7 STA. (70*),Y

Where

(S ) - dynamic yield strength of chemical lead at a

Y DYN.
selected temperature

(S ) - dynamic yield strength of chemical lead at 70'F
7 DYN. (70')

temperature

- 5000 psi, Deformation Yield Strength from
Shappert, L.R., " Cask Designers Guide"

- 10,000 psi, from Shappert, L.R., " Cask

Designers Guide"

(S ) - static yield strength of chemical lead at a
7 STA,

selected temperature, as documented in Table
3.3.6 1. NAC-STC TSAR.

(S ) - static yield strength cf chemical lead at 70'F
7 STA. (70')

temperature

- 620 psi

Tables 3.3.6 1 and 3.3.6-2 will be revised to incorporate the

values of 620 psi for static yield strength at 70'F and 10,000
psi for deformation yield strength of 70'F.

O
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p 3.3.7 Impact Limiter Materials

U.S. NRC Comments

(a) Please provide further details about the storage impact limiters.
Specifically, information is needed about the manner in which the
force deflection curves were obtained; either by experiment or

theoretical calculations. Where is the 30 percent crush point on

the force deflection curves and are the impact limiters used beyond

that point? Drawings which show the details of the impact limiters
and their particular attachments will be useful.

(b) Why are the redwood force deflection curves included in Section
11.2.4, but not in the impact limiter materials section?

(c) A table is needed which summarizes under which conditions, or drop
cases, the different types of impact limiters are used and the
respective maximumg levels of the cask and contents under those
conditions.

,

(d) In Figures 3.3.7 3 and 3.3.7 4, provide an explanation for the dip

of the force deflection curve beneath the zero-force line,

(e) In Figures 3.3.7-5 and 3.3.7 6, why is the tipover equivalent to a

58 inch side drop? A tipover accident includes rotational effects

which are not present in the side drop'.

NAC Response

(a) The details of the NAC STC storage impact limiters are presented in
Section 3.4.9 of the TSAR. For further information regarding the-

manner in which the force deficction curves for the storage impact

limiters is obtained, please refer to the NAC response to Comment

3.4.9.5. It is assumed that the "30 percent crush point" refers to
l'

the point where the depth of the compressed impact limiter is 30
| percent of the initial depth of the impact limiter (the assumed

O-
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maximum crush depth of aluminum honeycomb); this point is not
\ depicted on any of the force-deflection curves except figure 3.3.7-

4, because the cask is stopped before that point is reached; thus,

the impact limiters are not used beyond that point. In Figure

3.3.7-4 (6.0-Foot Corner Drop with " Nominal 10 percent" crush

strength), the point of assumed maximum crush depth (" stacked
height") is the second to last point plotted. The calculated crush

depths (displacements) for each of the drop accidents analyzed are
tabulated in Table 3.4.9 1 of the TSAR. For the load condition,

6.0 Foot Corner Drop with " Nominal - 10 percent" crush strength
depicted in Figure 3.3.7-4, the initial impact limiter depth is

17.75/cos 24' - 19.43 inches where 17.75 inches is the thickness of
the aluminum honeycomb in the storage bottom impact limiter and 24'
is the corner drop angle. From Table 3.4.9 1 the maximum crush
depth for this load condition is 13.75 inches, or 71 percent of

19.43 inches; thus, only a small region of the aluminum honeycomb
at the extreme bottom corner of the impact limiter is compressed
beyond its assumed " stacked height" (The force-deflection curve in
Figure 3.3.7-4, as calculated by RBCUBED, represents this extreme
corner of aluminum honeycomb material). This condition is

acceptable, since the associated impact force is less than 26
|.

[ percent of the design impact force for the NAC STC. The details of
l

the storage impact limiters and their attachne e are shown in

' drawings 423-538 and 423-539. which are included in ? NAC-STC
TSAR Section 1.5.2.

(b) The storage impact limiters for the NAC STC utilize aluminum
I honeycomb as the energy absorbing material, while the transport

impact limiters utilize redwood and balsa wood as the energy-
;

- absorbing materials. Since the NAC STC TSAR considers only the
loading conditions associated with a spent fuel storage cask, only

the storage impact limiters are included in_the_ TSAR, that is, the ,

aluminum honeycomb in Section 3.3.7. The cask drop analyses
presented in Section 11.2.4 conservatively consider the 30-foot i

drop load conditions that are specified for transport casks. The

force-deflection curves for the redwood / balsa wood transport impact
limiters for the NAC-STC are included in Section 11.2.4'only to

! document these loads applied to the cask for the drop analyses.

55
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p (c) Table 3.4.9 1 summarizes the drop conditions and the associated
impact forces that are applicable to the NAC-STC Cask " storage
configuration", which includes only the aluminum honeycomb impact
limiters that are defined and evaluated in Section 3.4.9. The

redwood / balsa wood impact limiters designed for the " transport
4configuration" of the NAC STC are only included in the TSAR as part

of the very conservative 30 foot drop analyses (described in
Response Paragraph (b)) that verify the structural adequacy of the
cask (Section 11.2.4). The impact limiter types. load conditions,
and impact forces are summarized as follows:

Aluminum Honeycomb impact Limiters (Storage Confinuration)

66 Foot End Drop: F - 10.1 x 10 lbs. (40.4g)
7

6
6 Foot Corner Drop: F7 - 3.52 x 10 lbs. (14.lg)

6Tipover: F7 - 2.94 x 10 lbs. (11.8g)

rm
*
Redwood / Balsa Wood Impact Limiters (Transport Confituration)

*
Included in TSAR for analysis purposes only.

630 Foot End Drop: F7
10.1 x 10 lbs. (40.4g)

630 Foot Corner Drop: F7 - 10.35 x 10 lbs. (41. ' g)4

630-Foot Side Drop: F7 - 13.6 x 10 lbs. (54.3g)

(d) Prior to corner drop impact of the NAC-STC. with its bottom limiter
attached, the only force acting on the cask is equal to its weight
(W). The force on the cask is -W, giving it an acceleration of -1g

(downward acceleration), which is the acceleration of a freely

falling body. Immediately after the initial impact of the limiter,

the contact area between the impact limiter and the unyielding

surface is a very small area, with a correspondingly small force

56
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p- exerted by the unyielding surface on the impact limiter. The net
' force acting on the cask influencing its motion is the sum of all

forces, that 4.s, the vector sum of the mass of the cask (downward
direction) r.nd the force exerted by the unyielding surface on the
limiter (uyward direction). Because the force exerted by the
unyieldirg surface of the impact limiter is small in the early

stages rf the impact, the net force acting on the cask remains in

the downcard t'irection (negative) . The velocity of the cask

continues to increase, until the time when the contact area between

the impact limiter and the unyielding surface is large enough such
that the unyielding surface exerts a force on the cask that is

larger than its own weight. With the net force acting on th- :ask

in the upward direction (positive), the velocity of the cask starts

to decrease until it becomes zero. The energy absorption ignored
by starting the force-deflection curve with zero force instead of -

W is small and is neglected in the RBCUBED analysis.

(c) The height of the center of gravity of the NAC-STC during a tipover

of the cask is maximum when the center of gravity is directly over
O the corner of the cask and minimum when the cask is lying at rest
V on its side. (The cask is assumed lying at rest supported by the

! neutron shield, which has a diameter of 98.2 inches.) The center

of gravity of the package during storage is 97.49 inches from the

bottom of the cask. The radius of the bottom of the cask is 43.35

inches. The maximum height of the center of gravity from the
2

unyielding surface is (97.49 + 43.35 ) 0.5 - 106.7 inches. The

minimum height of the center of gravity from the unyielding surface
is 98.2/2 - 49.1 inches. The maximum change in height of the

center of gravity of the cask is 106.7 49.1 - 57.6 inches
(rounded off to 58 inches). The total change in potential energy'

( of the cask when the center of gravity is lowered by 58 inches
6during tipover is (58)(250000) - 14.5 x 10 ) inch / pounds. This is

|. equal to the kinetic energy of the 250000 pound NAC STC dropped on
its side from the height of 58 inches. The total kinetic energy is

absorbed by only one impact limiter during a tipover the upper
side storage impact limiter located near the top of the cask.

Since the RBCUBED program assumes for a side drop that two
identical impact limiters absorb the total kinetic energy of the

| 57
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,

1

5

cask, a height of 2(58) - 116 inches was used in the RBCUBEDO analysis to obtain the equivalent energy absorption in one impact
limiter.

O.
,

,

O
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(~ 3.4.3.1.3 Trunnion Base
!

U.S. NRC Comments

Please identify in Figure 3.4.3 1 the trunnion base cantilever as

depicted on page 3.4.3-7. Are the parameters, F and F forcesey eg,
or moments (units given in lb in)? Further description of f andp1
f is needed.y

14C Resnorig.g

The component of the lifting trunnion shown in Figure 3.4.3 1

referred to as trunnion base in Section 3.4.3.1.3 is the 10.75 inch

diameter, 2.5-inch thick section welded inside a 2. inch deep cavity

in the outer surface of the cask upper forging. The trunnion base

cantilever length is (10.75 - 6.50)/2 - 2.125 inches.

_ The pararneter, Fty, is the reaction force pr.~ unit length acting on
' the outer perimeter of the 10.75-inch diameter trunnion base. It

is the resetion opposing the force acting on the shaft of the

L trunnion, and is acting in the direction parallel to the
.

lo vi:udinal axis of the cask. The parameter, F is the reactiongg,
force per unit length acting on the outer perimeter of the trunnion

base, it resists the moment on the trunnion (force acting on

midpoint of the- shaf t or the trunnion :imes its distance from the

midplane of the trunnion base). F is acting in the direction
tz

parallel to the longitudinal axis of the shaft of the trunnion.

The pound inch units are typographical error and will be corrected
i

|
to pound / inch.

|- .

The parameter, fp , is the maximum fiber stress in the trunniony

| base plate due to the combined effect of the compressive force,
|- Fty, and the utoment of the shear fo:ce, P defined above. Thet3,

point on the trunnion base plate with the maximum fiber stress is

located at the intersection of the outer surface of the trunnion

base plate and the-perimeter of the trunnion shaft.
O
V
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The parameter, f , is the shear stress throu6h the thickness of theO, y

trunnion base plate due to the shear force, Ftz, defined above.

O

G

4

O
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3.4.4.1 Summary of Pressures and Temperatures(

U.S. NRC Comments

Is the internal pressure of 50 psia an assumed or calculated value?

HAC Response

The internal pressure value of 50 psia is assumed based on previous
design experience for similar casks. The actual calculated
internal pressure is 33.67 psi.' (Section 4.4.4), so the assumed
pressure is conservatively bounding.

i

O.

:
l

l

[.

it

|

|

Ov
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3.4.5.1 Summary of Pressures and Temperatures
-(

U.S. NRC Comments

Is the internal pressure of 12 psia an assumed or a calculated
value?

NAC Response

The interna 1' pressure value of.12 psia is assumed based on
previous design experience for similar casks. The actual
calculated internal pressure is 13,9 psia, so the assumed pressure
is conservatively bonding.

O

.

1

|-

!

'O
|V
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(~ 3.4.6.4 Loading Conditions
(

U.S. NRC Comments

How does the impact limiter response differ between the corner drop

and the side or end dropn. The crush strengths and characteristics

are given in the axial or radial directions. What are their values

in arbitrary impact directions which occur in a corner drop?

NAC Response

The aluminum honeycomb energy-absorbing material in the NAC-STC
storage impact limiters is described in Section 3.3.7 of the TSAR.

The aluminum honeycomb material in the bottom storage impact
limiter is a multidirectional type that has essentially equal crush

strength in the radial (cask side impact) Jirection, the axial

(cask:end impact) direction, and any oblique (between radial and

[ axial) dire d on, including the corner orientation. Tests;

\
- documented in the NAC LWT SAR have verified the oblique direction

crush strength of this aluminum honeycomb. The aluminum honeycomb
material in.the upper side storage impact limiter is a

unidirectional type with.its primary crush strength oriented in the

radial (cask side impact) direction because it is only loaded by a
!

tipover side impact.

NOTE: The following information is provided for information only,
since the transport impact limiters are not a part of the

NAC STC TSAR nor the " storage configuration" of the NAC-STC.

l

l The redwood / balsa wood energy absorbing material in the NAC-STC
transport impact limiters is described in the fellowing Sections of

the NAC STC SAR: 2.3.7, 2.6.7.4, 2.10.6.3, and 2.10.7. Redwood,

which possesses a high crush strength parallel to its grain
direction, comprises the majority of the transport impact limiters

and its grain direct!on is oriented radially (perpendicular to the
longitudinal axis of the cask) throughout. Low crush strength

(
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!

l
1

r balsa wood comprises the remainder of the transport impact limiters ;
,

'

t j
L - a 1,5-inch thick layer with radial grain orientation on the end i

of the impact limiter and an adjoining exterior annular ring with |
its grain direction oriented 24 degrees from the longitudinal axis ]
of the cask. All strength properties of wood vary with its

.

| orthotropic axes in a manner which is approximated by Hankinson's
Formula (Baumeister and Marks, Standard Handbook for Mechanical

| Enrineers, Seventh Edition, Page 6-157). Therefore, the crush

strength of the redwood, balsa wood, and the impact limiter for any

crush direction is:

! PQ
1

| N - ------- - -- |

Psin 0 + Qcos 0 )
|

'

l
where,

N - Crush strength in a loading direction at an angle to the

|- grain direction i

| . |
'

P - Crush strength parallel to the grain direction

Q - Crush strength perpendicular to the grait trection

|
l

L' S - angle between the load direction and the grain direction

o

Tests described in the referenced sections of the NAC-STC SAR have

1 verified the oblique angle crush strengths of the wood.
1'

--

r
(.)y

64

1
|

!

,



. - . _ . - - - _- - -

Nuclear Aspurance Corporation November 1990
Project No, M-55

r-"s. 3.4,6.6.1 Inner Lid Bolts
t

U.S. NRC Comments

(a) relate compression forces to the o ring material specifications and
provide manufacturer specification which lists the design factor,
D , of the o rings.g

(b) Why is F4 estimated while F3 is strictly determined?

(c) A typical value of a friction coefficient is 0.15, not 0.06.

Please explain and provide justification for the low value and the

possible effects of overestimating the preload.

(d) The bolt force during cask operation can be higher than the
preload, sometimes by as much as 10 percent. Was this considered
in the analyses? The preload cannot be precisely applied and
controlled. Due to the uncertainties associated with applying a

''\ specified preload torque, the actual load of the bolt may be(d greater or less than 30 percent of the specified value. Since the
calculated margin of safety is only 0.31'and the stress limit is

the yield stress, the bolts may be overstressed. For these
reasons, using the yield stress as the limit for the preload will
expose the design to the risk of plastica 11y deformed closure
bolts,

'(c) Please address the shear. stress in the bolt. Does this stress

exceed the allowable ASME shear strength?

I
| NAC Response

L (a) The compression force and design factor, D , for the Helicoflexg

metallic o rings were designed based on Fluorocarbon Components
Division (now Helicoflex Company) Bulletin 101C. The TFE o ring in

the inner lid was designed based on Shamban Seals Division Bulletin
SD150-C. 'The design compression force was provided by the Shamban

65
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i

|

p technical staff, :The reinforced TFE o-rings in the outer lid were

designed based on the Fluorocarbon Omniscal Design Handbook. The
pertinent pages of these manufacturer specifications are included
as a part of this' response.

(b) The TSAR will be revised to show the calculation of F4 using a
total compression force of.40 pounds per linear inch as obtained
from page 12 of the Fluorocarbon Omniscal Design Handbook (Pressure
Load of 14 pounds / inch + average spring load of 26 pounds / inch - 40
pounds / inch). The calculated value is F4 - 10,130 pounds,

(c) As discussed in the NAC Response to Comment 3.1.2.5.2.3.1, the
torque calculations in the TSAR will be revised to use a value of

0.15 for the coefficient of friction.

(d) . The inner lid bolt load aring cask operation is a conservatively

calculated maximum value that includes the dynamic loading of the
-weight'of the inner ~11d, outer lid, and cavity contents during a

30-foot drop top. corner sr-top end impact, even though these are
not credible load cases for.a storage cask;_the specified preload
for the inner lid bolts exceeds the maximum calculated operation

L load. It is extremely'unlikely that any storage operation load for

the NAC-STC inner lid bolts.would over approach the specified bolt
.preload. :As discussed in Paragraph:(c) of._the NAC Response'to
Comment 3.1.2.5.2.3.1',- NAC agrees that uncertainties do exist in,

the application of the specified bolt torque;"however,.since the-
|1 total-design stress-(preload i differential thermal ~er.pansion) for

_

E ~ the NAC-STC inner lid boltslis only~76spercent of the material,

L F yield strength at operating temperature and'a 33 percent' increase
in the specified bolt torque would be required to -just reach the
. material yield strength, it is reasonabic to. conclude that plastic- 4

tiB deformation of the inner lid bolts will not' occur,

;:

JO;
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-( , (c) The maximum shear stress of 17,620 psi in the NAC STC inner lid
i bolts occurs for the 30 foot side drop transport accident and

results from the weight of the inner and outer lids multiplied by

the 55g impact loading. This shear stress does not approach the
Level D shear stress limit of the ASME Boiler and Pressure Vessel
Code, Section III, Appendix F, i.e. 0.4S - 66.2 ksi or

0.6S - 67.2 ksi. Since the bolt tensile stress is 83,817 psiy
(based on the revised bolt torque calculations), the combined shear
and tensile stress is evaluated as (83,817/111,400)2 +
(17,620/66,200)2 - 0.832 < 1.0. Since the maximum side impact
loading for the NAC STC for storage is only 11,8g for the tipover
condition, the shear stress in the inner lid bolts is approximately

(17,620)(11.8/55.0) - 3,767 psi for storage operation.

O
v

i

|

|
'
i

b
\)
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O @HElicofiex
' Components Omson

P.O. Son 9889 February 1, 1990
Columois, South Carohna 29290

Teleonone (803) 7831880
FAX (833) 7834279

Dear Valued Customer

This letter is to advise you that the Meen114c 0-Ring product line of
Fluorocarbon Components Division has been acquired by the Helicoflex
Company. Helicoflex is maintaining the business in the same factory
where the Metallic 0-Rings have been designed and manufactured since
1977, and the entire 0-Ring team has been retained. We will continue
to manufacture 0-Rings with the same people, equipment, procedures,
and to the same high standards that were developed and employed by
Fluorocarbon.

Our complete name, address, telephone number and FAI number are as
follows:

Helicoflex Company
.

Components Division
| P.O. Box 9889
'

Columbia SC 29290
[ ,) '

V (803) 783-1880 Telephone
,

| (803) 783-4279 FAI
l

All correspondence concerning Metal 0-Rings should be directed to the
above andress. If you need customer service, or technical ,

information,pleasecontnetKenglorales,RustyGlasscock,orthe
.

undersigned, for help.

| We will be publishing a new catalog in the near future, and will
forward you a copy. Our part numbering system and drawings will not
change. In addition, all customer files will be retained and you may
continue to place orders for the same part numbers as previously.'

Also, in the near future we will be adding complementary metallic
sealing product lines to our South Carolina operation. ,We are
extremely pleased with this broacent.'s of our capabilities and will
be providing you with further details as they become available.

We look forward to working with you in the future. If you have any
questions regarding this merging, please feel free to contact me.

Very truly yours.

Jim Powell-
O Sales Manager, Helicoflex Components
'L)
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United Metaiiic O-Rings'

United Metalhc O-Rings are designed to prevent leakage nngs can be manufactured in sizes ranging up to 25 feet
et gases or liovias unoer adverse sealing conditions (7.6 m) or more in ciameter. or as small as .250 inenes
These static. me'.al-to metal seats can withstand pres. (6.4 mm)00.
sures from high vacuum to 100.000 ps:(6.804 atm) They
can encure continuous temperatures from-425' F. up
to 1.800' F (-269' C to 982 C.L or intermittent tem- Application Characteristics'

peratures up to 3.000* F (1.650' C.) They resist racia-
| tion, chlorices. corrossws, and otner hostile environ- The typical apohcation piaces a Metalhe O Ring in axial

ments. They will not ceteriorata with age. either in use or compression between paraitel faces which are scuare to

in storage. thetluid passage orvesselaxis The sealisusuallylocated
in an open or closed groom in one face it can a so be 10-

Design, Materials, Coatings, Sizes cated in a retainer. wnien ehminates tne need tor macnin-
ing a groom (see desenption of retainers on page 81

United Metalhe O Rings. designated MOR. are mace of Upon compression to a predetermined fixed height.
~ metal tubing (or sohd rod) which is formed into circular the seal tubing buckles shghtly resulting in two contact,

or other snapes and tne twe enets welded togetner T ne O- areas on the seal tace and maximum contact stress be-
Ring metalis stainless steet or otner alloys The O Ring tween the seal and the mating faces. When tne f!ange
Fn be electroplated with r tver, copper indium nickel. faces are closec. the O-Ring is under compression and
,10 lead or otner metais. rst it can De coated with Tefion tenas to sonno back against the fianges. thus exerting a2

The flow of the finish msterial improves the seahng. positive sealing force. If tne O Ring is the selt energizing
especially uncer nign pressure and/or vacuum Since type, tne pressure of the gas or houid on tne vented side
tensile strengtn and resihe ' Ice of tne s0al are determined energ!2es the seal and further increases the sealing forc0
in pa rt by meta! temper Fluoroca roon Components offers Dy pushing the seal against the flange face.
a cholCe of heat treating IC material specifiCa! Ion or tem-
Denng to Customer specif. cations Tubutar or sohd wire

O Types of Metaliic o-sings .
., .

.
.

1.

.

a.
'

:

'

n'ida.ty.png.' shmpu 4: stir r.~m
'

a
'

Plain the same as in the system. Increasing the intemal

(Not Self Energi2ing or Pressure-Filled) pressure increases sealing effectiveness.
Made of metal tubing (or solid rod) in most metals, pressure-Filled
This type is the most economical 0-Ring. It is de- Pressure-filled 0-Rings are designed for a tempera-signed for low to moderate pressure and vacuum ture range of 800' F. to 2,000* F. (425' C. to 1093* C.).conditions. They cannot tolerate pressures as high as the self- g

energi2ing type. The ring is filled with an inert gas at W
Self Energ. ing about eco psi (41 atm). At elevated temperatures. gasiz
The inner periphery of the O-Ring is vented by small pressure increases, offsetting loss of strength in
holes or a slot. The pressure inside the ring becomes tubing and increasing sealing stress.

O2:
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|" Metallic O-Ring Selection Guide
To seect the proper Metallic O-Ring for a particular apple recommended groom dimensions for internal and ex-

cation. it is necessary to determine system oressu re . tem- ternal pressure applications are shown on page 5.

perature. and kind of fluid to be sealed Should you need turtner guidance and our recom-
mencations, suomit the following information regard-
ing your application: 1. Temperature and. pressure

1. O-Ring Type ranges 2 space avaiiable. 3 Matenat 4: Medium to be
Pressure determinesit 0-Ring should be self-energ: zing seated. 5. Available comDression load. 6. Sketch of pro-

posed application
e-a <>am ivu

' " * * *'""* S**""""''""" 7. Coating or Plating
too asiein sun se som setHmsping assirme

Coating or pratng of tne O Ring wik pro /ide adherence
and ductihty(softness) to conform to microscopic groae
' " "98 '"'9*"t*S2.O Ring Material For unotated seats. houid leakage can be estimated ty

Temperature determines basic O-Ring matenal the following expression-

| Tusserstwe 04|ng tisiernal 6

O=5.0 x 10 P
| cragernes e 500* F r2soa ei att staness stes

u I

| mecoat caci Am 600

(O = leakage cc/sec: P= pressure ditterence psi; and u =
r c.i Facery hauid viscosity at operating conditions centpoise.)11 the

resutting catculatedleakageis 10~ to 10 orless, actual
3. O Ring S,ize ieauge may be zero because of surtace tension. It leak-

Tubing diameter is determined by nng OD. compression age occurs it should be proportional to seal diameter, j

|
torce desired, and available space. See complete dista for and in the above expression, multiched by D/2. D= seal :

0-Ring size selection on tages 6 and 7. diameter. Actual leakage will proDably be less than )
predicted, a

For coated or plated seats. hehum-leaktig5t ioints may Wp 4. Seal Load vs. Seal Ring Diameter be made w:th proper O Ring a ng coating or c:: ting selec-gy
Cunes on page 7 show tne sealload vs. seat nng diameter cons.Testresuttsrangetrom10' to10' cc/sec.andlower I'

to wnous tubing outer dulmeters and wall thickness for et one atmosphere citterential. Recommenced coating j

stainless steel tutxng. For tubing made of Alloy 600, or plating matenals are:
multiply loads snown ty 1.1. For Alloy X-750, multiply by
14- temaarson Ptsung er coat =

crwacesoo r ceci tenon ;
* !

5. O-Ring Wall Thickness 7,$,$, s[
The wall thekness should be selected to provide the %, ,,
proper yield under compression. The data on pages 6 and
7 include the practical wall thickness d:mensions that
may be used for each tube diamete r. it plating is used, wall 8. Sealing Surface Finish )

,

l thekness tor seats made with .125 inch (3.2mm) tubing
and smaller should cause yielding of the plating at a load The groove and mating flange face must have a surface j

of 400 lb/in (7,14 kg/mm) For tubing owr .125 inch finisn ot 16 u in. rms (0,4 u mm) tor bare rings.and 32 100 |

(3.2mm) diameter, 800 lb/in (14,28 kg/mm) should be u in. rms (0,8 u-2.54 u mm) for plated or coated nnas.
reouired. Teflon coatings on nngs will yietd at 100 lb/in For gas, vacuum and hght hauid (water), a finisn of 16 ,

( (1.78 kg/mm). p in (0.4 u mm) rms is recorr. mended. For medium bouids
'

:

( hyd rauhc oils) a nd heavy lic uids (ta r or potyme rs) a tinish
|

i of 32 u in. (0.8 u mm) rms is recommended. Machining
6. GROOVE DimenslOnS tool marks on groove or tange face must be concentre.'

The proper dimensions and surface finish of tne groove Seat surfaces should be free of dirt, gnt or other foreign
|

are as important in achieving a seal as the O-Ring itself. matenals.
As a generalgu:de in tne oreparation of pint surfaces, the

4'

|

l
1

1

*O j
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|

9. Other Design Considerations ]
I '. \.

~ . o , w'N/9 '

. .

3 .

T~ ^
-

,

5.These sortacos shall be flat
4Of

.
within .0005 per inch'

) - 5 9 (0.01 mm) of ekeumference.
-' '

i

and. perellel within .002

- [ (0.05) TIR. ,

Recommended Groove Dimension
. .

- .? - ,ff . . g3-i

| h !
. h . s. .i

.

.

s. ,, w --

,

.
.

. . . - . i. Q . ~

-
- gi). .

* - e.= =-; . .-.
**ing ch *

Tf~= ..: . .,: . . . . .(4orgsg. . a ing t .gry %..
- . __ d -. . . . . . pio'exter%m e

*
- q.I r .- .

I Intamal Pressure Extomal Pressure f
_.

'

C F D ""' '"""I' E

+ 4es,,,,,,o,w ,,,,.e,e, e,.e. , ,u,nens,.,e,,,r*m. .a. a== a m - +t eu m e.en , , ,.. ==w .m

031 B + 004/ 0]6 K0/ 022 a003 A- 004/ 006 042 e
06 B + 010/015 050/056 0 076 A -0,10/0.15 1 07 0.05 |i '

063 B + 004/ 02 .042/ 045 0003 A - 004/.036 085 .002
.

1 16 B + 0.10/015 t 07/114 0 076 A -010 'O 15 2.16 0.05

093 8 + (05/ 000 065/ 069 0CD4 A- OCL/ 00E .112 .002

24 8 +0,13/023 165/115 0 102 A-0.13/023 2 80 0 C5

125 B+ @/.012 000/.005 a005 A- 0Cr1/.012 144 .2
32 B +018/0 30 229/241 0 127 A-018/0 30 3 66 0 08

.1!6 B + M014 .11Y.120 00m A- 000/.014 .182 .004

40 B +0.20/0 36 292/305 0 152 A-a30/0.36 4 46 0 10

188 B + 000/ 015 .14Y 150 0@ A- 20/.015 220 JD4'

48 B + 0 21038 368/3 e at78 A-0 23/0.30 1 59 0 10

i 250 B + 011/ 019 19y 200 00m A- 011/.019 290 006

64 B + 0 28/0 48 495/508 0 203 A-Q23/0 48 7.37 0.13i

.375 B + 014/ 023 29Y 300 0 012 A- 014/ 029 445 GB ''

I 95 8 + 0 36/0 74 749/762 0 335 A -0%'O 74 11 3 0.23

! 500 8 + 020/ 038 41Y 425 a016 A- 020/.030 545 013 r

'

12 7 B + 0 51/0 97 10 54/10 8 OO A-0.51/0 97 16 7 OI'

825 B + 020/.038 .520/ 530 0 016 A - 020/.038 780 .017

0 4315 ') B + 0 51/0 97 13 21/13 46 OO A -0 51/0 97 19 8 i

,

Otmenssone in table above are for unDiated pngs increese groove * Sonngback hgures for tune diameeers uo to 250inen16 4 mmiare9 Geoth for .031 inch io.8mmicross section rmgs W 2 times tne osaring for statniess steel Sonnocaca for 375. 500 and 625incn19 5.12.r
Or Coating tnicitness of Diared or c:::2 r?aa and 15.9 mmituoe diameters are for precipitanon heroened Alicy 718

|
oQ not ancrease 9 mom GeDtn on DLated or coated nngs $cf Cross Otner ve6uet for different maternata are evasiaDee.| *

|
sectson of .063 inch ( 1.6mm e sna larget

|
i

.
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O L ited Metallic O-Rings
Diameters up to 300 inches (7620 mm)' g
Tube diameters from .031 to .625 inches

(n n ta 15,o mm) *,
_

0 0$r os
0 508,00 762,00

,

lam. et,er Wa.,l.l. Thickness.- i

.031 .005 .010 .012.j 0,8 0,13 0,25 0,30u

| F .063 .006 .010 .012 .014
-

r . j 1,6 0,15 0,25 0,30 0,36
,

l

{-*.E-
' '

[. N 2 d/k.N,;,.093 .006 .010 .012 .018'

o
- - .

- 2,4; 0,15 0,25* 0,30 0,46
...... s

,
1 ! '

| EQ(n$y:%p6 3,2f
--

if 125
,be O '.006 ".610 (.012 7.020 5 025'

.
.

,'
-

0,15 0,259.,0,30 x 0,51E 0,64_

s,)g i

O.010'~020W02d5bI-.v.i;4,(j 0,25[0,5f2 0,6 MM'

! E E.
j Yy%3;d'.188

-

' ~

?('cO .012' .020F.0323@1_ .,
,

i
'

] k 4,82'' 0,30 0,51] 0,81 2.

M..m;.
>

_

, - 6 *.

,,
. O. [0 0 13

'
, . y _

t r_
,-

J . ['i f .
'

I ?.45 '

,i
'

f.

'

Mrd g ', | . : mas..-' *
t , gyg y .;TN *I

i

f $ .050,W.5 5|d j'i g
i

,
.-

E~~
.

7
'

3!a,1,2T&1165ign;f
<
. _~ ,

! .625'
,

,

[$0%[
*

2063fm[f}{Qg1 m _. m,
'

;. ,
4

'

ut i@'" 5
,

-

10 20 30 40
0 254,00 508,00 762,00 1016,(
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Retainer Assemblies
'

,' ~Metalhe 0-Rings can be used with a metal retainer plate .,
rifor mechancal back-up that serves the same function as
/'

O,c 'wi .ithe machined groom wall in conwntronal installations.
! Retainer assembhes may incorporate several Metalhe O. '

Rings into one all metalle assembly The O-Rings are (.s .' >

'
press-fitted without Cross-section distortfori are secured h,"

.'- assignment or retrofit programs. The retainer plate lur. .

j
' P

against dropout and are easily handled cunng field :-t

h.nishes the O-Ring compression hmit. controts hoop ten- ,,j C
'.

sion of tne O-Ring, simphfies surface finish operation. ~
.

permitsinterchangeabihtyof flanges,andapphestosingic .

or mt,ttiple O-Ring recuirements. A selection of several
standard assembhes is desenbed below:

..

ASA/ API Pipe Flange 1l
-

Seals { " -

{
=;..

7
Metalle O-Rings otter state seat rehabihty and safety for ,

installation or maintenance of piping Over long periods
h|of time.thealkmetalconstructionof Fluorocarbontucular

Metallic O Rings and retainer plates make them less sus-
ceotibie to relaxation of seakng stresses-as compared . f

to partially non-metalhc gaskets.
in addition to their natural resihence charactenstics. g

O Metalhe O Rings provice the stacihty of a metahto-metal
pipe loint seat

The natural sonngback of tnin-wall metal tubing, and

|
unioue self-energizing design feature. create a ba:ance
of inside and outside torces which orment collapse of the

|

|
tube under pressure cycling These same features allow

| Metalhc O Rings to respond to var ahons in seating su.-
face deflections without creep or coid flow. and to accom-
modate high and low temperature cychng. For process ,

: '.p$$p% .
. . .

~

plant piping, they withstand temperatures from cryogenic i ..i-

to 1.800' F. (982* CJ and pressures from vacuum to . d; .,,. . ac' .

e

|
50.000 psi (3402 atm) 4 - ; pp*h:!M

-

. . - ,

To maintair. ;eal rehabihty tubular K.tallic O-Rings re- // / -
i

I cuire less bott stress than sohd, fiber, flat metal, spirat *

/i 7 /wound or lacketed gaskets. Lower sealloads allow a / jgreater bolt and flange sarety factor for a ge.en installation. f //p
- i

,,
,

-
,

i O-Rings and retainer plates are avadaose for .250" to i

24"(6.4 to 609.6 mm) pio;. in all sees of 150 to 2500 psi
em rn n :. ,(10.2 to 170.1 atm) flat or raised tace flanges

%.f:6. q~:j

,.jg,t)N g +;
#

a x xt
ss+

s 2 -

_ _

..

J.~ _.i. .m 1
jL. . .__ ..... . . - . ..

O -

|
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IO i~
L Boss Seals (!L1 |

== 1

United Metallic FIT-O-SEAL for boss joints combines g j,

a stainless steel retainer and a press f|t Metallic . ''
O. Ring. The unit is self. positioning, controls ring
compression, and can be reused. It won't deteriorate
with age and is not affected by environment. Existing )
boss can be easily retrofitted. It can seat fuels and i

ichemicals from high vacuum to 10,000 psi (680 atm) '

or higher, and will endure continuous temperatures ,

of -452' F. (-269* C.) to 1,800* F. (982* C.). Stand.
-

|
L

ard seal assembly available for MS33656 fitting to
:

MS33649 boss. Modifications avail 6 ole.
I

Flange-O-Seal
i&

The Metallic O Ring is semi. fastened into the metal N'
retainer.The assembly is used for sealing jet engine /. . g /
fuellines and exotic missile fuellines from -452' F. N'/
(- 269' C.) to 1,800' F. (982* C.).

It can be used for steel fittings MS20757 thru
MS20762 and MS33786 fitting installation. The follow. g . . ,

,

l ing assemblies are availaole f rom stock: f

N !R,&:r.,::. sh- :hu :&inO q
:=2

*

'g1 - 12 .883 1.156 .210 W ~

21.92 29.36 5.33 I
',

~16 - 16 1 113 1.312 .210
' w *

28.27 33,32 5.33 3& ,

[S$ $sS$ '6 ss [ '.##-' # ~ ' '

.-20 - 20 1 425 1.656 .271

,
p36.2 42.06 6 88 g

_

- 24 - 24 1 613 1 812 .271
' "

40.97 46 02 6 88 - . -

~32 - 32 2.300 2.375 .333 .,

58 42 60.33 8 46

~
- N

. , .

~
B- , , . . r

i'

;.
#

Q 0 ( - ?; '3 ;

.
.

BA l i

'N

e 9 os
s s
D ~ 1L=~

L8ee

O
77
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b
Nuclear Pressure Vessel Seals
The principal application of United Metallic O Rings

ture ratings, hiDh pressure ratings, and larger than

in nuclear power plants is the sealing of reactor pres- average ring diameters (see Page 2 for specifics).
United Metallic O-Rings off er other significant

sure vessel fleads. They are also specified for sealing advantages in nuclear apphcations: they are not not.
applications on valves, steam generators, condens- mally affected by damagmg environments or cor-ers, pumps. piping and other eoutpment components rosives; they don't deteriorate with age, even in
throughout the nuclear flow chari.

United 0-Rings can easily meet the three major re- storage, and they resist radiation and chlorides,

quirements of nuclear applications: high tempera-

0-Ring- Alloy 718-DEFLECTION and SPRiNGBMK-Inches (mm)TAa1.E 1
.375 664. n .038 wall | .500 daa. x .050 wall .625 Gia. n .063 wall

Lead Force (95 0.95) 1 (12.7 a 1.27) (15.9 x 160)

Unrestramed
2500 lb/m l45 kolmmi 4000 iblin r71.5 nG/mmi

/tmearincti 6 2500 ID/m ic avi;i,<ni

Percentage Deflection Mm. Sorm0back Deflection Mm. soringback Defiectron Mm. soringeach

8% .030 (0 766 .009(0 23) 040 11 02) .013 10.33) .050 (1.27) .017(0 43)
,

10 % .037 (0 94) .009 (0.23) .050 (1.27) .013 (0.33) .062 (1 57) .017 (0 43)

12 % .045 (1.14) .009 (0.23) .060 (1 52) .013 (0.33) .075 0.91) .017 (0 43}

- ::%. It % * .000 0.52) .000 (0.23) .000 (2.03) .013 (0.331 .100 (2.54) .017 (0.43)

009 (0 231 | .085(2361 .013 (0.331 .106 (2 69) .017 (0 43)
17% .064 (1.63: ;

=oeumem esmenwen nemmu.e no srs somemse en en enkne men un menos iss. Lua seren en um seremm new tr% onen somenss,an.

Media to be Sealed
Materials and Plating

$
/ Media in the nuclear power plant wn ch United 0-Rngs ADoy 718 is the 0-Ring matenal of choice on most nuclearO

| cansuccessfullysealir ciude ordinary (lignt) water. heavy
sealing soplications. Inconel 706 is also availab6e. Alloyi

718 used in United O Rings is annealed and age hard-
water toiing water, steam. borated water. caroon dioxce,

; hehum, nitrogen, hould metals including sodium, ened, offers op0 mum strength and sonngback. and re-

terchenyt and other onenyt fluids, and acdc including
sists chlordes. radiaton and corrosion. Type 304 stain-I

less steel O-Rings are also offered for applications that are
borcacd less entical and where e less expensiw matenal will suffice.

Both Alloy 718 and Type 304 stainless steel O-Rings are
Flange and Groove DetallS available with silver etating of .004" .006"(0.10 mm - 0,
United Metalhc O Rings do not requite expensim groom 15 mm) thickness. Ring OD can be controtted to .010"
preparation and, being flexible, are easily installed. On (0.25 mm) total tolerance after sher plating. The sAer
pressure essel head seats, a machined grooa is reauir- plating assures good adherence and ductility (sottness)
ed, the groom diameter being determined by the location to conform to groove irregulantes. f6cket plating is
of mssei nngs so that minimum lift-off exists. recommended when seatrng sodium.

The G ling OD must be sufficiency large so that upon
comprf._on, the nng will expand and centactthe groom O Ring Fabrication

- outer wah. This hmits noop tension of the ring and pro.
vides a backup that restnets radial outward movement of

United Metalhc O-Rings are tabncated ty bending straight

the nng whenthe vesselis pressuriz9d. G roow shovd be
metaltubengintocircularorotherdesiredshapes Thetwo

sufficientlywdesothattheO Ring 10doesnotcontactthe
ends are welded together and the weld ground flush.

Wneretheproposedsizeof thefabncated0-Ringwould
insde wall when the nng is compressed. Groom deptn prohibit shipping, the comparty offers on-site weldingcontrols the amount of compression and the amount of
load reauired to seat the nng. Table 1 snows the amount

fauncation that meets the same cuality standards as
fabacation performed in our plant.

of flange load reauired to Seat the seat.
The O Ring and groom dimensionsfor intemaland ex-

temat pressure applications may be determined f rom the
data on page 5.

4

fm'
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O
T ABLE 4Tube and Ring Dimensions

The three most common tube diameters used for
SLOT or HOLE DIMENSIONS m a

h nuclear applications are shown below with the rec-ommended relationship of tube diameter and wall
thickness to the O-Ring diameter. Other tube diam- M Df* i"_

8

eters are also available for nuclear applications. See g ,, g
'

g 1
I n,,,u,, gpages 6 and 7. g s

TABLE 2 9
s

- ,;
i .. , ..n....... .....w

*S n.co)
.375 .03a up to 10

95 1.0 Up to 4572

N N NioYs04
.s25 .063 220 ano no E .375 (9,5) .500027) .s25 05.m

15.9 1.6 5580 ana up W .038 0 .0) .050 0.3) .063 0.8)

s 2:10.1) 375 f9 5) 43a n u)
TABLE 3

T .125 0.7) .205 (5 2) .256 (6 5)
0-RING DIAMETER I.e.se see, No. $lets er Males .

D .070 0 81 M3 0 4) .12502)
8Up to 144 0657.6)

144 (3657.6) and 90 12

. . . . . . . .

/

STYLE A STYLE B STYLE C

4RM |m@bN
f

km XMf f*%m g '4V/T@ k>h-

i,
'

7[ . W
AV w% gdii'A%\;x'N k'N

w WjN

Retainer Clips
On nuclear pressure vessel heads, the rings are in- or holes and their size varies in relation to the ring

and tube diameters (see Tables 3 and 4). The datastalled to the underside of the flange on the head,
shown assures installation without excessive 0-RingThis requires clips to hold the rings in proper place

and alignment dunng assembly of the head to the buckling in the groove and without endangenng 0-
vessel. Slots are provided in the 0 Ring to receive Ring strength. Different clipping methods are svail.

able, depending on vessel design, for both single andthe retainer clips. In bome instances the retainer
clips are welded to the 0-Ring, instead of slots for double ring applications (see drawings above-styles_

A, B and C).

$ retainer clips, drilled holes with additional self ener.gtzing holes can be provided. The number of slots

O ,

79
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O How to Specify O-Rings
Denotes Tubing OD WallThickneas

Metallic O-Ring (Thirty Seconds) , (Thousandths)

i i

EEBE-Es2s se a
l i J l

' Type
SE-Self-energtzed

Materials onlD
1- Ahor718 7-Stam6ess Metallic O Ring CD

PF-Pressure tlhed
2 Staintens Steel 304 (Inches)(Thousandths) NP-Not self-

Steel 321 B-Stainiess energized, not
3- Aluminum Steet 316 pressure fl!!ed
4-Copper 9 Stamless ( S0-Self energized
5- Alloy 600 Steet 347 on OD
6- Allor Fr750 X- AsSpecified SX-Self-energtud

as spec.

Example:
*" SoneU2312-03625 SEA 3_Snver .001/.002 (0.03/0.0 ) -

The above examp6e, U2312-03625 SEA. Indicates B-Silver .002/.003 (0.05/0.08) P-Lead .001/.002 (0.03/0.05)

a type 321 stamiess steel o Amo. N' (2.38 mm) D-Teflon .001/.003 (0.03/0.08) R-indium .001/.002 (0.03/0.05)
tune airs, .012 (0.30 mm) well inickness. 3.s25' E-Teflon .003/.004(0,08/0.10) T-Nickel .001p002 (0.03/0.05)

E)'s'i rcNi
L-Copper .001/.002(0,03/0.05) V-Gotd .00nN1 (0.02/0.03)' "' ed 00) ams .001. 007I *}

X-As Specified/0

United Metallic C Rings.m
* ' '. United Metallic C-Rings (designated MCR) are designed for''

-

.. static sealing on machinery or equipment and are available~

.

-
for internal pressure, external pressure, or axial pressure
ID/OD applications. Because C-Rings are designed with

.[, an open side on the pressure side of the installation, the,

seal is self-energizing. United C-Rings are off ered in round
or irregular shapes in a broad range of sizes from .126*

.- - (3.2 mm) OD x .032' (0.81 mm) free height to over 300"(7620
-

. ,

-' . mm) OD x 2" (50,80 mm) f ree height. They are available in a
wide variety of metal alloys and metallic of Teflon coatings.
Sealing application temperature range is from cryogenic'., O ,. to 3,000* F. (1650' C.); pressure tolerances are from 10-4s

. torr to 100.000 psi (6.804 atm). Where customer require-
-. . ments are large, the C-Ring provides the lowest unit price

,
J .

of any high performance seal on the market. Request Bul-
t

4

s - .
letin102C.-

,D PLUOROCARBON'

W" COMPONENTS OlVISION 4Post Office Box 9889/ Columbia, South Carolina 29290

Phone:803/783-1880 Telex:57-3334

* Copyright. Fluorocarbon Components Division 198212 Bulletm 101C 5.OM 8/82
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O etng Stae Onches) g
h AM2278 Nominal

P/N ASSSSA AN8230s
3j1732 . Daen No. Port No. LD. W. t L.D. O.D. W.

313 -313 .662 .005 .210 ,005 I% 1% b
314 314 .725 .005 210 .005 h 1% b.... .. .

'315 315 ,787 .006 .210 .005 8b 1b b.. .

. ,.

316 316 .850 .006 .210 .005 % 1% b

317 317 .912 .006 .210 .005 lb 1b b.... .

.. ... .. ,

318 318 .975 .006 .210 .005 1 1% b
319 -319 1.037 .006 .210 .005 1% 1% -%.. .......

320 320 1.100 .006 .210 .005 1% 1% b. .. ......

321 -321 1.162 .006 .210 005 1b 1% b. . .. .

322 322 1.225 .006 .210 .005 1% 1% b.... .

.... .....

i 1.287 .006 .210 .005 1% 18b b
323 323

324 -324 1.350 .006 .210 .005 1% 1% %. ....

..... .....

325 325 AN62278-28 1.475 .010 .210 .005 1% 1% b

326 326- AN62278-29 1.600 .010 .210 - .005 1% 2 b
327 - 327 AN6227B-30 1.725 .010 .210 .005 1% 2% b

j
~ AN6227B-31 1.850 .010 .210 005 1% 2% %

i 328 328

329 329 AN6227B-32 1.975 010 210 .005 2 2% %

330 330 AN62278-33 . 2.100 .010 .210 .005 2% 2% b,
'

331 331 AN62278-34 2.225 .010 .210 .005 2% -2% b
/ 332 332 AN62278 35 2.350 .010 .210 .005 2% 2% b

(: 333- 333 AN6227B-36 2.475 010 .210 .005 2% 2% b
334 334 AN6227B 37 2.600 .010 .210 .005 2% 3 bt

'

335 335 AN6227B-38 2.725 .015 .210 .005 2% 3% b
336 336 AN6227B 39 2.850 .015 .210 .005 2% 3 %- b
337 337 AN6227B40 2.975 .015 .210 .005 3 3% b

338 338 AN62278-41. 3.100 .015 .210 .005 .3 % 3 %. .b
339 339 AN62278-42 3.225 .015 .210 .005 3% 3% b
340- 340 AN62278-43 . 3.350 .015 .210 .005 3 %.- 3 % b
341 341 AN6227B 44 3 475 .015 .210 .005 3% 3 %- %

342 342 AN62270-45 3 600 .015 .210 .005 3 % . 4' b

' 343 343 AN6227B 46 3 725 .015 .210 .005 3% 4% bi.

344 344 AN62278 47 3.850 .015 .210 .005 3% 4% 'b

345 345 AN6227B48 3 975 .015 .210 .005 4 4% b

|: 346 346 AN6227B-49 4.100 015 .210 .005 4% 4% b
'

347 347. AN62278 50 ' 4 225 .015 .210 .005 4% 4% b
''

348 348 AN62278-51 - 4 350 015 210 .005 'd 4. t 4 % b

349 349 AN6227B-52 4 475 .015 . 210 .005 4% 4% b'

350 350 4 600' ,015 .210 .005 4% $1 b

|. 351 351 4 725 .015 210 .005 4% 5% b... . ..

L 352 352 '4850 .015 .210 .005 4% 5% b. . . . . .

. ....

353 -353 4 975 .015 .210- .005 . 5 5% b

354 354 ' 5.100 ,023 .210 .005 E% 5% b |... . ..

355 355 5.225 .023 .210 .005 5% 5% b.. ...

356 -356 5.350 .023 .210 .005 5% 5% %... .. ....

357 357 5.475 .023 .210 .005 5% 5% .b.. ..

.. . ..

~
'6
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How Omniseals Work
i

i< .

.s w _ .. .

: -

D
__. N

[

i

|
- . . . _

{ The Omnisaalis a sonng actuated. pressure assisted alt chemeals except molten alkah metals. fluonne gas at high

j seahng devce consisting of a Tetion tor otner polymerj genet temperatures and chronne influonde (CIF ).3
or cover partially encapsulating a corrosion resistant metal Omnisaats are available witn a vanety of sonno energizers.
sonng energizer. each having charactenstics to meet specific requirements.

When the Omnisaal is seated in the gland the sonno is Sonng loading can be tailored to meet entcal low trcton
under compression toretag the lacket lips against the gland requirements in dyname applicatons. or extremely hgh
walls theteby Creating a leak.tqht seal. The sonng provices loading often required for cryogens sealing. Sonngs are
permanent resilience to the seallacnet and compensates for tabncated from corrosion resistant metaa such as 300 Senes
packet wear and hardware misaignment or eccentricity. System and 17 7 PH stainless steens. Hasteltoy. Inconel and Cobalt
pressure also assists in enerDi2ing the seal packet. Sonng Ncket alloys. Omnisaals with elastomer O-Rings used as
loading assisted by system pressure provides effective seahng energizers (nitnie. silcone. Vitona etc.) are also availabie by
at both low and high pressures. contacting the factory

Omniseallauets are precison machined from Taflon The geometry of the Omniscalinstalled in the gland
(PTFE), fii6ed Tefion composites and ciner hgh performance provides positive resistance to torsional or spiral lailures.
potymers. Omnisaats of Tefion are servicoatm at temperatures Omnissais twitn metal sonngs) have unlimrted shelf life and
ranging from cryogene to 650* F. and are resistant to virtuany are not subject to age controis normally irnposed on

elastomene seals.
.vn.. w . . w c

Omniseal Spring Designs

Spring Ring 11 Omniseal 400A Omnisest 103A
- _ - - - .a- . . . - .-.,

|
!

Omnteeel RP 11 [ Omn6eeel1100A

i

<
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Seal Selection Guide

1

The Omnessel Desgn Handbook is orgammed to aliow you to Whether or not the soluton is a staMard or specisa Omni-
cactJy and accurately cetermir.e whch Omnise al to use in your seat we welcomo your call to 6et us assist you with the seec.
appicaton. or to cetermer W vou recuire a custom sealing ton. Take a moment to tdl out the Appicaton Data Form on
soluton from our Engmeoang Department tt a impo tant to page 16 and then call us at:

1 800 544 0080toiiow ine steps beow wnch wiu heip you cor oer tne appro.
priate sesi ongn. see anc matenas

selectir.g Standard Omnises s

Famdianze yoursWf with the Ommseal part numbenng syttom snown on Page 17 and note the
STEP d,nerence betw.en mditary and .nousinai gwes.

1 Darmine we im und>* or fue sau and cagn Isate or ornamc> trom ine seal Funcion
And Moton secton on Page 10 and 11.

.

Determme the optimum seal contguration You have now ceiennenec the des gn of the seal to une in
based on the followmg your applicaton This seiecton will ootermine the first
A Desgn vanatons for radial seals on eiement of the seal part nurr,ber.

STEP
pagn 17 inrougn Pumdury or indusinan
and face seats en Pages 30 and 31.

e Temperature < Pressure'Estruson Gap XXX XXX XXXX
2 Page 13

C. Frctional Conseerations Page 12 |
0. Haroware Design Consceratons Page 22 Basic Seal Design

23. 28 and 31

- . . . . . . --. - - . - . . . - - . . - ....

p -

seieci a sai see from in. enans on pages 24 The seiecion of ine seei sao easn euriner wiii oei.rmme

! through 27 for a radial seat or pages 32 the secoria component of the seal part number,

w STEP inrougn 35 to, a iue saut tne onired see
ooes not appear on the charts. call our Tech- jg , qy , gg

3 neat S*'vca D'oartm'nt 'or ***istaaca-
Cauron Do not mtermis medary and mdustnal | Seal bGe Dash Number

. gland dimensions snown on Page 24 through
27.

_ _ . . _ _._ . _ . . . . _ .

seeet a um iactoi maienal from Page 14 The seallacket matenal seiecton wdl determine the third
based on the followmg component of the seal pan number

STEP A Fretion espe 52.
e Temp.rature Capabddin rage t3 and is.

4 C. Pressure Capatuidies Page it XXX XXX T'XX
D. Media Competedity Page 14 T

- Seal Jacket Material

. - . . , . - . . - - . - -.. ..

seet a sui energaer maions trom ine XXX XXX-XXXX
informaton on Page t5 This wdl ootermine the -

| STEP tounn and tme commnent ei ine um pan
""*D'' -Seal Spring Matenal

Note: For aCdttlanal Part Number information see Page 17.

Spec 6sl Stres Custom Des 4tne
| in additon to the stanca d sees sisted m ins catalog, saes FluorocarDon specialaes m custom engineered oenigns to

|
en between those shown, iarper saes and instrc saes are amo meet specite aspicatons. If your appucaton is of a partcularty
avadabes. Sece Cmintseals are machmed remer than moced crtical nature not covered en this catacg. we invite you to sono

, a ro spooal tooling charges are envotved ' coucing compaete estads for review and recommendations 9y our
I restandare saas. Engineenng Depa tment.

88
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'Seal Function And Motim
. .

Static Sealt & Dynarme 64. . An sootuunai factor to be consoered is electing An Ommseal Design
tre two banc fnes of seah.g the orentaton of tre **alin the hero fre Macnenecat Seal Dwison of the

oevees are STATIC SEALS and DY- were Seals mat een amoressed m a Euorocamon Company manufactures
NAuC SE ALS. In stanc soakng there is raciai Ovecton are cahed RADIAL 3esis are marsets a varety of bass styles of
essentiatiy to reistive rnoton tetween the again using rod and piston seats as sonng energtzed Teton for other p:astest
seal and the hardware fremters An enamnies. Radei Seats are usuchy seals Seversi of trese congns can te
esempie would to the semi clamped dyname althougn may occasionally to used mterChangeably m the same piand
totween tiotted fianges state Further. tr re are overtao and gray arease

en dyname seahng there is relative Seats that are compressed in a where seversi dihetent pengns may te
moton totween the two sealing sur- dvecton parahel to the sais are cahed caed in the same appleaton.
faces. A tyocal exampie would to the rod FACE Seals the tenge gasket teing a The recommencatons troow are
and pston seals m a hydraulic cylinoer. typcal example. Face Seals are usually. intenced as a general guide and should

There are two Ovectons of moton in tivt not etwers, state. to used togetner wtth the tabies and
dynamc seating. recorocating or hnear Exampies of these tesc seal tytes are charts that war on the tokowing pages
moton. and rotary Oncluding oscihating) shown ketow and on Page 11. Typcat Should you teouire additonal assistance.
moton Occasonahy there may be a installatons are aiso shown on Page 37. we mvile you l' #itact our Techncal l
combinaton of both Servce Depar ent

{

/ ! are..or. %i

J ~. - i
-

, -

_ P'*esure . . Vacuum _-

T T T T"'

v b O
^ 'p -

V ino6de Fece Seal I Outside Face Sea! I
- - ... ..

Face Seals in Static Service Face Seals in Rotary Motion

8 '_the first cho2FTor most static face seat
Omn$eal 103A. Page 30. s generahy The Omn$eal a00A, Page 30 is rec.

ommenosd for rotary face seal appica-
aDphcahons This seres has mooerate to tions at slow to moderate rotary speeds
rugn ivau zonng, and is capable of Low spring loading deeps inction to a
seahng o'fectwely over a woe tempers. minimum. For ultra low treton or hipn
ture and pressure range surface speeds it is suggested that the
Decause elits very hgn sonng loading, factory be cont 6cted for gucance

Omniseat a00A the Omnisaal 1100A. Page 31, is in osciliatory or slow, etterrnment rotary
partcularly recommenced for entreme apphcations. where high rotational
semung conditons, cryogenic tempera. torques are available. the Omnisent
tures ultra high vacuum and positive 1100A. Page 3 t. is recommenced. Such
seahng of hehum ano other thin pases appications inctuos swives and loading

The Omnseal a00A, Page 30. may arm pivot soints. Because et its escop-
amo be used as a staic lace seal when tonaliy hrgh sonng scad. the Omniseal
very hgnt sonng loading m essentral 1100A is amo an samhent choce wnen
However, seanno atnlity may not be as maximum sostatulity a mandatory m thin
e'iective unoer outreme conditons as can louids and gases, and sealing at

Omniseel 103A be cotained with ertner the Omnisoal cr/openic temperatures
103A or the 1100A due to the reiatively
hght spong load Optonal sonngs are

, avadabie from the factory
!

6
:

;,

!
'

OmrweeslU D0A i
n
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Piston Seal Rod Seal

, , , _ - _ > - . . , _ - .. - - - - . - . _ , ni

Radial Seals t 3 Static Service Radial Seals in Rotary Motion
White most of the Omnseal desgns All of the Omnseal designs can be

can be used as state racial seats. the used m slow to mooerate speed rotary or
Omnseal 103A. Page 20. is generally oscehatory apphcatens at low pressure.
recommenced for ths service. Its in rota*y shaft appications the flanged
modersie to high sonng load provces cesgn s recommenood The flange is
positive seating under most state senhng clamped in the hardware to prevent the
condinons seal from tuming with the shaft. The can *

sometimes occur with the stanca1 Sprmg Ring Il
Radial Seals in Reciprocating designs due to thermal and other ettects -

Motion The fiange peovces positwo reienton of
Reciprocatog radial seats are the most the sect m the gland i

'common Omnseal appleatens. For rod The fianged Omnseal a00A. Page 1g.
and piston seating and similar and Sonng Ring 11. Page t 6. are !
apphcatens the Omntssat 400A, Page recommended for most rotarytoscillatory ;
19. s recommended for generet purpose apphcatons. The hght sonng load i

(O. seshng at low to moderate pressures mmimizes incton. and at pressure under
This seres has a low load, high detisc- 20 PSI permits surface speeds m the

'

ten sonng which provides low trcton range of 200 300 ft' min. At hgher pres-
seahng and compensates for minor sures the surface speed must be reduced _ Omniseel400A |
hardware eccentrcsty or misaignment. to protong seal wear hte. The resthent U-

For morta severe dyname conditons shaped sonng allows for menor thatt run-
the Omnseal 103A. Page 20 is out or msaignment. p

recommenood The hgher sonng load For veg slow tur' der 50 ft' min.) and
provides positrve seahng but with some mtermette ;t rotary / oscillatory moton at j
increase in seat trcton. Partcularty hgher pressures. the flanged Omnisaal ;
suitable for medium to hgh pressure 103A. Page 20. and Omnseal RP 11
servce. Excellent rod seal for positwo Page 21. are recommenced The
s.4ang. Omnseal RP if has a very resilient sonng i

The Omnisoal RP ll, page 21. s a very that can tolerate shat; run-out and I
rugged desgn for severe operahng msalgnment. Omnional p3A

, .,

coretons. This seal utibzes a uncue For appkcatons reouinng ultra-low
wraps.ed and formed stain 6ess steel inction. hgh pressures of hgh surf ace
ntmon sonry whch a hghly resihant with speeds we suggest that you consult with ;
wee oehecten capatnhtes. tis almost our Tecnncat Servce Department for

imoestructible sonng and rugged pcket recommendatens
desgn maxe the Omnissal RP 11 an g

. excellent choce for heavy duty seahng ;
I appicatons and lorg wear hte Fluorocarbon s Components D.vsen. m
i The Sonng Ring 11. Page tB. s an Columbia. South Carolina. desgns and

teconomical altomatwo to ine Omnsesi manuf actures a compiele kne of rotary hp Omnieeal RP H
400A tot hgh producton appicatens seats for h'gh speed and'or hgh ,. _ , _,.

requiting low cost, small size seals. It a pressure rotary apphcatens, see Page 43
manufactureo by automated methods and ,

*
s ottered only m a kmited number of
sizes ( 1251.D. to .875 L.D.). Desgn and
sodhng charactenstcs are simnar to the '

Omnseal 400A.

' 400A With Flenge

i )

\'
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Friction And Rotary Motion

'd'
Friction ''

FrCtCn. a fnessurement of the rests. It ts CINicWR to predct how the running
-

i,,, J

'

i i j iis,ce io song be, ween a sea, e,o a,0 b, sam i,cien vaees we dee, ,

narowa.e sunaces a d.reniv ,Disied io witnout iestm unoer acia emiing , , ,

seat m9ternal CoeffeCient of trcton arid conditions Iri many cases Ibese otitor. j
-

'

g,

the tolat loac Some other factors aNect- ences are insgnitcant.
} [ go | | j { [[l jj,7

w . .

|ing tricton are tubrication temperature Fluoroca' bon manufactures a varety

arid herowere surface finishes An of sorings with lowef or hgher loacs 75 60
-

approstmate frcten value for non- than shown below. Also speClaf springs ,j 0 || | p ik'

4
,

j7tubrcated conditons can be calculated can be oevecped when required
"I j; '1

using the Charts erwi formulas on this Contact our Techncal Soryce
#

page. Lubreaton provioed by the Department for assistance witn applica- g^
M !media may produce lower inction tions where tuction is entical. c

resuits e m o m m ,m

'

F e totalload * pounds per inch of circumference
The totalload of an Omnisoal can be(pressure load + spring load)

calculated by modiig the pressure load
D e diameter of dyneme surface founc tn the above chart to the average
Rs (radius) spring load shown below

p a ensternal coeffic6ent of frict6on

Linear Frletton (pounds) s F : D n a p
Frtctional Torque (anch . pounds) s F D a a p a R

i

Sorag Ring || ,* r' 6l
Omnseni 400A m%r al

.a .o _daj
\ Omrvsesi RP tt HEr _ -

Omnseal 103A 1 r_ . . . . _ al-sop

Omnsent 1100A . -W % W.L , T Al'

I i i l i I I i i 1

5 to 15 20 25 30 35 40 45 50

Average Spong Load Pounds Per inch Of Seal Circumterence

300| Rotary Motion
Consult Factory Use the actscent chart to cualityL

| | |
Omnseats for continuous rotary
appicatens.

250
I Fluorocarbon Components

$ Dnnsion in Columtxa. Soutn'

Carohna. Desgns and manu.a
200 tactures a complete kne of= u

g '{ rotary ho seats for hgh speed-
~

ancor hon pressure rotary jO
| !

150
. appicatons See Page 43 1

a> lt a recommenood that all
N continuous rotary SSE

| 2pphcations be reviewed by | |}t \,|100 j Fiuorocarbon beto,e narowa,e
c6 \ desgn a hnattred. |

400A With Flange{ j j j
' 50 'Ni I | | | | The flanged seal oesgn allows

| | j j i i7 .nirapmeni oi ine seai by ine nardware
|g io n,-eni ssai rotaion 500 page si ior

0 100 200 300 400 500 600 700 800 sea: oesgn recommencatens.

Pressure PSI
s

.

i
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2 4 Temperature Pressure Extrusion Gap

1Assimum Recommended Ertrusion Gap When senhng hgh pressures and/or
hgh temperatures, the amount of the

A '|
(Omnional 103A shown Mamnal

B C "wson gap benind tne semi bowmnfor tilustrstion onty) ($n Page 14)
. entcal This ortrusion gap is the

3 ciearance between the heroware

C Untillec 004 003 002 members. Naroware oesgns without
beenng or cemenng oevces must
consioer the diametral clearance as the

Filled ,006 004 003 maximum outrusen gap At hegn pres.O"
sures ano'or hgh temperatures an

Untiled I .006 404 003 excessive clearance can show the seal
| Jacket to be ertruoed into the gap

g%_ causing promature seal tailure.
Filled .008 006 004 The outrusen gap should ce held toio* the minimum practcal, and should not
p,n exceed the values shown on the tabioD 000 00 6 004 at the 6ett increasing the heel theknessbac

of the seat improves resistance to
Fluorosoy 55 |010I006 006 Y ''W' ** ^'*0 " '' WS*" 9"D C'"om Backup I w be bnoged by the use of a separate

back up nng arrangement

I.006 Generaily. the baca up ring shovid be
Fd*d

f.010 008E Back up am ' c,f a haroer material thac the seat mate.
Fluoro 6oy 55 ^014 '010 '008 Alt'

" * ' 9" "*# #' *
high modulus plastic,"such as Fluorcioyc. m Bach Up - . . ,

55. is recommended. En matenats
bee asen up Mines. Pope 21 shown on Page 14 Additenal back up

nng ootaiis are shown on Page 21
Temperature Vs. Pressure And Seal Design

10.000
Ertrusion one,

f (p \ Consult Factory C %

8000
N b5 $7 'ft Y ' ' ' * * " *

'

t

c~ ''"T
~ \

CLE $ i
-

' RN
h.6000

\ ~

~. orow Nq- w o y

ClNgt.. ~\ coid temperatures bee. 40 F wai
T : veger"c Seating

-

tt 4000 , ,
. cause Tet:on and other Fluorocarbon% % seahng matenats to shnnk and harden

These auditonal forces may compro-m

B N
,

M m*e the sonng end and incionai enar.
2000 acteristics of the Omnaeal.

% % Althnugh tace seals ate et il attected%* %m than radial seeis. we recommend you
% \l Consult our Tec,hnical SefviceA yg ne ortmentog o,ese,ect,ng en

200 0 200 400 600 Omniseal for any cryogenic aphcaten

Temperature CF
200 0 200 400 600 Seal Oesign vs. Temperature

i , i , ingene,atsoa, . ei,na,ees,s
Spang R'ng Il M become somewhat haroer at cold

temperatures and tend to soften to
Omniseal 400A M some extent at high temperatures (see

I M '"*Je"s'P1,'e p,'nt 'n'e'L'e*,";T'"''
' ""of""aa" o$^

a

h, pensates to, these ..t ,s. it y~,omosa, np i,
, i , sesidesgn seectee oes noing,ee

Omnessal 1100A with he graph at the left consult ourt

I ! i ! i t Techncan Servec Department.

.
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Seal Jacket Materials
~ O |

nuorocareon semi socket Materiais
nuo,ccuton s was manam ye cuer tne vers ruoroanen nu eeveoned

o m.eereni mar.a,s ior us, un Tne=wrnnou%ea aeroceaed for coumum amner comoounos ce avsee nove ney dewai vertorma,ce on a .co vv.tv of seniing ,

ennronments Tre matenas isted teow are roovered in soocial casu 11 in couot acow
=

four most commoney reco nmenood com- seiecten. conta:t our Tecnrocai Serwce Depan- ,i .

pounos. ano a'e surtame for most apoiica ment for gueance 3 800 544 0060 ; . 1 g i,jp 9 entions ,'
_. _.

>

* 4s
Code, Home and Appl 6 cation o

Cow e. c .
,

No, Description

taceaem for nont to mooerste ceamic ano static wva um- weso"
*Y '' ' " ' " ' ' ' * * ' '**'t" C ' T 1

"",r*g',n''PT F E" "''v'o"''"'*'D'oD'''e"s'u'w'"''sw'*to n'a'to "n:vom u""nnce 7 DAf *M
8 01 y t o ,

approdo

*400
Fluoroloy S unortwo PtsI with simdar procenes to fluorolov 01 mawna 2g9New02 p,,,,um pyrg ,,i ,,in iuo,ta,iun ,mp,oveo w.ar revstance a

. - - - - _ . -

Fluoroloy SL t acenent generai purpou materei tor hut and ww revstance .4oo*

03 caroorvoraon,te orey **commmenoed tar arv ano **n ive'caieo appacaisons To .09 3v

**''C 8* "' 5"d'b' * * *' 8"H'"* "' seo-blied PTFE _
__

Fluoroloy 06 1 oust eng wwing twat resstant Recc.mmereno tot hion .eao*
"vo''uac 5 ' c' 5'am * Cu Caa e To .08 * 1

'o''ra'''v'e'iurinma aga"ms't soft metais"o ''g'"h su'rfac'o"soeeos'06 Giass'Mory Grey
a v at fu e -480*

F PTR -

etap* :
I Fluoroloy O titremeiv tougn eng wwmo tut hmned heat ano enema,
>

Go6d res'starice Pancuanv suruoie for seravve m ois secom- To .1 e4
08 Prooretary *** * *"9 '"' * 8*' "d'u ppens 4e0* a

UHMWPE _. ._

-.

Propretary pastic reinterteo Itdieci PTFE $upenor heat and
.4eo" .15

-

Fluoroloy K '
To 3

10 Ekonout Fitwid Tan ww msuno he-aorative secomnemo var mown to
"'0" 80"d 8V'**'C 5"''C' 'unnmg saamst soti meisis 4ao'

. -PTFE
.4e0-

Flooroloy 12 iscenem perwrai purpou matere with good heat ano ww

12 ornonne Fihed Simca resstana hon aorsva comoaroe wim aii hvoraune fiuios
To .09 2

ano most etwmas Gooo m water ano nonauercatmo trusos 440*
PTFE - . . - _ . - - ~ _

..P'DD'*:8'v ho" 001s f*'o FI'l *'In escenent heat wm and .440* sMuorogoM ' " " ' " " 4"'" 6 8 8 '**" 8 *5 C d'* C Te 09 i 3
he'a,bravve"runnmg agamst so't me''tain"at hegn gyr' tate"gooe'o"g

'

{14 Premium Glass ulow 4e0-
Filied PTFE tic iem mawre to, wa up nngg

~

Thermooiastic with sucenor resstance to nuclea7taoaison but+380*

Claer amiten nw and ww resisunce Not re:ommenovo tor penerai To .50 5FWorobY2323 .t soa yVirgin Tetro6? purpou sunng
._

_ _ _

kmaar to fiuorooy SL matere but mersasso haroness ano ,,en.
Fluoro 6oy B ww mstac le e steam a4 war unw uw4 ce+ y, *9p 4

24 CaroorvGraohrte Block edians improvec creep and estrusion rnstance at higne' ***0,
Filled PTFE wmwaturn Gooo to, wa up nnos

iaceinem we r materW tof tH0ne[temoera[greg pregsgI'g'gog .gg. [t

Fluoro @Y M speeos ist,eiem m water and wate' bue soiutions 6voenoi mD 09 3
3 Premium Fahed Black ory or poo, v tubncateo aconcations can be aorasme rutinific 4ao'

PTFE _ against son mas
_____ __ _

Fluoro 6oy 34 tustomene mmre witn gooo ww and abrasen ressunce .300- 1

34 po#yggior Cream Dut hmitto themican ano temwature resstance isceneat * To .18 - 4
"#8# ''s ag water tuoi recompenm e swam .t soa

Elastomer _ _

7
___

Fluoro 6oy 36 Sme to fiuorosov 06 mater.at not somewret sotar for .4o0*
* '""'**'*"""C'"''**''*"""""'"' T* # 1

36 G ****v G''Y 'a"g*am*'s*t so"fi m"eias 4ao*
p,g.pdPTFE

+180* j
Fluorowthite Prooneu v :ompotte witn entrerneev gooo ww ano seraser*

!' 49 Proonstary White resesunce but hmiteo twat and chemicai ressunce Meets
To .11 4 g'

C' "Od"ements 4a0,
UHMWPE _ .- --

Ten A te.anca secommenoso io,encenent hio,n te,mperature*ase M 5modulus matenai withFluoro 6oy 65 Torn naca.uo nn , o v,55 1 y,,,n pee. .sor
e-.._e_. _' . .w . a - e -.j

.
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$ Spring Energizer Materials

) sonna energuer uniensis
OmnSeats are ottered with the follow. Spring OrnWeest Omn6esel Omntesel Orvirnesel

ing spring ener00ers Because of the Miry 11 400A 103A RPW 1100A
simost infinne varety of livid mood that

,
may be encountered by the seat. no
anempt is mase to make spectre recom.

!mencatons The varous staeniest stee!s ! 9
#

testeo are compatible with most flutos 11 g,

you s'e in coubt about meosa compatibil-
|

*
ity. consult F:uorocarton s Tecnncal *
Servce Department g*

.o

5

Descript60n Page Page Page Page Page
No. 16 19&30 20&30 21 31 |

.

'
kfSrI 301 Staini as Si oi 1 8'*a8*'8

>.q;

I i

02 tie j , wonar
inconel i All Sues

Cobalt Nckel Allo, Optional Optional Optenalg ,
IEcuivaient To Dgooy) All SGes All Sees All fuss

M 'g Stainie Steel

Op Opt.onal
g, tenat05 Eiginors 5

3 ,,, gii sg ,

316 Optonal Optenal Optonal,
06 Stain 6ess Steel AllSaes An Sass AllSees*

07 StaNNs i.ei 2 saaneero

C276 Optonal Optional Optional
08 3 All Saes AllSizes All Seesn ,ieiioy

. . . . _ _ . , - -

, .

+

Ali Fluorocarton sonng and seal
'

~~

matenais are of the hignost cuality
( i. '

-
.

and are traceabie to their ongin.
m,.,.a, con,,ica,ons a,e avs.iame e

at no entra chargo, c- g

. .

.,
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\ Application Data Form

sampio WG,s $heet 00 Not Fiemwei g
Naftw Titie . TEMPERATURE COWER $40N

'F 'C 'A 'M
Company .

Aooress 602 Sis t 10st t see s
l'2 * 10 0 10b17 873 2

City State Zo u2 2 33 i.tt sees
512 2ns e ett ? Las a

Phone No. FAX No- Aa2 tsa o wt7
ans..o => 11 , .os

Pro *=ia.m. oin tai ;" O,.a! ::;i
4ni.
-

m no s
Apphetitan Q in Pfpouction 332 its 4 791.7 sasA

= ,.0 ,. a ans
# 72 133J 73 0

40.s 5pre.em see oinuoo.eE uinmem ,

. .s. . 70, 0 m ,.3,
0 om

63 $ W 1.7 3es &
No ses. w nn No seawe., 1,87o .. .,o

33.,,,a .0 s.a m
92 33 3 S$1 ? 305 6

a siaic o Rod seu si,.e tengin ..
# i ou m.
32 00 dei ? 2733

o Recsprocating O Piston Seal Strokes Per Min. ,,j jj ,j'j gj*
,,

.no 60 0 40s ? rr3 e
i a Rotary a insco Face Seal RPM .es 4es 371 t rosa

. tis .s33 wit ise s

a osculateng a outsee Face Seal Freton Reg'd.- ' *a. .i.,. 0 2.n 3, 173s..,7 ., 1 ..
200 133 3 251 ? 130 9

uema o tou.d oG aeous :: ::: ";; ;"'
tornne,.io,e: one,.itng u n. um a; :;||$i. ;;;i

ai.,00, $..m .,,.

r P,eou,e: one,.i ng u,n. un .m. ,1 3. .
5 die .ts0 0 40 23.

Gland o.D. > Gland 1.0 /
___

.ese r t732 0 0
44s -res e i t.? ee

"* * "'''"*' F.jC+32 K.C+2732

**"-- s== C. p.. . . F . .s. ,

Finish Fenish

Gland Woth / . Can gland be changed? _ POUNDS PE R SOUARt INCH (PSI)
vt RsVS KILOGRAMS PER SouMit etNinstTER

Estruseon Gap 1 We seal be stretened? g,

we ses pass by sna,p ooges? . SoMing gnt or morasivest. _ ','' ",",*"' ,1 ",",Y' f,,, "" 7'
3

200 14 Os t700 189 $? 6 400 37976
WWICAft PReseufIt SIDE 300 f110 a.000 ,ts 90 6.000 303 31

400 tt 1J 2.000 fo3 N $ 800 407 N
600 3$ 18 3.000 210 97 0.000 421 N
.00 42 19 3.10) til 00 6J00 436 01
700 49 23 3200 725 03 4400 4!0 07
000 66 26 3 300 232.07 6.000 464 14
000 63 to 3 400 53910 4A00 478 20

1.000 70 32 3.500 246 13 ?.000 482 M
1.100 77.36 3 000 263 16 ? 200 tot 33
1.200 N 39 3.700 Peo 20 7400 620 39

| 1.300 91 42 3 000 #6723 7.000 ps 46

|- 1400 M AS 3 000 #74 26 7.800 644 52
l 1.500 105 44 4.000 20129 8000 natie

1 800 112 62 4100 tes 33 IJ00 576 66
1.700 t tt SS 4.200 #95.36 8400 500.72
1 A00 126 54 4.300 302.30 8 000 toe 75
1.000 133 81 4 400 308 42 8 400 Sit SS
1.000 140 65 4.500 318 44 5000 632 91
3.100 147 44 4 000 323 40 4J00 N6 M
tJ00 164 ?1 4.700 330 &2 9 400 M104"-'

. , , , 3.300 1604 4.800 33736 9 em 67s 11
******~+ -- - 2,400 tes 78 4.000 344.M SAB3 480.17

. , . . " ' * * " * ** * * *

tA00 1768t S.000 351 82 10.000 7tK123* **

| k~
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' 2 Omniseal Part Numbering System

) Important Note About Port Numbers

Staridaft! Dart humters lated in thts procedures of pacAaping not normalty These special numbers tre assgned to
catalog should not te used for source covered by sta'ioard catacg part your specif4C appheation arid provios
(Dritrol crownrgs or when special numbers Special part numbers are precse, permanent control of your parts
haridling of any kirid a reauered The assgned by the facto'y to cuver any Contact our Technical Service
includes special $mensonal or mate'tal out of-tr$ o'danary re0uirements Depa1mont.1800 $44 0000
control trouirements. ensoecton

Seal Design Seal Size Jocket Material Energtrer Meterial

4 |
i

~

230 | 348 01 ! 07 |,

L ope 14 L Page is-sering Ring n - Rees see. P
Page 18 Page 24 27 (Not roouired for

bacAmp rings.)
-Omnaceal a00A - Fece Seele

Page tg & 30 Page 32 35

_ omns,ees ,gan w .e r :r n .. e u 2303480107 or 230 348 0107
Page 20 & 30

i Military Versus industrial Glandsg pg-Omniseel Rp 11 Radial Omnseam n'id back up nngs
Page 21 can be supphed to fit either Mil-G-

g* 5514F military 0 Ring gianos, or
-Omnleest 1100A industnat. (tractonal) gianos. Uniess

Pege 31 230 can'ormance io the mihtary
specificatson is requered. || 3
recommended that the Industnal gland- Back up Ringe .

dimensons be used. Ese Page 249 Page 21

/ Boss Seel peri number shown on Pope 36. Mil. e Military Glands thmugh 27 for gend demeters.

Ind e industrial Glands '
Seal Design Variations

c e le
fikived Up Ertended Heel Flanged Heel

All Omneoal oesgos except Omruseats can be suppled with an The flanged heel oesgn m
Omneee! RP || can to supphed with a ortenood heet secten for emproved recommenced for rotarytosoltatory shaft
sharp ooge on orther the I.D. or O.0. reestance to outrusen at tugh apphcatons. The fiange a clamped in
seahng hp. Tks oogo provces a temperatures and/or hgh pressures. the seal housing to prevent the seal
acroperrmper acton for r.nahng abrasive See Page 13 tot selecten gueance, from tuming with the she't See
or vor.ous media. May also be used as comments on Page 11 and 12.
an environmemal emetuoer.

Quality Control
The Fluorocarbon Mechanecal Seal souipped to provide complete inspec- 395 |

IDeveson Quahty System a bened on the ton. test and certificaton needs. Our
*.-* , q. - .

rooueremenn of MIL 445206.This sys. Quahty Department mit represent the ;-

*tem amo conforms to NASA Spec. customer nerest in all areas of contract
NHB5300 4 and Federal Regulation somenistraton, cocumentaten control

g 10CFR50. Appendin B. Our tacristy is and manufactunng funciens.

. .

.

e

>
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Omniseal 103A
&

omniseal Series 103A
Elastorn.ne En.rgtzers T

Omnseal 103A soais may b oroerec
The Omnsea!103A is a retenement witn optionai ciastomerc O Ring

of sne orgina! sprirg energirac seas energ:rers m Dia:s of tne metalic
oesign. The riescal wou'ed flat sonne epnry A wios versty of elastomers
ofters a mooerste to hegn sorthg 60ac imtru. Viton?. 6dcone. etc ) a'sfor state and slow to mooerste speed

avanlatwe Contact our Tecnncal Servce
orname seal:7anos.s highe' friction

11 ha

than the 400A but tetter Department for oetads A'

sealeng of tnin Loucs and gases
Avanate in oli Mll.G-5514F a id

Sktved I.D. Lip Sktved O.D. Lipindustnal sizes
Standard Lip
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:

] 3.4.6.6.2 Outer Lid Bolts

U.S. NRC Comment

Please address the shear stress in the bolt. Does this stress

,

exceed the allowable ASME shear strength?
>!

NAC Response

The maximum shear stress of 20,090 psi in the NAC STC outer lid
bolts occurs for the 30 foot side drop transport accident and

results from the weight of the outer lid multiplied by the 55g

impact loading. This shear stress does not approach the Level D
shear stress limit of the ASME Boiler and Pressure Vessel Code,

Section III, Appendix F, that is, 0.4s - $4,0 ksi or 0.6S - 59.3
7

ksi. Since the bolt tensile stress is 46,090 psi (based on the

revised bolt torque calculations), the combined shear and tensile

(}
stress is evaluated as (46,090/97,100)2 + (20,090/54,000)2 - 0.364
< 1. 0 _ Since_the maximum side impact loading for the NAC STC for
storage is only 11.8g for the tipover condition, the snear stress
in the outer-limit bolts is approximately (20,090)(11.8/55.0) -

4,130 psi for storage operation.

|
t

!I

.

|
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3.4.7.1 Port. Cover Bolts

Oe

U.S. NRC Comment

Vby is the engagement length not checked in the other bolt
analyses?

NAC Response

1

The engagement length of the threads on the port cover bolts is .;

checked to ensure that the thread shear area is adequate to prevent
a shear failure. This check is necessary for the port cover bolts
because they are specially designed " captured" bolts so that they
don't get lost when the port cover is removed from the cask. The

" captured" design only permits a thread length of 1.5 x thread
diameter. NAC's standard design practice is to use a thread length
of 2.0 x thread diameter, which ensures adequate thread shear area,

(} so no engagement check is necessary. The other bolts in the NAC-
STC satisfy this criteria, so no engagement check is performed.

.

O
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/ 3.4.7.3 ANSYS Finite Element Analysis of the Port Cover )

U.S. NRC Comment
,

(a) What is the justification for the 200 psi internal pressure?

(b) Please explain the ANSYS axisymmetric beam element.

(c) The ANSYS and classical method results differ considerably. Please

explain the large difference

NAC Response

(a) The value of 200 psi is a typical, but conservative, internal

pressure for NAC casks. The maximum calculated internal pressure
for the NAC STC is 107.3 psi for a 10 CFR 71 transport cask thermal
fire accident scenario. Thus, the NAC STC port cover analysis is
conservative.

(b) The term "axisymmetric beam element" is used to describe an ANSYS
two dimensional beam element with effective sectional properties

such that it represents a "360 degree" revolution of the element in
a finite element analysis.

(c) The difference between the results of the ANSYS and the classical
analysis methods is due to the methodology and boundary conditions
used. The ANSYS evaluatir,n uses an elastic plastic consideration
together with a specified degree of edge rotational restraint on the
port cover structure. In contrast, the classical analysis method

uses an elastic analysis approach and considers the port cover as a
simply supported plate.

101
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3.4.7.4.1 Classical Analysis
.O

U.S. NRC Comment

How does the initial assumption of perfect elasticity make the
classical analysis conservative? Elastic analyses usually under
predict deflections,

NAC Resnonse

NAC agrees that the elastic analysis method usually under predicts'

deflections. The conservatism ioentified for this analysis refers
to the assumption of a simply supported plate, rather than

i
'' including some degree of constraint that is provided by the bolts;

also, no shear stiffness of the plate is considered. Both of these

analysis considerations contribute to the calculation of a
.

conservatively high port cover deflection. The ANSYS finite
element analysis of the port cover presented in Section 3.4.7.4.2
verifies the conservatism of the classical analysis.

.

O.

.
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i4

|
1

3.4.8.2.1.2 Tipover Impact Analysis
'

. 0
U. S , NRC Comraent

Is the assumed value of $$g shown to be conservative?

NAC Rest.onse

Yes, it is conservative to assume a 55g impact load for a tipover
'

impact analysis. As documented in Section 3.4.9, the maximum
0

lateral load on the NAC STC is 2.94 x 10 pounds (11.75g) at the

upper side impact limiter for a tipover side impact. The

conservatism of the assumed 55g side impact is documented in
Section 11.2.3 and further verified in the NAC Response to Comment

11.2.3.2

O

O
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3.4.9.5 Method of Analysis

|

U.S. NRC Comment,

(a) Besides information included in Section 3.6.2.3, please provide'

technical details about the manner in which RBCUBED calculates the
force deflection curves.

|
|

(b) Was sliding between the aluminum honeycomb and the stainless skin
considered for the impact analyses? This sliding may adversely
load the steel shell encasing the honeycomb.

(c) The structural strength of the impact limiter tabs needs to be

addressed for the tipover condition. For the tipover, the shear,

force over the interface between the impact limiter and the cask

bottom is high.

H6.G B.caponr,c

(a) RBCUBED utilizes quasi static methodology. The impact of the cask
package is frozen at an instant in time during which all

calculations are performed. At any particular instant the

deformation of the impact limiter is divided into a number of

" zones". A zona is'a thre -dimensional body section of the-impact
limiter oriented normally to the unyielding surface. Only the
zones directly compressed between the cask body and the unyielding
surface are considered effective in absorbing the kinetic energy of
the package. The deformation of each zone is determined and the
associated strain is calculated by dividing that deformation by the
original height of the zone. The stress in the zone is determined

.

from the stress-strain data for the material, as previously defined

in the input. The force in the zone is calculated by multiplying
|

|_ the area of the zone by the stress in the zone. The total force

! exerted by the impact limiter is the sum of all the forces in the
effective zones. The iteration process is continued until all of

| the kinetic energy of the cask is absorbed and the velocity of the

O
104

|

. . -. . - . . . . . _ . - - . . . .. . . - . - - . . . - ,



._. . _ - . _ _ . _ _ - - _ _ . _ . _ _ _ _ __.. __- ...____ _ - _ _ _ _ - _ , . _ . . _ _ _ - ._
_

.

Nuclear Assurance Corporation- November 1990
Project No. M 55

.

,q cask is reduced to zero. The force deflection relationship for the

V impact limiter for a particular drop orientation is thus,>

calculated by RBCUBED.

(b) No sliding between the aluminum honeycomb and the stainier' .e l

shell was considered in the analysis. The epoxy bonding t: *

interfaces between the two materials sufficiently limits sliding

between the materials so that deformation of the impact limiter
; proceeds as predicted. Previous quarter scale model drop tests of

the NAC LWT cask have verified the impact limiter behavior.

(c) As discussed in Section 11.2.4.1, tipover is evaluated as a

credible occurrence for the NAC-STC during storage on the concrete
pad. The cask is stored with its base on the concrete pad without

the bottom impact limiter. Therefore, an analysis of the bottom

impact limiter attachments is not applicable.

O-

O
,
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3.4.9.7.2 Upper Side Impact Limiter Attachment Analysis
Os

U.S. NRC Comment

(a) Does Figure 3.4.9-1 provide the attachment details for the bottom

and side impact limiters? Are the storage and transport impact

limiters attached the same way?

(b) In Figure 3.4.9 1, what is the length between the side impact
limiter and the top of the cask?

NAC Response.

(a) Yes, Figure 3.4.9 1 provides the attachment details for the bottom

and upper side storage impact limiters; additional attachment
details are shown on Drawings 423 538 and 423 539 in Section 1.5.2
of the NAC-STC TSAR. The upper side impact limiter has eight
equally spaced 1/4 inch plate mounting tabs that are bolted to the
side of the cask body with 1/2 inch diameter SA 193, Grade B6, Type
410 stainless steel bolts. The bottom impact limiter has four
equally spaced 1/4 inch plate mounting tabs that are bolted to the
side of the cask body with 1/2 inch diameter, SA 193, Grade B6,
Type 410 stainless steel bolts.

No, the storage and transport' impact limiters are not attached to

the cask in the same way. The upper and lower transport impact
limiters for the NAC STC are each attached to the ends of cask by

16 1 inch diameter bolts through the transport impact limiters.

(b) The top of the upper side impact limiter is 1.8 inches from the top
of the cask. Figure 3.4.9 1 will be revised to clarify this.

106
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3.4.10.4 Stress Evaluation of Gravity Effects

U.S. NRC Comment

(a) Please address the structura.1 analysis of the rods and spacer nuts.
Buckling of the rods is a critical concern.

(b) In the ANSYS model of the basket disk, what type of displacement
restraints were assumed at the rod locations, hinged, fixed, or

other?

(c) In Table 3.4.10 1, the formula for the Von Mises Stress is

incorrect. Please address. If using ASME stress limits, the

Tresca criteria should be used since the ASME code is based on that
criteria. However, the resulting difference between the Von Mises
criteria and Tresca criteria is small.

NAC Response

(a) As documented in the last paragraph of the NAC STC TSAR Section
3.4.10.5, the threaded rods and spacer nuts are analyzed in Section
11.2.4.7.6.4 of the TSAR. In that section, the threaded

rod stresses are calculated for the end drop condition. The

buckling analysis of the threaded rods for the end drop condition
and an evaluation of the side and corner drop conditions for the

rods are addressed in the NAC response to Comment 11.2.4.7.6.4

(b) In the ANSYS model of the support disk, roller-type displacement
restraints were assumed at the threaded rod locations. To be

specific, displacement is only restrained in the disk lateral

direction (threaded rod axial direction). This is a conservative

representation of the restraint provided by the threaded spacer
nuts.

O
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a

( (c) The formula for the Von Mises stress is mistyped in table 3.4.10 1.
llowever, the Von Mises stress calculations are based on the correct'

formula. The typo in footnote No. 2 in Table 3.4.10 1, will be
revised as:

SICE (Von Mises) Stress - 0.707 [ (Sx-Sy)243,243,2+6(Sry ))0.52

Note that the terms of Sz, Syz, and Sxz are zero for the two-
dimensional stress analysis and, therefore, are not shown in the
Von Mises stress formula.

,

~/

1
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4.4.1.1.1.3 Radial Neutron Shield
,

U.S. NRC Comment

(a) What is the UNS number of the copper heat conductor plates in the
Neutron Shield Assembly?

(b) Is the thermal conductivity of the copper given in Table 4.2-7
.(page 4.2 11) for copper with a purity > 99.99 percent appropriate
for the actual copper used (UNS Cl????) which, according to ASTM
B152 has a purity <99.99 percent?

(c) What is the thermal contact resistance between the NS4FR and the
-metallic components of the radial neutron shield assembly and
between the explosively bonded composite copper and stainless steel
plates with 95 percent minimum bond area between the plates?

/ (d) The plate materials shown in the figure on page 4.4 4 are not
consistent with the electric circuit diagram?'

(e) What are the dimensions (length and area for example) of each of
the five resistances shown in the electric circuit diagram on page

4.4 4, and are the thickness dimensions of the copper and stainless
shell plates correct?

NAC Restionse

|

|-
(a) The ASTM B152 copper alloy material has a UNS number of C11000,

i.
l

(b) ASTM B152 copper allow has a minimum copper and silver content of
,

99.90 percent. Therefore, it is not entirely appropriate to use

conductivity values for copper with a purity > 99.99 percent.
However, the value of the effective thermal conductivity of the
radial neutron shield used in the analysis (0.246 BTU /hr in *F) is
conservative. The effective thermal conductivity of the neutron

.
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shield, based on stainless steel and copper fin thicknesses of 6 mm
O and 8 mm, respectively, is 0.261 BTU /hr in *F, based on a thermal

conductivity of 18.11 BTU /hr in *F f.ir the copper alloy at 300*F.

(c) The thermal contact resistance between the NS4FR and the metallic
components of the radial neutron shield is negligible, due to the
thermal expansion characteristics of the material. Under storage
limiting thermal conditions, the NS4FR expands tt, fill any small
air pockets formed between the NS4FR and the steel during
fabrication, resulting in a continuous contact between either the
outer shell or the neutron shield shell of the cask and the NS4FR
material.

Explosion bonding produces a mechanical, metallic bond between the
bonded materials. Therefore, there is no thermal contact

resistance between the copper and stainless steel fin n atorials.

(d) The designations for stainless steel and opper in the figure on
page 4.4 4 are incorrect. The stainless steel, not the copper, is
in contact with the outer shell and the cask surface. The electric

circuit diagram is correct.

(e) The length of the stainless steel fin and the NS4FR region is 5.5
inches. The length of the copper fin is 5.25 inches, leaving an
1/8 inch gap at each end of the fin. For analysis purposes, the
thicknesses of the stainless steel and copper fins are 1/4 inch
each. However, the fins are actually composed of 6 mm thick
stainless steel and 8-mm thick copper, resulting in a higher
effective thermal conductivity for the radial neutron shield.

O
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4.4.1.1.3 Maximum Fuel Rod Cladding Temperature ModelO
U.S. NRC Comment

What is the reference for SCOPE and where is it documented?

NAC Response

SCOPE is referenced in Chapter 14 of the TSAR under the author's
name (Bucholz). The reference is provided in the short description

of the use of the SCOPE cod 6 given en page 4.1-2.

O

O
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11.2 Accidents

0:
U.S. NRC Comment

.

(a) Since quasi static analyses were used for all the drop test
analyses, an appropriate dynamic amplification factor (DAF), or
dynamic load factor (DLF), needs to be spceified and used. The
choice of the DAF or DLF should be justified, or the conservative
value of 2 is used. What is the DLF suggested by the comparison of
the stress results between the SCANS quasi-static and dynamic
analyses?

(b) Does SCANS predict the same g levels as RBCUBED for the storage and
transport impact limiters? Picase show comparisons.

NAC Response

(a) The loadings used in the static analyses for ANSYS were factored byO the maximum deceleration for each drop. For the side drop, which
simulates a condition more severe than the tipover, the loadings in
the static analyses were factored by 55 to correspond to the
maximum deceleration of 54.2g's experienced only at the end of the
impact.

Any additional amplification of loadings would be caused by dynamic
excitation of the sk, either in a beam mode or in one of the

fundamental shell modes. The duration of the cask impact based on

the RBCUBED results for the side drop is approximately 0.035
seconds. The cask, if viewed as a beam for a free-free mode, has a
first mode natural frequency on the order of 300 Hertz. This would
allow the cask to experience 10 cycles during the loading and to
follow the impact limiter force input. It can be shown that the
excitation of the cask during the impact follows the impact limiter
force curve and that the dynamic oscillations are about the force
curve and are considered to be small.

O
|
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- (b) -Yes, SCANS predicts the same G-loads as RBCUBED does for the
- storage and transport impact limiters. A comparison is provided

between RBCUBED and the SCANS calculated g loads for the NAC-STC
transport impact limiters:

Londine Conditions RBCUBED SCANS

30 Foot Bottom End Drop 40.4 38.8

30 Foot Side Drop 54.4 54.4

30 Foot Bottom Corner Drop 41.4 41.4

(~~
\

|

|

.
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!

,e 11.2.3.2 Accident Analysis
t

-

U . S . NRC Corg

6Even though the shear load in the 2.94 x 10 lb tipover accident is
6smaller than the shear load in the 13.75 x 10 side drop accident,

is the shear load considered in the analysis? Are there cask

cross sections at which the combined moment and shear contributions
are greater for the tipover accident than for the side drop
accident?

NAC Response

Although not included in the analysis presented in Section
11.2.3.2, the ma6nitude of the shear loads and the shear diagrams

6for the NAC STC for the tipover and for the 13.75 x 10 pound side
drop accident conditions were considered in the preparation of that

'

(' analysis. Since the maximum shear stresses on the inner and outer
shells are less than one half the maximum bending stresses on those
shells, the comparison of the maximum bending moments for the two
accident conditions was considered more significant than that of
the shear forces and so, was presented in the tipover analysis.

It is important to remember that the maximum bending stress in the
cask shells occurs at the extreme fiber location at 90-degrees to

the neutral axis, while the maximum shear stress in the cask shells
occurs at the neutral axis. The maximum bending moment on the
cask for the tipover accident is only 0.33 of the maximum bending
moment on the cask for the side drop accident and, likewise, the
maximum shear on the cask for the tipover accident is only 0.43 of
the maximum shear on the cask for the side drop accident. The

shapes of the shear and moment diagrams for the cask for the
tipover accident are nearly identical to those for the side drop
accident, although their magnitudes are quite different. Thus, the

combined shear and bending stresses at any location along the cask
for the tipover accident and for the side drop accident will have

,, 3
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essentially the same relationship as do the maximum bending moments
O or the maximum shear forces for those two load conditions. For the

30 foot side drop, the maximum outer shell bending stress is 15,998
psi at the midpoint of the cask. For the tipover, the maximum

outer shell bendin6 stress occurs 13.8 inches above the cask
midpoint at the extreme top and bottom fibers and is 5,391 psi, !
while the maximum shear stress occurs at the location of the upper )
side mpact limiter along the cask body at the neutral axis*

loc ' ion of the cask cross section and is 5,641 psi. Very

ceaservatively assuming that the maxit;.um bending as.d shear stresses
for the tipover condition occur at the same point, the equivalent

+8s) - 12,504 psi. Since this equivalentstress is S, - (Sb
stress is less than the " maximum bending stress only" for the 30-
foot side drop, it is clear, then, that there are no cask cross-

sections at which the combined moment and shear contributions are
greater for the tipover accident than for the side drop accioent.

i

;

i
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/] 11.: 3.2 Accident Analysis

a

U.S. NRC Comment

(a) This section contains the first mention of the redwood impact

limiters. It would be helpful if these impact limiters were

mentioned along with the introduction of the storage impact
limiters.

(b) Please provide further details about the transport impact limiters.
Specifically, information is needed about the manner in which the
force deflection curves are obtained; either by experiment or

theoretical calculations. Drawings which show the details of the
impact limiters and their particular attachments will be useful.

(c) The high modulus of elasticity (2280 ksi) for ' . sd is valid only at
stresses less than about 700 psi. For stresses nigher than about
700 psi, a lower modulus is necessary for the structural analysis

O) of lead,>

k.|

(d) The lead modulus of 27,750 psi used in SCANS is appropriate and the

| SCANS prediction of hoop stress should be accurate. The SCANS
|

! results presented in the TSAR, which used a lead modulus near 2 x
610 psi, cannot be accepted as an adequate solution for the case

l with unbonded lead and steel shells. Please provide results of a
detailed clastic-plastic analysis using the stress-strain curve in
NUREG/CR-0481 to represent the clastic plastic properties of the'

lead.

|'

(c) SCANS does calculate the values of hoop stress, S, for the
g

lead /shell interfaces unbonded case, but these values were omitted
in Table 11.2.4-1 2nd other similar tables. Please review.

(f) The shear stress calculated by SCANS is Sd , at the beam neutral
axis, not S Please review the impact of this chat;c in the datarz.
presented in Table 11.2.4-4 and other similar tables.

O
%/
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i
,

' NAC Response-

(a)- Refer to Paragraph (b> of the NAC Response to Comment 3.3.7. The

transport impact limiters for the NAC-STC contain redwood and balsa
wood es the energy absorbing materials; they are mentioned in the
TSAR only to provide the basis for the 30-foot drop impact g loads
that-are conservative 1y'used to demonstrate the structural adequacy
of the NAC STC for impact accident conditions.

(b) Again, it is reiterated that the NAC STC transport impact limiters
are not a part of the storage cask license application, except to
provide insight on the selection of the impact loads used in the
drop accident analyses. The force deflection curves for the NAC-

-STC transport impact limiters are calculeted by the RBCUBED
; computer program based on experimental force-deflection data from
redwood test specimens. Refer to the NAC Response to Paragraph (a)
of Comment 3;4.9.5 for a description of RBCUBED's calculational
techniques.. . Details of the transport impact limiters and their

..

attaC%enes are presented in Drawings 423 609 and 423-610 in

O Section 1.3.2'of-the NAC STC SAR, September 1990.
V

,

, (c & d) Refer'to the NAC Response to Paragraph (a) of Comment 3.3.6.1 for
the: discussion and documentation of the appropriate modulus of
elasticity to=be usedrin the analyses of the NAC STC; a~ summary ,

tabulation.of calculatio".a1 and experimental results is presented
in:that-response.

- (e:6.f) The SCANS analyser,-beginning with the second paragraph of Section
11.2.4.2:and continuing through sction' 11.2.4.5.3, will beideleted
and replaced by-the-text which follows; the; structural adequacy of'

~the'NAC STC for the impact accident conditions.is documented by-the
ANSYS-finite element. analyses that are presented in the NAC-STC

-

!'SAR. LThe. accuracy of the~ANSYS annlyses has.been' verified by
comparison of-the results to those from SCANS and from the quarter- ,

scale model drop tests.for the outer shell'. For convenient .

reference, the pertinent pages from the NAC STC SAR are included as
a part of this response and appear as Appendix A of this document.

:O ,
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,P Rigorous finite element analyses using the ANSYS computer program
5 have been performed for the NAC STC. ANSYS evaluations include the

30 foot side, bottom end and bottom corner drop analyses, which
were documented in detail in the Sections 2.7.1.0 thtough 2.7.1.3
of the NAC STC SAR. Each ANSYS evaluation uses an equivalent-
static clastic analysis method and considers that cask material
properties are temperature dependent. Each ANSYS evaluation also
calculates the effects cf the lead slump stress and three-

dimensional stress effects (including the Poisson's effect in the
hoop direction) resulting from accident drop impact conditions.

A two-dimensional axisymmetric ANSYS computer model for the NAC STC
was used in the bottom end drop analysis, white two three-
dimensional ANSYS models were employed for the side and corner drop
evaluations. The two dimensional (2 D) axisymmetric model is
described in Section 2.10.2.1.1 of the NAC STC SAR. ANSYS STIF3

(2 D beam), STIF12 (2-D gap), and STIF42 (2 D solid) elementa are
used to construct the 2 D model of the NAC-STC. The overall view
of the model is shown in Figure 2.10.2-1 of the SAR. Detailed

plots showing node numbering patterns and the mesh arrangements in
the different regions of the model are included in Figures 2.10.2-2
through 2.10.2-7 of the SAR. The three dimensional (3 D) models
are described in Section 2.10.2.1.2 of the SAR. In order to reduce
the overall problem size, two 3-D models are developed: 1) the
bottom fine mesh model, to be used in the stress evaluations for

the bottom half of the cask; and 2) the top fine mesh model, to be
used in the stress evaluations for the top half of the cask. In

fact, both nodels are complete representations of the cask, since
the entire cask is modeled. Three-dimensional beam elements
(STIF4), gap elements (STIF52), and solid elements (STIF45) are
used in the construction of the two 3-D finite element models. The

complete bottom and top fine mesh models are shown in Figures
2.10.2-9 and 2.10.2-20, respectively, of the NAC STC SAR

Documentation procedures for the finite element stress calculations
are described in Section 2.10.2.4 of the SAR and are briefly

summarized here. First, cask components are defined so that the
structural qualification of the cask can be performed on a
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''} component basis. The cask is divided into components based on the/

N- / physical geometry of the cask, such that each component consists of
a single material. The cask component identification is
illustrated in Figure 2.10.2-33 of the SAR. Stress evaluations are
performed at every feasible cross section of the cask. Then, the

most critical cross-section within each cask component is

determined by searching, on a component basis, for the cross-
section where the maximum stress intensity is located. Since the
stress evaluations and the search are performed by a computer
algorithm, every feasible cross section is identified and
evaluated, insuring that the maximum stress location within each
component is found. Stress tables are then prepared to summarize
the critical primary membrane (Pm), primary membrane plus primary
bending (Pm + Pb), primary plus secondary stresses (Sn), and the
margin of safety, of each cask component, for each loading
condition. Stress intensity summaries are also prepared for the
primary membrane, primary membrane plus primary bending, and
primary plus secondary stresses at other selected representative
sections on the cask. The representative section locations were

|A) chosen, based on the critical stress locations, in order to
x ,

''' illustrate the overall structural behavior of the cask. The

selected section locations are described in Section 2.10.2.4.2 and3

depicted in Figure 2.10.2 34 of the SAR.

The NAC-STC is evaluated for impact orientations in which the cask
strikes the impact surface on its top end, top end oblique, side,
bottom end, and bottom end oblique. Since only the side, bottom
end, and bottom corner drop conditions are credible for the design
of the storage cask, the stress results for these conditions are
summarized in the following discussion.

ANSYS evaluations for the side, bottom end, and bottom corner drop

conditions consider that the impact forces result from 30-foot

accident drops. An impact load factor of 55g is used for both side
and bottom corner drops and a factor of 56.lg is used for the
bottom end drop. These impact load factors are significantly

greater than the impact load factors for the cask for the 6 foot

7-s drop storage accident conditions. Impacts with the maximum and

\w)
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p minimum weights of contents are considered. The environmental

V temperature for the drop is between 20*F and 100*F. Internal heat

generation from the contents and solar heating are also considered.
Regarding internal pressure, the maximum or minimum normal
operating pressure is applied to produce the critical stress
condition in conjunction with the other loaGs previously discussed.
Closure lid bolt preload stresses are also considered.

For the 30-foot bottom end drop case, the critical (ma>imum) stress
summary for all cask components are documented in Tables 2.10.4-124
and 2.10.4 125 of the SAR. These two tables document the critical
primary membrane (Pm) and primary membrane plus primary bending
(Pa+Pb) stresses in accordance with the criteria presented in

Regulatory Guide 7.6. The allowable stresses are functions of the
material strength at operatitig temperature. The maximum operating

temperature within-a given component is used to determine the
allowable stresses for that component. Note that higher

temperatures result in inwer allowable stressos. The maximum

calculated Pm stress inu '9.3 ksi and the maximum
|
,-

O calculated Pm+Pb stress intensity is 22.7 ksi, which are produced
V by the combined loading condition: 30 foot bottom end drop impact,

bolt preload, and internal pressure. As shown in Tables 2.10.4 124
and 2.10.4 125 of the SAR, the margins of safety are positive for
the 30 foot end drop accident condition. The most critically

stressed component in the system is the bottom forging. The
minimum margin of safety for the bottom end drop condition is found
to be L1, as documented in Table 2.10.4-125 of the SAR.

Likewise, the maximum Pm and Pm + Pb stress intensities for the 30-

.

foot side drop are 36.0 ksi and 49.4 ksi, respectively, as
documented in Tables 2.10.4 133 and 2.10.4-134 of the SAR. These
two-tables also show that the margins of safety are positive for
the 30-foot side drop accident condition. The most critically
stressed component in the system is the top forging. The minimum

margin of safety for the side drop condition is +0.3, as documented

in Table 2.10.4-134 of the SAR.
I
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120

|



Nuclear Assurance Corporation November 1990
Project No. M 55 -

,e''T The maximum Pm and Pm + Pb stress intensities for the 30-foot
) bottom end corner drop are 23.5 kai and 39.6 ksi, respectively, assm

documented in Tables 2.10.4-155 and 2.10.4-156 of the SAR. The

minimum margin of safety is 9.2, as documented in Table 2.10.4-
156 of the SAR.

Satisfaction of the-extreme total stress intensity range limit is

demonstrated in SAR Section 2.1.3.3. The documentation of the NAC-
STC adequacy in satisfying the buckling criteria for the stresses
of the accident drop conditions is presented in SAR section 2.10.5.

The NAC STC maintains its containment capability and is
structurally adequate to withstand the 30 foot accident drop cases.

Since the impact loads on the cask for the 6 foot drop storage

accident conditions'are less than the impact loads on the cask for

the 30 foot drop accident condition, the NAC STC is also
structurally adequate for the 6 foot drop storage accident

canditions.

p)L

i
1

l

t

l

V

121



Nuclear Assurance Corporation November 1990
Proj ect No. M-55

. O-

Appendix A

Portinent pages copied from the NAC STC SAR for reference purposes.
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2.7.1.0 Free Droo (30 Feet)

The NAC STC is required by 10 CFR 71.73(c)(1) to demonstrate structural
adequacy for a free drop through a distance of 30 feet onto a flat,
unyielding, horizontal surface. The cask strikes the surface in an ori-
entation that inflicts maximum damage. In determining which orientation

produces the maximum damage, the NAC STC is evaluated for impact
orientations in which the cask strikes the impact surface on its top end,
top end oblique, side, bottom end, and bottom end oblique. The impact
limiters and the impact limiter attachments are evaluated in Section
2.6.7.4 for all loading conditions.

Impacts with the maximum and minimum weights of contents are considered.
The environmental temperature for the drop is between 20*F and 100'F.
Internal heat generation from the contents and solar heating are also
considered. Regarding internal pressure, the maximum or minimum normal
transport pressure is applied to produce the critical stress condition in
conjunction with the other loads previously discussed. Closure lid bolt

g
() preload and fabrication stresses are also considered.

The following method and assumptions are adopted in all of the drop
analyses:

1. The finite element method is utilized to do the impact analyses.
The analyses are performed using the ANSYS computer program.

2. The analyses assume linearly elastic behavior of the cask.

3. The impact loads calculated in Section 2.6.7.4 are statistically
applied to the impact surface of the cask. The dynamic wave
propagation produced by the impact is assumed to spread through-
out the cask body simultaneously.

4. The finite element model of the NAC-STC includes only the major
structural components of the cask body; thus, the weight of the
modeled cask body does not include the weight of the neutron

O
V
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shield material, the neutron shield shell, nor the cavity contents.
However, the applied loads on the cask model are based on a cask
design weight. of 250,000 pounds.

5. To account for the lead slump during the drops, and for the
differential thermal expansion between the cask stainless steel
shells and lead shell, gap elements are used in the finite element
model.

The types of lording considered in the accident condition analyses
include: (1) thermal, (2) internal pressure, (3) closure lid bolt
preload, and (4) impact and inertial loads resulting from the impact
event. These loadings and the boundary conditions, used in the finite
element analyses, are discussed in Sections 2.7.1.1 through 2.7.1.4.
Appendix 2.10 document the procedures, analysis and stress results for
the 30 foot drop accident conditions.

Note that the fabrication stresses are considered negligible as explained

O..i in Section 2.6.11.0. The puncture analysis is performed using classical
hand calculations, as shown in Section 2.7.2.0.

O
2.7.1.0 2
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2.7.1,1 Thirty Foot End Droo

The NAC-STC is structurally evaluated for the hypothetical accident 30-
foot end drop condition in accordance with the requirements of 10 CFR
71.73(c)(1). In this event, the NAC STC (equipped with an impact limiter
over each end) falls through a distance of 30 feet onto a flat.
unyielding, horizontal surface. The cask strikes the surface in a
vertical position; consequently, an end impact on the bottom end or top
end of the cask occurs. The types of loading involved in an end drop
accident are closure lid bolt preload, internal pressure, thermal, impact
load, and inertial body load. There are six credible end impact

conditions to be considered, according to Regulatory guide 7.8:

1. Top end drop with 100'F ambient temperature, maximum decay heat load,
and maximum solar insolation.

2. Top end drop with 20*F ambient temperature, maximum decay heat load,
and no solar insolation.g-

(
3. Top end drop with 20'F ambient temperature, no decay heat load, and

no solar insolation.

4 Bottom end drop with 100*F ambient temperature, maximum decay heat
load, and maximum solar insolation.

5. Bottom end drop with -20*F ambient temperature, maximum decay heat
load, and no solar insolation.

6. Bottom end drop with -20*F ambient temperature, no decay heat load,
and no solar insolation.

The finite element analysis method is utilized to perform the end drop
stress evaluations for the hAC-STC. The end drop accident condition can
be analyzed using a two dimensional axisymmetric model, because of the
symmetry of both the cask structure and the loads involved in the end

O
2.7.1.1 1

- - - - - - _ _ _ _ - _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
_

_



_ _ _

NAC STC SAR September 1990
Docket No. 71 9235

A

h
drop case. The cask is modeled as an axisymmetric structure using ANSYS
STIF42 isoparametric elements. A detailed description of the two-

dimensional finite element model of the NAC STC is provide in Section

2.10.2.1.1.

During an impact event, the cask body will experience a vertical
deceleration. Considering the cask as a free body, the impact limiter
will apply the load to the cask end to produce the deceleration. Since

the deceleration represents an amplification factor for the inertial
loading of the cask, the equivalent static method is adopted to perform
the impact evaluations. The analyses consider the behavior of the cask
to be linearly elastic. Additionally, the fabrication stresses are
considered to be negligible (Section 2.6.11.0).

Five categories of load -closure lid bolt preload, internal pressure,
thermal, impact, and inertial body loads- are considered on the cask:

1. Closure lid bolt preload The required total bolt preloads on the
3 0
C/ inner lid bolts and the outer lid bolts are 4,87 x 10 pounds and

55.09 x 10 pounds, respectively, as calculated in Section 2.6.7.5.
Bolt preload is applied to the model by imposing initial strains to
the bolt shafts, as explained in Section 2.10.2.2.3. The initial
strains applied to the bolts are 3.034 x 10-3 inch / inch and 8.863 x
10'0 inch / inch for the inner and outer lid bolts, respectively. The
bolts are modeled as beam (ANSYS STIF3) elements.

2. Internal pressure - The cask internal pressure is temperature
dependent and is evaluated in Section 3.4.4. Pressures of 50 psig

and 12 psig are applied on the interior surfaces of the cask cavity
!
t for the hot ambient and cold ambient ecses, respectively.

3. Thermal The heat transfer analyses performed in Sections 3.4.2 and
3.4.3 determine the cask temperature distributions for the following
three er.mbinations of ambient temperature, heat load, and solar

insolation:
i

A
\
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Condition 1. 100'F ambient temperature, with maximum decay heat
load, and maximum solar insolation.

Condition 2. -20*F ambient temperature, with maximum decay heat
load, and no solar insolation.

Condition 3. -20'F ambient' temperature, with no decay heat load, and
no solar insolation.

The cask temperatures calculated for each of the three thermal-
conditions discussed above are used in the ANSYS structural analyses
to determine the values-of the temperature dependent material
properties, such as modulus of elasticity. density, and Poisson's
ratio.

4. Impact loads The impact loads are induced by the impact limiter
acting.on the cask end during an end drop condition. The impact
loads are determined from the energy absorbing characteristics of the-s

.(%,) impact limiters, as described in-Section 2.6.7.4. The impact load is'

expressed in terms of the design cask weight (loaded or empty),
multiplied by appropriate deceleration factors (g's). For details,

see Section 2.6.-7.4

The. impact limiter. load is considered to'be uniformly applied over
the end surface of the finite element model of the cask. The

calculation of impact pressure loads is documented in Section
2,10.2.2.2. The following is-a summary.of the impact pressures
applied to the exterior surface of the impacting end, for the.

different loading scenarios, with the corresponding design
deceleration (g) values.s

(m,

'(
2.7.1.1 3

. .. . - _ - , . .. .. - -.



NAC STC SAR September 1990
Docket No. 71 9235

, ~ ~

IMPACT PRESSURE DECELERATION

LOADING CONDITION FOR 1 e (c)

Top end impact with basket and fuel 42.48 psi 56.1

Top end impact with basket, no fuel 35.86 psi 45.9

Bottom end impact with basket and fuel 42.35 psi 56.1

Bottom end impact with basket, no fuel 35.74 psi 49,4

For the case of a bottom end impact, with basket and fuel, a uniform
pressure of 2376 psi ([42.35 psill56.1 g/l g)) is applied on the
exterior surface of the bottom end of the finite element model of the
cask. This pressure value is calculated by dividing the total impact

6load ((56.1 g/l g)(250,000 lb) - 14.03 x 10 lb) by the impact area
2(n x (43.35)2 - 5903.8 in ), which is the bottom surface area of the

cask. Note that the impact pressure for the top end impact is
slightly higher than that of the bottom end impact. A small radial

. gap exists between the outer lid and the top forging, and therefore
the impact surface area for the top end impacts is reduced by them. je )

() amount of the gap surface area, as explained in Section 2.10.2.2.2.

It should be noted that the design weight of ,se cask is 250,000
pounds, which includes the weight of the empty cask (194,000 lb),
plus the weight of the cavity contents (56,000 lb). For those load
conditions for which the cask contains no fuel, the basket (design
weight - 17,000 lb) is still considered to be in the cask, resulting
in a weight of 211,000 pounds for the empty cask with basket.

5. Inertial body load - The inertial effects, which occur during the end
impact, are represented by equivalent static forces, in accordance
with D'Alembert's' principle. lortial body load includes the weight
of the empty cask (194,000 lb) and the weight of the cavity contents
(56,000 lb).

Inertia loads resulting from the weight of the empty cask are imposed
by applying an appropriate deceleration factor to the cask mass. The
applied decelerations are determined by considering the crush

(o) strength and the geometry of the impact limiters, as explained in
\ /

Q" Section 2.6.7.4.

2.7.1.1-4
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The inertial load resulting from the 56,000-pound contents design
weight is represented _as an equivalent static pressure load uniformly
applied on the interior surface of the impacting'end of the cask.
For the: load case with no fuel in the cavity, the basket (design
weight - 17,000~1b) is considered to be in the cask; the weight of
the basket is represented in the ANSYS finite element model in the
same manner as that of the contents.

'

The following is a summary of the inertial body load for a 1-g
deceleration and the design decelerations for the different loading
scenarios. The calculations of content pressures is documented in
Section 2.10.2.2.1. , ,

IMPACT PRESSURE DECELERATION

LOADING CONDITION FOR 1 m (c)

Top end impact with basket and fuel 14.14 psi 56.1

Top end impact with basket, no fuel 4.29 psi 45.9

s - Bottom end impact'with basket and fuel 14.14' psi 56.1

Bottom end impact with basket, no fuel 4.29 psi 49.4

In the ANSYS analyses, the inertial body loads are considered
-together with the impact loads. The results of'the two simultaneous
loadings are documented as " impact loads".

,

The primary stresses throughout the cask body are calculated for
individual and combined loading conditions. The individual primary

: loading conditions are: ~(1) internal pressure (including bolt preload);
-(2) top end impact (impact-load only); and (3)_ bottom end'. impact _(impact.

| load =only). The combined loading conditions for primary stress
evaluations are the: (1)'30 foot top end impact withLbolt preload and
50-psig internal pressure;-(2).30 afoot top end impact with bolt preload
and 12 psig-internal pressure; (3)-30 foot top end= impact (without
contents) with bolt preload and-12 psig internal pressure: (4)-30-foot
bottom end impact with bolt preload and 50 psig internal pressure;

O
2.7.1.1-5
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(5) 30 foot bottom end impact with bolt preload 12 psig internal
pressure; and (6) 30 foot bottom end impact (without contents) with bolt
preload and 12 psig internal pressure.

Because axisymmetry exists in the cask geometry and in the end drop
loading conditions, axisfmmetric boundary conditions are represented in
the formulation of the isoparametric elements. A longitudinal support is
imposed on the corner node located in the non-impacting end of the cask,
to prevent rigid body motion. When the cask system is in equilibrium
(i.e., the inertial body loads match the impact loads exactly), then the
reaction force at this support will be zero. An examination of the
magnitude of the reaction forces provides a check of the validity of the
finite element evaluation for the 30 foot end drop condition. The

reaction at the longitudinal support is 2582 pounds / radian for the
56.1 g top end drop load condition. This means that the unbalanced force
of the cask model system is only (2582)(26 /56.1 - 289 pounds. Compared

to the cask design weight of 250,000 pounds, the unbalanced force is
negligible, amounting to only 0.12 percent of the design weight of the

p/C cask.

The allowable stress limit criteria, for containment and noncontainment

structures, are provided in Section 2.1.2. These criteria are used to
determine the allowable stresses for each cask component, conservatively
using the maximum operating temperature within a given component to
determine the allowable stress throughout that component. Note that
higher temperatures result in lower allowable stresses. A different set
of cask component allowable stresses is determined for each of the
temperature conditions. Tables 2.10.2 5 through 2.10.2-7 document the
allowable stresa values determined for each component, for each.of the
te.nperature conditions.

Stress results for the individual loading cases of internal pressure
(including bolt preload) are documented in Tables 2.10.4-1 and
2.'10.4 2. Stress results for the individual 30-foot top and bottom end

drop impact loading cases are documented in Tables 2.10.4-13 and 2.10.4-
14 These are nodal stress summaries obtained from the finite element

( analysis results. As described in Section 2.10.4, the nodal stresses are

2.7.1.1-6
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documented on the representative section cuts. Stress results for the
combined loading conditions discussed above are documented in Tables
2.10.4 112 through 2.10.4 129. These tables document the primary,
primary membrane (P,), primary membrane plus primary bending (P, + P )'b

stresses in accordance with the criteriaand critical P, and P,+ Pb
presented in Regulatory Guide 7.6. As described in Sections 2.10.2.3 and
2.10.2.4, procedures have been implemented to document the nodal and
sectional stresses as well as to determine the critical (maximum) stress
summary for all cask components.

For the top end unpact loading case, the ma::imum calculated membrane
stress intensity is 12.6 ksi. The maximum calculated membrane plus
bending stress intensity is 34.4 ksi. By comparison, for the combined
loading case, including impact, bolt preload, and internal pressure; the
maximum calculated primary membrane stress intensity is 16.4 ksi and the
maximum calculated primary membrane plus primary bending stress intensity
is 38.5 ksi. The maximum stress intensities due to impact alone are
equal to 90 percent of the maximum primary stress intensities due to thefg

k--) combined loading. Therefore, it is concluded that the impact stresses
are the governing factor for the 30 foot end drop condition.

For the 30 foot top end drop scenario, ANSYS analyses were performed at
the three different temperature conditions. The results from those three

stress intensities are 37.1 ksi,analyses show that the maximum P,+ Pb
38.5 ksi, and 36.2 ksi.

These three stress results are essentially identical, with the difference
between them being less than 6 percent. Since the allowable stress for a
component is a function of the component temperature, with higher
temperatures resulting in lower allowable stresses, the allowable stress
will be lovest for temperature condition 1 because the highest component
temperatures occur for condition 1. As a result, the margins of safety
are smallest for the analysis for temperature condition 1. The minimum

margins of safety for the three temperature conditions are Q 1, +0.9,

11 Q, respeerively. Therefore, it is concluded that the stress results
from temperature condition 1 are the most critical for the end drop

~ \ accident conditions.[d\.
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0 A similar set of ANSYS analyses was performed for the 30 foot bottom end
drop case. The stress results follow the same pattern as the top end

stress intensities for the 30 foot bottom end-drop. The maximum P,+ Pb
drop are 22.7 ksi, 23.1 ksi, and 21.7 ksi.

As shown in Tables 2.10.4-112 through 2.10.4-129, the margins of safety
are positive for all of the end drop. accident conditions. The most
critically stressed component in the system is the inner lid, for the top
end drop. The minimum margin of safety for the top end drop-condition is
found to be .(L1, as documented in Table 2.10.4-116.- The minimum margin
of safety for the bottom end drop condition is found to be .L1, as

documented in Table 2.10.4-125.

Satisfaction of the extreme total stress intensity range limit is

demonstrated in Section 2.1.3.3. The documentation of the NAC STC

adequacy in satisfying the buckling criteria for- the stresses of the end
drop condition is presented in Section 2.10.5.

i O
(/ The NAC STC maintains.its containment capability and therefore satisfies

the requirements of'10 CFR 71.73 for the hypothetical accident 30-foot
j. end.' drop condition.

i

1

!

|
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2.7.1.2 Thirty Foot Side Droe

The NAC STC is structurally evaluated for the hypothetical accident 30-
foot side drop condition in accordance with the requirements of 10 CFR

71.73(c)(1). In this event the NAC STC, equipped with an impact limiter
over each end, falls through a distance of 30 feet onto a flat,
unyielding, horizontal surface. The cask strikes the surface in a
horizontal position; consequently, a side impact on the cask occurs. The

types of loading involved in a side drop accident are closure lid bolt
preload, internal pressure , thermal, impact load, and inertial body load.
There are three credible side impact conditions to be considered,
according to Regulatory Guide 7.8:

1. Side drop with 100'F ambient temperature, maximum decay heat load,
and maximum solar insolation.

2. Side drop with 20*F ambient temperature, maximum decay heat load,
and no solar insolation.g.

\
3. Side drop with 20*F ambient temperature, no decay heat load, and no

solar insolation.

The finite element cr. clysis method is utilized to perform the side drop
stress evaluations for the NAC-STC. The side drop accident condition is
analyzed using a enree-dimensional structural model to accurately
represent the non axisymmetric loads involved in the side drop case.
One half of the cask is modeled as a three-dimensional structure with one
plane of symmetry. The ANSYS STIF45 3 D solid element is the primary
clement type used in the model. In order to reduce the overall problem

size to satisfy the limitations of the ANSYS program and the computer
hardware, two three dimensional models have been constructed -tho top
fine mesh model and the bottom fine mesh model. A detailed description

of the three dimensional finite element models of the NAC-STC is
presented in Section 2.10.2.1.2. The top model contains a fine mesh
region at the upper half of the cask with a relatively coarse mesh at the
bottom end; the bottom model contains a fine mesh region at the bottom

f''T end with relatively coarse mesh at the top end. Both models are used in
d

!

2.7.1.2-1
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the side drop analyses to obtain the detailed stresses throughout the
cask. The stress results from the fine mesh portion of each model are
then used to form the final stress summary.

During an impact event, the cask body experiences a lateral deceleration.
Considering the cask as a free body, the impact limiters apply the load
. to the side of the cask (in.the impact limiter contact area) to produce
the deceleration.- Since the deceleration represents an amplification
factor for the inertial loading-of the cask, the equivalent static method
is. adopted to do_the impact evaluations. The analyses consider the
behavior of the cask to be linearly elastic. Additionally, fabrication
stresses are considered to be negligible (Section 2,6.11'.0).

Five categories of load closure lid bolt preload, internal pressure,
thermal, impact, and body inertia are considered on the cask:

1. Closure lid bolt preload - The required total bolt preloads on the
6inner lid bolts- and the outer lid bolts are 4.81 x 10 pounds and

D _ 5.09 x 10 pounds, respectively-(Section 2.6.7.5). Bolt preload is

applied to the model-by-imposing initial strains to the bolt shafts,
as explained _in Section 2.10.2.2.3. The initial strains applied to

the bolts are 3.034 x 10'3 inch / inch and 8 863 x 10'' inch / inch for -

. -

the inner and outer lid bolts, respectively. The bolts are modeled
as beam-(ANSYS-STIF4)' elements.

2. Internalipressure The-cask internal' pressure-is temperature'

- dependent and is evaluated in Section 3 4'.4 Pressures of 50 psig
-

and;12 psig'are applied on the interior surfaces of the cask cavity
for the hot ambient and cold ambient cases, respectively.

^ 3. Thermal - The heat-transfer analyses performed in. Sections 3.4.2 and
~3;4.3 determine the. cask temperature distributions for the following-
three combinations'of ambient temperature,~ heat load, and solar
insolation:

-Condition-1. 100'F ambient temperature, with maximum decay heat
load, and maximum solar insolation.

, . . .

2.7.1.2 2
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Condition 2. 20*F ambient temperature, with maximum decay heat
load, and no solar insolation.

Condition 3. 20'F ambient t cperature, with no decay heat load, and
no solar inso3ntion.

The cask temperatures calculated for each of the three thermal
conditions discussed above are used in the ANSYS structural analyses
to determine the values of the temperature-dependent material
properties such as modulus of elasticity, density, and Poisson's
ratio. These temperatures are also used to evaluate the thermal
stress effect on the cask.

4. Impact loads The impact loads are induced by the impact limiters
acting on the cask during a side drop condition. The impact loads
are determined from the energy absorbing characteristics of the
impact limiters, as described in Section 2.6.7.4. The impact load is

expressed in terms of the design cask weight (loaded or empty),
(g - multiplied by appropriate deceleration factors (g's). The 30-foot

side drop evaluations conservatively consider a deceleration factor'

of.55 g; the calculated deceleration value is 54.1 g, as documented
.in Section 2.6'.7.4.

The impset limiter load is applied to the finite element'model as a
distributed pressurc over the contact areas between the impact
limiters and the' cask. The contact area is defined based on the
" crush" geometry of the impact limiter. - The distribution of impact
pressure is considered to be uniform in the longitudinal direction.
-and is considered to vary sinusoidally in_the circumferential
' direction. A cosine-shaped pressure distribution is selected, which
is~ peaked at the center, and spread over a 79.4 degree arc on either
< side.of the centerline, around the circumference, as shown in Figure

, 2.10.2 32 of Section 2.10.2.2.1. The 79.4 degree arc is determined
i

l '. based on the impact limiter test results for a side drop crushi

geometry. The assumption of a " peaked" pressure distribution is a
| --- conservative, classical, stress analysis procedure. Since the center

- of gravity of the loaded cask is located within 1 inch of the cask
middle plane, the impact load is considered to be evenly divided

2.7.1.2-3
|
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between the two limiters. The impact contact area-for a side drop
accident includes the 12.03-inch overlapping region between the
impact limiter and the cask, at each end of the cask.

The calculation to determine the pressure applied to the finite
element model is documented in Section 2.10.2.2.2. The calculation
is based on a 1-g deceleration condition. The following is a summary

of the lateral impact pressures for the eight circumferential
sectors:

LATERAL IMPACT

ARC TRESSURE FOR 1 g DECELERATION

(der) (osi) (c)

0 - 8.3 163.22 55

8.3 - 17.0 150.67 55

17.0 26.2 149.'16 55

|(''s 26.2 35.8 133.98 55

\~l 35.8 - 45.9 113.17 55

45.9 - 56.5 86.69 55

56.5 67.7 54.99 55

67.7'- 79.4 18.96 55

The-impact pressures used in the 30 foot side drop analyses are
determined by_ multiplying the pressure values above by the-
deceleration factor (55 g).

-

:It should be noted that the design weight of'the cask is 250,000
pounds, which includes the weight of the empty cask (194,000 lb),
plus the weight of the cavity contents (56,000 lb). For those load
conditions in which the cask contains no fuel, the basket (design
weight - 17,000 lb) is still considered to be in the cask, resulting
-inia weight of 211,000 pounds for the cask with basket.

*

5. ' Inertia 1L body load The inertial effects that occur during the impact.
are represented by equivalent static forces, in accordance with

) D'Alembert's principle. Inertial body load includes the weight of

2.7.1.2-4
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the empty cask-(194,000 lb) and the weight of the cavity contents
(56,000 lb).

Inertia loads resulting from the weight of the empty cask are imposed
by applying an appropriate deceleration factor to the cask mass. The

applied deceleration is 55 g, and is applied as explained in the
discussion'of the impact loads.

The inertial load, resulting from the 56,000 pound contents weight,
is represented as an equivalent static pressure applied on the
interior surface of the cask. Specifically, the equivalent static
pressure is applied with a uniform distribution along the cavity
length, and with a cosine shaped distribution in the circumferent$al

.

direction. The calculation of the contents pressure, as documented

in Section 2.10.2.2.1, uses.the identical method as that-used in the
determination of the impact pressures. In the case of no fuel in the
cavity, the design weight of.the basket (17,000 lb):is considered,

n; and.is represented in the same manner as that of the contents design-

- weight. The following is a summary of the contents pressures for a
1 g deceleration, for the eight circumferential sectors:

LATERAL CONTENTS

ARC _ PRESSURE FOR 1 g DECELERATION

(dec). (osi) (c)
1

-0 8.3 6.51 55

8.3 - 17.0 6.33 55

17.0 - 26.2 5.95 55 ;

26.2 - 35.8 5.34 55

35.8 '.45.9 4.51 55

I 45.9 - 56.5 3.46 55

56.5 - 67.7-' '2.19 55

67.7 - 79.4 0.76 55

The contents pressures considered in the 30-foot = side drop analyses
are determined by multiplying the pressure values above by the,-

deceleration factor (55 g).

2.7.1.2-5
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In the ANSYS analyses, the inertial body loads are considered

~

together with the impact loads. The results of the two simultaneous
loadings are documented as " impact loads".

The stresses throughout the sask body are calculated for individual and
combined loading conditions. The individual loading conditions are '(1)
!.nternal pressure ~ (including bolt preload); and (2) 30-foot side impact
- (impact load only) .- The combined loading condition is the 30 foot side
impact with bolt preload and 50 psig inte nM pressure. This is the most
critical combined loading condition for the 30-foot side drop, as will be
shown in a discussion later in this report.

The-finite element model has one plane of symmetry in the cask geometry
and in the side drop loading conditions. Symmetric boundary conditions
ate applied to the cask finite element model by restraining the nodes on
the symmetry plane to prevent translations in the direction normal to the
symmetry plane. In addition, two nodes at the outer cask radius on the
top and bottom ends of the cask, opposite the points of impact, are

' M. restrained laterally (in the drop direction) and the node at the top-is
|

restrained in the longitudinal direction to prevent rigid body motion.
When the cask system is in equilibrium (i.e., the inertial body loads
match the impact loads. exactly), then the reaction forces at these
supports will be zero. An examination of the magnitude of the reaction
oforces provides a check of the validity of the finite element evaluation
for the 30 foot side drop condition. -The sum of reactions _in the cask
lateral direction for the bottom model is 9,465 pounds, for the
application of a 55 g load. This means'that the unbalanced force of the
cask model_ system is-only 9465/55 172.1 pounds. Compared to one half
of the de gn weight of the cask (125,000 lb), the unbalanced. force is'

negligible, amounting to only 0.1 percent.-of the design weight of the
icask. A similar check done for the top model indicates that the

!

L unbalanced force is 0.5~ percent of the design weight, which is also
negligible.

The allowable stress limit criteria, for containment an' v ncontainment
structures,'are provided in Section-2.1.2. These criter a are used to
determine the allowable stresses for each cask component, conservatively

' using the maximum operating temperature within a given component to

2.7.1.2 6
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A
V determine the allowable stress throughout that component. Note that

higher component temperatures result in lower allowable stresses. A

different set of component allowable stresses is determined for each of
the three temperature conditions. Table 2.10.2-5 documents the allowable
stress values determined for each component, for temperature condition 1.

Stress results for the individual internal pressure loading conditions
are documented in Tcbles 2,10.4 1 and 2.10.4-2. Stress results for the
individual 30 foot side impact loading condition are documented in Table

2.10.4-15 . These are the nodal stress summaries obtained from the
finite element analysis results. As described in Section 2.10.2.4.2 and
Section 2.10.4, the nodal stresses are documented on the representative

section cuts. Stress results for the combined loading condition are
documerred in Tables 2.10.4 130 through 2.10.4 140. These tables
document the primary stresses for the 0 degree circumferential location;
the primary membrane (P,) stresses for the 0 , 45,9 , 91.7 , and the 180-
cogree circumferential locations, the primary membrane plus primary
benUng (P, + P ) stresses for the 0 , 45.9 , 91.7 , and the 180-degreeb
circumferential locations, and the critical P,and critical P,+ Pbv
stresses -in accordance with the criteria presented in Regulatory Guide
7.6. The stress results on the 0 , 45.9 , 91.7 , and the 180-degree
circumferential locations document the stress variation in the
circumferential direction. The circumferential locations are illustrated
in Figure 2.10.2 8. As described in Sections 2.10.2.3 and 2.10.2.4,

procedures have been implemented to document the nodal and sectional
stresses as well as to determine the critical stress summary for all cask
components.

Each of the stress summary tables are prepared by considering the stress
results of two analp is runs, the first using the top fine mesh model and
the second using the bottom fin mash model. The stress results from the
fine mesh portion of each model are used to form the nodal and sectional
stress summaries. For the critical stress summaries, stresses for the

top forging, inner lid and outer lid are oetermined from the top fine
mesh model results; stresses for the bottom plate and the bottom forging
are calculated from the bottom fine mesh model results; stresses for the

O inner shell, the transition sections, and the outer shell are determined
as the larger of the stress results from both models. In order to

2.7.1.2-7
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b)
justify the use of stress results from both models for the side drop
evaluation, comparisons are made on the combined loading (impact plus
internal pressure) stress results from the two models, at the middle
section of the cask (Sections L and M in Figure 2.10.2 34, axial location

of 96.15 inches frou cask bottom). On the 0 degree, 45 degree, and 90-
degree circumfere;'tial locations, the stress results from the two models
show good agreement, with a difference of less than 10 percent. On the

1.80 degree circumferential location, where stresses are lower, the stress
results from the two models are still reasonably comparable, with a
difference of less than 15 percent. An additional check is performed for
sections J and K (axial location of 54.90 inches), and sections N and O

(axial location of 137.40 inches), which are about 40 inches away from

the center of the cask (Figure 2.10.2-34). The stress resu? ~a from the
two models also show good agreement at these sections, with a difference
of less than 10 percent for the 0 degree, 45.9-degree and 90-degree

( circumferential locations. Therefore, it is concluded that the combined

stress results from the top fine mesh model and the bottom fine mesh

p model for the 30 foot side drop condition are valid and conservative,

b
There are three temperature conditions to be considered in the side drop
evaluation. In order to determine the most critical temperature

condition, two parametric studies are performed for the NAC STC, using
the three dimensional bottom fine mesh model. The first parametric study

compares the stress results for temperature condition 1 and temperature
condition 2. The combined loading stress results show that the maximum
stress intensities for conditions 1 and 2 are 34.1 kai and 34.0 ksi,

respectively. Since allowable stress is a function of temperature,

higher component temperatures result in lower allowable stresses. The

minimum margins of safety for conditions 1 and 2 are +0.87 and +0.93,
respectively. It is, therefore, concluded that condition 1 is more

critical than condition 2. The second parametric study compares the
stress results between the analyses of conditioni 1 and 3. The stress

results indicate that the minimum margins of safety for temperature

conditions 1 and 3 are +0,87 and +1.67., respectively. Therefore,

condition 1 is more critical than condition 3. It is concluded, from the

OV
2.7.1.2 8
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dies, that condition 1 is the most
t

|0 stress results of the parametric stu Therefore , only the
ondition. side drop are

critical for the side drop accident cdition 1 for the 30 foot
stress results for temperature conhis section.
provided in the stress tables of t

itical stress for the impact
is worthwhile to mention that the most crloading condition are

loading condition and that for the primaryi um difference of 3 percent.
ThereforeIt

he governing factor, foressentially identical, with a max m
is concluded that the impact stresses are t

it

the 30 foot side drop condition.
stress summaries (Tables

shown in the critical P ,and P ,+ P es for most of the caskb

the critical stress
2.10.4-133 and 2.10.4 134), ferential location, which contains
As

for the cask inner shell,i

components occur on the 0 degree c rcumIt is also observed that,re located on the circumferentialthe line of impact.
the maximum calculated stresses a This is because thei

locations in the 56.5- to 67.7-degree reg on.d near the 56.5-de5ree
maximan shearing stresses are locate

O circumferential location.
0 4 134, the margins of safety are

2.10.4 133 and 2.1 . -drop accident conditions.
The most

As shown in Tables
positive for all of the 30 foot side

The
in the system is the top forging.

critically stressed component ide drop condition is found to be
+_0_3,

minimum margin of safety for the s
2.10.4 134.

as documented in Table
intensity range limit is

Satisfaction of the extreme total stress
demonstrated in Section 2.1.3.3.

NAC STC to satisfy the buckling
The documentation of the adequacy of theido drop condition is presented in
criteria for the stresses of the s
Section 2.10.5.

bility and, therefore,
The NAC STC maintains its containment capa71.73 for the 30 foot side drop
satisfies the requirements of 10 CFR
hypothetical accident condition.

#
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2.7.1.3 Thirev-Foot Corner Droo

.

The NAC-STC is structurally evaluated for the hypothetical accident
30 foot corner drop condition in accordance with the requirements of

-10 CFR 71.73(c)(1). In this event the NAC STC, equipped with an impact'

limiter over each end, falls through a distance of 30 feet onto a flat,
unyielding, horizontal surface. The cask strikes the surface on its top
or bottom corner. The cask center of gravity is directly above the
initial impact point for the corner drop condition. For the NAC-STC, an

angle of 24 degrees from vertical is calculated for the corner drop
'

orientation. The types of loading involved in a corner drop accident are
closure lid bolt preload, internal pressure, thermal, impact load, and
inertial body load. There are six credible corner impact conditions to
be considered, according to Regulatory guide 7s8:

1. Top corner drop with 100*F ambient temperature, maximum decay heat
load, and maximum solar insolation.

2. Top. corner drop with 20*F ambient temperature, maximum decay heat

[
load, and no solar insolation.

3. Top corner drop with 20*F ambient temperature, no decay heat load,
and no solar insolation.

4 Bottom corner drop with 100*F ambient temperature, maximum decay heat
load, and maximum solar insolation.

| 5. Bottom corner drop with 20*F ambient temperature, maximum decay heat
load, and no solar insolation.

6. Bottom corner drop with 2C F ambient temperature, no decay heat
load,-and no solar insolation.

The finite element analysis method is utilized to perform the corner drop
stress evaluations for the NAC STC. The corner drop accident conditions
are analyzed using a three-dimensional structural model to accurately
represent the non axisymmetric loeds involved in the corner drop case.
One half of the cask is modeled as a three-dimensional structure with one~

2.~.1.3-1
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plane of symmetry. The ANSYS ST1F45 3 D solid element ty, .s used in

the model. Two finite element models are :enstructed; a top fire mesh
mode) and a bottom fine mesh model. Each model is a complete

representation of the casP, with a fine me.sh rega n at the impacting end
and with a relatively coarse mesh at the opposite end. The fine element
mesh is medeled at the impacting end of the cask to provide detailed
results in that region. The stresses predi.cted by the coarse eleannt
mesh at the non impacting end of the mods 1 are not critical, so lecs
detail is required. The detailed descriptions of the three dimensional
finite element models of the NAC STC are described in Section 2.10.2.1.2.

D". ring an impact evens, the cask body will experience a deceleration in
the corner drop direction. Considering the cask as a free body, the
impact limiter will apply the load to the cash impacting corner to
produce the deceleration. Since the deceler.ation represents an
amplification factor for the inertial loading of the cask, the equivalent
static method is adopted to do the impact evaluations. The analyses
consider the behavior of the cask to be linuar elastic. Additionally, the

(q fabrication stresses are considered to be negligible (Section 2.6.11.0)./

Five categories of load - closure lid bolt preload, internal pressure,i

thermal, impact, and body inertia are considered on the cask:

1. Closure lid bolt preload The required total bolt preloads on the
6inner lid bolts and the outer lid bolts .are 4.81 x 10 pounds and

55.09 x 10 pounds, respectively (Section 2.6.7.5). Bolt preload is

applied to the model by imposing initial strains to the bolt shafts,
as explained in Section 2.10.2.2.3. The initial strains applied to

the bolts are 3.034 x 10*3 inch / inch and 8.863 x 10'' inch / inch for
the inner and outer lid bolts, respectively. The bolts are modeled

as beam (ANSYS STIF4) elements.

2. Internal pressure - The cask internal pressure is temperature
|

j dependent and is evaluated in Section 3.4.4. Pressures of 50 psig

f
and 12 psig are applied on the interior surfaces of the cask cavity

! for the hot ambient and cold ambient caser, respectively.

O
2.7.1.3 2
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3. Thermal The heat transfer analyses performed in Sections 3.4.2 and
3.4.3 determine the cash temperature distributions for the following
three combinations of ambient temperature, heat load, and solar
insolation:

Condition 1. 100'F ambient temperature, with maximum decay heat
load, and maximum solar insolation.

Condition 2. -20'F ambient temperature, with maximum decay heat
load, and no solar insolation.

Condition 3. -20'F ambient temperature, with no decay heat load, and
no solar insolation.

The cask temperature distributions, calculated for each of t5e three
thermal conditions, are used in the ANSYS structural analyses to
determine the values of the temperature dependent material properties
such as modulus of elasticity, density, and Poisson's ratio. These

V temperatures are also used to evaluate the thermal stress effect on
the cask.

4. Impact loads - The impact loads are produced by the impact limiter
ac Ang on the cask corner during a corner drop condition. The impact
loads are determined from the energy absorbing characteristics of the
impact limiters, as described in Section 2.6.7.4. The impact load is
expressed in terms of the design cask weight (loaded or empty),
multiplied by an appropriate deceleration factor (g's). The design

deceleration factor of ',5 g is used for both top and bottom corner

|
drops. This compares to the actual deceleration factors of 41,4 g,
and 40.4 g, as documented in Section 2.6.7.4.

j

:

| The impact loads for the corner drcp analyses have lateral and
l longitudinal components, which are calculated from the total impact

loads. The lateral component is distributed as a pressure with a
circumferential distribution (similar to the side drop pressure) over

an arc of 0 to 79.4 degrees on each side of the impact centerline

2.7.1.3 3
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O
(Section 2.10.2.2.2). The longitudinal component has a uniform i

,

l distribution on a sector of the impacting end of the cask, over the
I same arc of 0 to 79.4 degrees on each side of the impact centerline,

h
Section 2.10.2.2.2 documente the impact pressures for a cask design
weight of 250,000 pounds and an impact limiter contact length of

;

24.06 inches (12.03 inwhos at each end). In the corner drop case the
impact energy is absorbed by only one impact limiter and, hence, the
corner drop lateral impact pressures are determined by multiplying
the side drop impact limiter by 2 (to account for only half as much
impact limiter area), and by multiplying by the sine of the drop
angle. For example, the corner drop lateral impact pressure, for the
elemen's located between the O. and 8.29 degree circumferential
planes, is:

Presst - (163.22)(2)(sin 24') - 132.78 psi for 1 g ,

7003.0 psi for SS gPress 55 - (132.78)(55 g/l g) -

4

The following is a summary of the lateral impact ptessures, for thes

elements.at the various circumferential location.a. for a 1 g
deceleration:

'1ATERA1, IMPACT

ARC PRESSURE FOR 1 g DECE1.ERATION

(der) (esi) (1) ,

.

D

0 - 8.3 132.78 55

8.3 17.0 129.07 55

17.0 26.2 121.26 55

26.2 35.8 108.99 55

35.8 45.9 92.06 55

45.9 56.5 70.52 55

56.5 67.7 44.73 55

67.7 -79.4 15.42- 55

-
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The longitudinal impact pressure is calculated as the cosine
component of the total impact load, divided by the sector area within
the O to 79.4 degree arc. Therefore:

Weight - 250,000 lb )
2

- (79.4/180)(vr)(43.35)2 - 2604 inArea

Press - (250,000)(cos 24*)/2604 - 87.70 psi for 1 l.y

Press 55 - (87.70)(55 g/l g) - 4824,0 psi for Si g

It should be noted that the design weight of the cask is 2.50,000
pounds, which indudes the weight of the empty cask (194,000 lb) plus
the weight of the cavity contents (56,000 lb).

5. Inertial body load The inartial effects that occur during the

impact are represented by equivalent static forces, in accordance
with D'Alembert's principle. Inertial body load includes the weight
of the empty cask (194,000 lb) and the weight of the cavity contents

n (56,000 lb).

Inertia loads result.ng from the weight of the empty cask are imposed
by applying an appropriate deceleration factor to the cask mass. The
lateral and longitudinal components of inertial loading are
deterrnined in the same manner as for the impact loading.

The inertial load resulting from the 56,000 pound contents weight is
represented as an equivalent static pressure load with both lateral
and longitudinal components applied on the interior surface of the
cask. The lateral component is applied to the cask model with the
same circumferential distribution as that for the side drcp pressure

(over an arc of O' to 79.4' on each side of the impact centerline).
The lateral component pressure is determined by ratioing the side
drop contents pressure values (Section 2.10.2.2.1) by the
deceleration factor and by the sine of the drop orientation angle.
The longitudinal component has a uniforta distribution over the cask
cavity end. The longitudinal component pressure is calculated by

OV,

2.7.1.3 5
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ratioing the end drop contents pressure by the deceleration factor
and by the cosine of the drop orientation angle. The total
deceleration factor is constant at 55 g for both the top and the
bottom corner drops.

Section 2.10.2.2.1 contains the side drop contents pressures for a
total contents weight of 56,000 pounds. The corner drop lateral
contents pressure for the elements located between the O and 8.29-
degree circumferential planes is therefore:

Press - (6.51)(sin 24') - 2.65 psi for 1 g
y

Press 55 - (2.65)(55 g/l g) - 146.0 psi for 55 g

The following is a summary of the applied lateral contents pressures,
for the elements at the various circumferential locations, for a 1 g
deceleration.

A LATERAL CONTENTS

ARC PRESSURE FOR 1 g DECELERATION

(der) (esi) (r)

0 - 8.3 2.65 55

8.3 17.0 2.57 55

17.0 26.2 2.42 55

26.2 35.8 2.17 55

53.8 45.9 1.83 55

45.9 - 56.5 1,41 55

56.5 67.7 0.89 55

67.7 - 79.4 0.31 55

The longitudinal contents pressure is calculated from the
longitudinal component of the total contents weight and the area over-
which it acts. Therefore:'

'Jaight - 56,000 lb
2

- (x)(35.5)2 - 3959 inArea

Press - (56,000)(cos 24')/3959 - 12.92 psi for 1 g
1

Press 5 - (12.92)(55 g/l g) - 711.0 psi for 55 g""

5;

I

2.7.1.3 6
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i
In the ANSYS analyses, the inertial body loads are considered
together with the impact loads. The results of the two simultaneous'

loadings are documented as " impact loads".
i

The stresses throughout the cask body are calculated for individual and
combined loading conditions. The individual loading conditions are:
(1) internal pressure-(including bolt preload); (2) 30 foot drop top
corner impact (impact load only); and (3) 30 foot drop bottom corner
impact (impact load only). The combined loading conditions are: (1) the
30 foot drop top corner impact with bolt preload and 50 psig internal
pressure and (2) the 30 foot drop bottom corner impact with bolt preload
and 50 psig internal pressure.

The model has one~ plane of symmetry in the cask geometry and in the
corner drop loading conditions. Symmetric boundary conditions are
applied to the cask finite element model by restraining the nodes on the
symmetry plane to prevent translations in the direction normal to the

f-~ symmetry plane. In addition, two nodes at the outer cask radius on the
' top and bottom ends of the cask opposite the point of impact are

restrained laterally; a longitudinal restraint is applied at one of the
nodes opposite the end of impact, i.e., a bottom corner drop is axially
restrained at the top node, and vice versa. These lateral and axial
restraints are only to prevent rigid body motion; there should be no
significant reaction forces associated with these restraints. When the

cask system is in equilibrium (i.e., the inertial body loads match the
impact loads exactly), then the r; action forces at these supports will be
zero. However, it is difiicult to balance the impact limiter pressure
resultant with the contents pressure and inercial body load resultant.
An eccentricity between the two resultants induces a moment on the cask
model. Therefore, non zero reactions are found at the restraints. The
reaction forces cause very high localized stresses (or stress
singularities) in-the model at the supports. These acrosses are-
unrealistic and do not existLin the real cask. Tie stress singularity

effect is minimized by distributing the reaction forces over the nodes in
the top and bottom regions of the model. For.the bottom corner drop, the

reactions at the supports are 612 pounds laterally and zero

Ow
longitudinally, for the application of a 55.g deceleration. This means

that the unbalanced force of the cask model system is only 612/55 - 11.1

2.7.1.3 7
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O pounds. Compared to one half of the design weight of the cask (125,000
lb), the unbalanced force is negligible, amounting to only 0.009 percent |
of the design weight of the cask. For the top corner drop, the reactions
at the supports are 511 pounds laterally and zero longitudinally, for the
application of a 55 g deceleration. This means that the unbalanced force
of the cask modei system is only $11/55 - 9.3 pounds. Compared to ene-

half of the design weight of the cask (125,000 lb), the unbalanced force
is negligible, amounting to only 0.007 percent of the design weight of
the cask.

The allowable stress limit criteria, for containment and non containment

structures, are provided in Section 2.1.2. These criteria are used to
determined the allowable stresses for each cask component, conservatively
using the maximum transport temperature within a given component to
determine the allowable stress throughout that component. Note that
higher component temperatures result in lower allowable stresses. Table

2.10.2 5 documents the allowable stress values determined for each
component, for temperature condition 1.

Stress results for the individual loading cases of internal pressure
(including bolt preload) are documented in Tables 2.10.4 1 and 2.10.4 2A.
Stress results for the individual 30 foot top and bottone corner drop
impact loading cases are documented in Tables 2.10.4 16 and 2.10.4 41A.
These are the nodal stress summaries obtained from the finite element
analysis results. As described in Section 2.10.2.4.2 and Section 2.10.4,
the nodal stresses are documented on the representative section cuts.
Stress results for the combined loading conditions discussed above are
documenced in Tables 2.10.4-141 and 2.10.4 152. All of the corner drop
analyses are performed at temperature condition 1. The results from
Sections 2.7.1.1 and 2.7.1.2 indicate that the stresses associated with
temperature condition 1 yield the smallest margins of safety due to the
effect of higher temperatures upon the allowable strass'as.

These tables document the primary, primary membrane (b,), primary
membrane plus primary bending (P, + P ), and critical P, and P,+ Pbb

2.7.1.3 8
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!
stresses in accordance with the criteria presented in Regulatory Guide
7.6. As described in Section 2.10.2.3 and 2.10.2.4, procedures have been
implemented to document the nodal and sectional stresses as well as to
determine the critical stress summary for all cask components.'

stresses documented in Tables 2.10.4 142 throughThe P, and the P,+ Pb
2.10,4-151 and 2.10.4 146 through 2.10.4 162 are stress results on the
0., 45.9 , 91.7., and the 180 degree circumferential locations. They
indicate that the stress variations in the circumferential direction are
similar between the top and the bottom corner drops. Furthermore, it is
observed that the maximum calculated stresses are located on the,

circumferential locations in the 45.9 to 67.7-degree region. This is
because the maximum shearing stresses are located near the 56.5 degree ,

cir :umferential location. This shear stress, which is in the axial to

circumferential location, is caused by the cantilever support from the
impact limiter pressures and is compounded by the uneven distribution of
the impact limiter and of the contents pressure loading.

The top corner drop cases result in higher maximum stress intensities
than the bottom corner drop-cases. For the individual impact loading

'

cases, the maximum calculated membrane stress intensity for the top
corner drop is 33.7 ksi. The maximum calculated membrane plus bending
stress intensity is 52.8 ksi. By comparison, for the combined loading
case, including impact, bolt preload, and internal pressure, the maximum-

calculated P, stress intensity is 33.4 kai and the maximum calculated
'

stress intensity is 51.8 ksi. The nr.:idmum stress intensity dueP, + Pb
to impact alone is 1.9 percent greater than the maximum stress
intensities due to the combined loading. Therefore it is concluded that
the impact case is the governing one for the 30 foot corner drop

| condition.
|

As shown in Tables 2.10.4 141 through 2.10.4 152, the margins of safety
are positive for all of the corner drop accident conditions. The most
critically stressed component is the inner lid for the top corner drop,

j and is the bottom forging for the bottom corner drop. The minimur - gin

O
'

2.7.1.3 9
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O
of safety for the top corner drop condition is found to be + 0.4, as

documented in Table 2.10.4 145. The minimum margin of safety for the
bottom corner drop condition is found to be t Q d as documented in Table
2.10.4 156.

Satisfaction of the extreme total stress intensity range limit is
demonstrated in Section 2.3.3.3.

The documentation of the adequacy of the NAC STC to satisfy the buckling
criteria for the stresses of the corner drop condition is presented in
Section 2.10.5.

The NAC STC maintains its containmant capability and, therefore,
satisfies the requirements of 10 CFR 71.72 for the 30 foot corner drop
hypothetical accident condition.

s

O
2. 7.1. 3 "1
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2.10.0 Antendices

2.10,1 Comeuter Procram Descrietions |

1

,

The structural evaluation of the NAC STC body, closure lids, basket and
impact limiters is acconylished using two computer codes, ANSYS and
RBCUBED. Each program is described in the following sections.

2.10.1.1 ANSYS

'

The structural analysis of the main body, the closure lids, and the
basket of the NAC STC is performed by the finite element analysis method
using the ANSYS structural enalysis computer program. The ANSYS computer

program is a large scale, general purpose computer program for the
solution of several classes of engineering analyses that include, static

and dynamic; elastic, plastic, creep and swelling; buckling; and small
and large deflections. The matrix displacement method of analysis based

- on finite element idealization is employed throughout the program. The'

large variety of element types available gives ANSYS the capability of
analyzing'two dimensional and three dimensional frame structures, piping
systems, two dimensional plane and axisymmetric. solids, three dimensional
solids, flat plates, axisymmetric and three dimensional shells, and
nonlinear problems, including gap element interfaces. A two dimensional
axisymmetric model and two three dimensional models, a top fine model and
a bottom fine ~model, are used in the analysis of the NAC STC. The

interface gap elements provide the capability of realistic modeling and
evaluation of the interactions between the lead layer and the surrounding
stainless steel shells; between the top forging, iner lid,- and outer

lid; and between the neutron shield material and the steel in the inner

lid and in the bottom of the cask.

Typically, the ANSYS program is run by sequential implementation of three
options: pre processing (or model building); analysis (calculation of
stiffness matrix, displacements and reaction forces solution, element
stresses); and post processing (selection of analysis results). Each

! option may be'run in the interactive or batch mode computer environment.

"O -

2.10.1 1
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The ANSYS preprocessing routine (PREP 7) is used to construct the finite
element mesh, describe each cask component material (temperature.
dependent) property, assign unique identifiers for cask components, model
displacement boundary conditions and prescribe temperature, point loads,
or surface tractions of appropriate element faces or nodes. The PREP 7

graphics option is a valuable tool that permits the user to check the
model for completeness. The ANSYS analysis option uscs the PREP 7 file to
generate a solution file and to provide a user oriented printout of the
solution phase. In general, aach solution provides a complete echo of
the model input data, model displacement sclution, element stresses,
nodal forces, reaction forces, and any warnings or errors related to the

analysis.

A variety of ANSYS post processors (for example. Posti) utilize the
solution file to soie, print, or plot selected results from the ANSYS

at.alys is . The post processors can provide many useful features including
a maxitnum set of variables (such as stress components or displacements)
or sectional stresser along a designated path. Additionally, the

structural behavior can be viewed by model displacement and stress
contour plots.

2.10.1.2 RBCUBED - A Procram to Calculate Imonet Limiter Dynamics

RBCUBED is an impact limiter analysis computer program developed by NAC
(Hardeman) and used in the NAC STC impact limiter analyses. RBCUBED

utilis:es quasi static methodology; that is, each iteration freezes an
instarA in time during which all calculations are performed, and then,
proceeds to the next time increment. The methodology employed in the
program sizes the impact limiter and calculates the deceleration forces
used to calculate the stresses imposed on the cask structure, but does

not implement any load factor. There are several assumptious that are

attendant to this methodology:

1. . Gravity is the only force that acts on the cask during free fall.
W 'le falling, the cask is translating vertically and continues to do

so until the initial (first) impacting end has been brought to rest.

2.10.1 2
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In oblique and side drop cases, after the first end has been stopped,
the cask rotates until the second limiter strikes the unyielding

surface and absorbs the remaining kinetic energy.

2. There is no sliding or lateral motion of the cask at any time during

the impact (s).

3. The cask weight includes the impact limiters, but the length o,f the
cask does not.

4. The deceleration force generated during crushing of the isotropic
energy absorption material acts at the centroid of the area engaged
in crushing, for that increment in time.

5. Crushin8 of the energy absorption material occurs from the outside
toward the cask body.

6. The component of the cask weight actin 5 downward and the crush force
! acting upward are assumed to act colinearly. The magnitude of the

weight component is very small compared to the crush force.

7. The impact limiter material that is not between the cask and the
unyielding surface does not absorb any kinetic energy, The

extraneous limiter material is ineffective for the purposes of this
|

impact limiter analysis.

RBCUBED is capable of analyzing any c.ask impact orientation from vertical
(O') to horizontal (90'),

1

The input data for RBCUBED includes the followib6: (1) height of drop;

(2) weight of cask system; (3) cask length; (4) impact orientation angle;
(5) deflection increment; (6) material crush properties (stress strain

curve or force deflection curve); and (7) impact limiter geometry.

Geometric modeling of the impact limiter is performed using combinatorial
geometry based on the MORSE CG computer program.

O
2.10.1 3
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: O |
The output data from RSCUBED includes the following: (1) a verbatim !

;

! input return; (2) a processed input of general problem parameters and
material properties; (3) rhe results of the RBCUBED execution-- '

deflection; (4) resultant force; (5) remaining kinetic energy;
;

(6) velocity; (7) elapsed time since the beginning of impact; (8) area
' currently involved in crushing; and (9) a series of crush " footprints" at
4 crush intervals of one inch.

The computer program, RBCUBED A Program to Calculate Impact Limiter
Dynamics, was benchmarked for validity by comparison of analysis results
to manual calculations using crush areas determined by drafting methods,

i

|
,.

O

i

t

i.

O.

|. ,

i-
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i '

A two dimensional axisymmetric model is used for the axisymmetric loading
cases, which include internal pressure, thermal heat load, end drop on
top, and end drop on the bottom. The two dimensional axisymmetric model
ir described in Section 2.10.2.1.1.

The other two models are three-dimensional, so that they can properly
analyze non axisymmetric loading conditions, which include gravity (with

j the cask in the horizontal positio .$, the side drop impact, the corner

drop impacts, and the oblique drop impacts. The three dimensional models
are described in Section 2.10.2.1.2.

2.10.2.1.1 Two Dimensional Axisvmmetric Model

The ANSYS PREP 7 routine is used to generate the finite element model of

| the NAC STC. Dimensions used in the development of the model are
obtained from Nuclear Assurance Corporation Cask Assembly Drawings 423-
602 through 423 605. Because of the axisymmetrie geometry of the cask,

O several of the loading conditions, can be effectively analyzed using a
two dimensional axisymmetric model. These cc ,ditions include boltv

preload, internal pressure, thermal expansion, and drops on both the
bottom and the top ends of the cask.

The two dimensional finite element model of the NAC-STC is constructed of
3083 nodes _and 2842 elements. Care is t. ken when developing the model to
maintain adequate mesh density and aspect ratio for the elements _in order
to minimize any numerical inaccuracies that.might result from the finite
element method.

|

The cask components that are considered in the ANSYS model include the
inner lid, the outer lid, the bolting for each of the lids, the top

forging,-the inner shell, the transition sections, and the outer shell,

the-lead-shell, the bottom forging, the bottom plate, and the BISCO NS4FR
material in the bottom and in the inner lid.

ANSYS STIF3, STIF12, and STIF42 elements are used to construct the two-
~ dimensional finite element model of the NAC STC. The overall view of the
model is shown in Figure 2.10.2 1. Detailed plots showing node numbering

2.10.2 2
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'

2.10.2 Finite Element Analysis

2.10.2.1 Model Deserdotions

The finite element analysis technique is well suited for the evaluation
of the axisymmetric cask body structure, especially with respect to the
following: (1) the interaction between the lead layer and the stainless
steel shells; (2) the interaction between the internal neutron shield
layers and the surrounding steel in the inner lid and the bottom forging;
(3) the discontinuity effects at the shell and bottom forging
intersections; and (4) the interaction of the top forgin6 and the bolted
lids in the vicinity of the closure. Furthermore, finite element

analysis must consider (1) the stresses in the inner nd outer shells
induced by the lateral pressure loading from the lead during the 30 foot
drop conditions; (2) the differential thernal expansion of the lead layer
and the stainless steel shells under both hot and cold temperature

conditions; and (3) the fact that no physical bonding s.ists between the
lead and the surrounding stainless steel.

eO
The finite element models of the NAC STC body are generated utilizing the
ANSYS PREP 7 routine. The aspect ratio of finite elements and the density
of the geometric mesh is carefully arranged, especially at the locations
of geometric discontinuities and force boundaries, to minimize the

i .
possibility.of numerical inaccuracies in the finite element method,

l
i

The cask components considered in the finite element models include the
cask inner lid and outer lids; the top forging; the BISCO NS4FR neutron
shield layer in the inner lid; the inner shell, transition sections, and
outer shell; the lead layer; the bottom forging; the bottom plate;.and
the BISCO NS4FR neutron shield layer in the bottom.

Due to the complexity of the cask geometry and the 1c iding conditions, it

| is apparent that one model is not sufficiently accurate to characterize
all loading conditions and still be of a manageable size for available
computer resources; therefore, three' separate models are used to perform
the analysis of the NAC STC.

/~'N
V

2,10.2 1
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O patterns and the mesh arrangements in the different regions of the model
are included in Figures 2.10.2-2 through 2.10.2 7.

ANSYS STIF42 elements, which are two dimensional, axisymmetric,
isoparametric solid elements, are used to model all of the cask
components except the bolts, the interfaces between the lead and the
steel, and the interfaces between the neutron shield material and the

steel. The bolts are modeled using ANSYS STIF3 elements, which are two-
dimensional beam elements. The section properties of the bolts are

entered on a *per radian" basis. The bolt preload is included in the
model by applying an initial strain to the bolt shaft, which connects the
bolt head to the threaded portions of the cask. The initial strain for

the inner lid bolts is 3.034 x 10*3 inch / inch. The initial strain for
d

the outer lid bolts is 8.8633 x 10 inch / inch. Beams representing the
bolt heads and the portien of the bolts threaded into the cask do not
have an initial strain applied. For a detailed description of how the

bolts are modeled, and how the initial strain is determined, see section

2.10.2.2.3.
/3
V

The " gap" element. STIF12, represents two surfaces that may maintain or
break physical contact and may slide relative to aach other. Such

surfaces exist between: (1) the lead shell and the inner and outer
stainless steel. shells, (2) the neutron shield and the cask bottom,

(3) the neutron shield and the inner lid, (4) the inner lid, and the

|
outer lid, (5) the inner lid and the cask, and (6) the outer lid and the

cask. Note that the gap element is only capable of supporting
compression in the direction normal to the surfaces and friction in the
tangential direction.

Cap elements completely surround the lead shell in the cask wall. If

there is contact between the lead and the stainless steel surfaces, the

gap elements transmit compressive load, but permit no tensile load
| between the lead and the stainless steel. This means that the gap

elements allow the lead to :nove freely inside the space surrounded by the

stainless steel. When a deceleration is imposed on the entire mass of

l the cask model to simulate the inertial effect of a drop impact

O
2.10.2-3
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O
condition, the deceleration causes the lead to slump and, consequently,-

creates a lateral pressure on the inner and the outer shells along the
lead /shell interfaces.

iSimilari1C d r.e the lead has a higher coefficient of thermal expansion
than the s . y.14ss steel, the lead will incur larger thermal expansions
and contractions than the stainless steel inner and outer shells; and

thus, may be restrained by those shells. The gap element again allows
the lead to move freely inside the annulus between the inner and the
outer shells. Pressures resulting from the thermal expansion restraints
develop wherever the lead contacts the stainless steel shells.

Thus, accurate modeling is achieved for the lead slump during an impact
load condition and for the differential thermal expansicns and

contractions during temperature excursions.

In F1 ure 2.10.2-1, the elements representiny,the lead shell and the5

neutron shield layers are intentionally not shown, in order to improve
the clarity of the mesh in the stainless steel components.'

8-A-gap element stiffness of 3.0 x 10 psi, approximately 10 times greater
than the cask stiffness, is specified to maintain the boundaries between'

the lead / steel and neutron shield /, teel surfaces. Similar gap elements
are used to model the interfaces between the lids and the top forging.

The-initial radial gap between the lead shell and the outer shell is
calculated to be 0.0428 inch.

The neutron shield that is located around the outer shell of the cask
along the length of the cask cavity is not modeled because its structural
rigidity is conservatively ignored in the structural analyses of the
cask. However, its weight effects are included in the model by using an
increased effective density in the re5 on of the cask between the top _of1

the bottom forging and the bottom of the inner lid. Modification of the
density of this portion of the cask allows the overall weight of the

'

empty cask to be adjusted to the proper value. Minor density changes are
also made to the bottom end forging and bottom plate to allow for proper

2.10.2-4
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O
center of gravity location. The mass of the upper impact limiter is
distributed to the top end of the cask by increasing the density of the
lids and top forging. The mass of the lower impact limiter is

distributed to the cask bottom by increasing the density of the bottom
forgin6 and bottom plate. The resulting cask total weight (including
impact limiters) and center of gravity are then verified by an ANSYS
check run.

The material properties used in the stress analyses include the elastic
' modulus, the Poisson's ratio, the density and the coefficient of thermal

expansion. The elastic modulii and coefficients of thermal expansion are !

functions of temperature. They are represented by a table of material
property values at various temperatures. The material property
evaluation for each element is performed by linear interpolation of the
tabular data at the element average or integration point temperatures.
Therma 1' expansion is computed relative to a reference temperature
(assumed to be 70'T for this analysis). The material property values
used are given in Section 2.3.

The temperature distributions used are those computed in Sections 3.4.2
and 3.4.3. The nodal temperatures in the structural model are determined
from the results of the thermal analysis which is performed using the
HEATING 5 computer program. The temperature distribution is considered to
to be constant around the circumference.

Stability of the finite element analysis requires that one node on the
model be restrained in the cask longitudinal (axial) direction to prevent

,.

any vertical rigid body motion. Node 7332,' located at the top outside-
corner, is axially restrained for the pressure, thermal, and bottom and -

| impact cases (see Figure 2.10.2-6). Node'360, located at the bottom

outside corner, is axially restrained for the top end impact case (see-
Figure 2.10.2 2).

2.10.2.1.2 Three-Dimensional Finite Element Models

.

There are a number of loading conditions that can only be characterized
by a three dimensional finite _ element analysis. In order to reduce the

! - O
,

overall problem size, two three-dimensional'models are developed:

2.10.2 5
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O (1) the top fine mesh model, to be used in the stress evaluations for thebe used in
top half of the cask; and (2) the bottom fine mesh model, toIn fact, both

the stress evaluations for the bottom half of tne cask. k is
models are complete representations of the cask, since the entire cas

The top fine mesh model contains a very detailed representationmodeled. ld
of the top end of the cask, while the bottom end of the cask is mode e

The top fine mesh model is used in those
using a coarser mesh density.
analyses that are expected to produce larger stresses in the top half of

Similarily, the bottom fine mesh model contains a verythe cask.
detailed representation of the bottom end region of the cask, while theThe bottom
upper end of the cask is modeled with a coarser mesh density.
fine mesh model is used in those analyses that are expected to produce
larger stresses in the bottom half of the cask.

For the side drop analysis, both the top and bottom fine mesh models are
used separately to obtain the detailed stresses in the upper and lower

The stress summary for the entire
portions of the NAC STC, respectively. The oblique drop analyses
cask combines the results of the two runs.

O use the fine mesh model for the impacting end of the cask.

The two three-dimensional models are constructed by first creating a mesh
representing a two dimensional plane of the cask, and then revolving that
mesh 180 degrees around the axis of symmetry of the cack to create a

This half model of the cask is adequate
model of one half of the cask.
for the drop analyses, because the cask geometry and the imposed loads
are also symmetri. about the midplane of the cask. The plane of symmetryd
is chosen to pass through the line of impact in the side, corner, an

Symmetry boundary conditions (i.e., no translationsoblique drop cases.
normal to the plane of symmetry), are imposed on all nodes on the plane
of symmetry.

Hesh adequacy in the circumferential direction is ensured by first then
reviewing the ANSYS reference manual for a recommended mesh size,
adapting a non uniform circumferential element size to accurately captureFinally, a parametric study of
the high stresses in the impact region.
mesh density is performed to verify the validity of the chosen mesh
arrangement.

2.10.2 6
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The ANSYS reference manual recommends a 15-degree circumierential mesh

increment for shell structures. A minimum of twelve (180/15)
circumferential elements would be required to model a 180 degree surface,
according to this criteria. Since the region of impact will have much
higher stresses than the region of the cask remote from the impact, a

non uniform circumferential element spacing is chosen. A very fine mesh
near the region of impact varies to a coarse mesh on the side of the cask
opposite the impact region. The largest circumferential element size was
chosen to be twice that of the smallest, with the element size varying
linearly in between. Figure 2.10.2 8 illustrates the resulting non-
uniform angular locations of each row of nodes. Table 2.10.2 1 documents
the angular location of each plane of nodes, and the circumferential
element size for each row of elements. The are length of the smallest
elements, those along the line of impact, is 8.3 degrees. The are length
increases to 16.6 degrees for the elements farthest away from che impact.

A series of parametric studies were performed, which considered a thick-
walled cylinder subject to a gravity loading in the lateral direction, in

,

order to examine the results of using different mesh densities.
Circumferential mesh densities of 28 uniformly spaced elements and of 15
uniformly spaced elements were considered. The results of the parametric
study indicated that maximum stresses as determined by the mesh with 28
circumferential elements were within 1 percent of those determined by the
mesh with 15 elements. Therefore, it is concluded that the 15 element

i - non uniform mesh is adequate to model the structural behavior of the
cask. The parametric studies also considered th esfects of varying the
number of elements through the wall thickness and of varying the eleinant
aspect ratio.

! Three dimensional beam elements (STIF4), solid elements (STIF45), and gap
i

(STIF52) elements are used in the construction of the two three-' .

dimensional finite element models. All cask components (forgings, lida,
lead shell, shielding, inner and outer shells, etc.) are modeled using
the STIF45 element. The STIF45 element is an eight node, three-
dimensional,-parametric solid element having three degrees of freedom at
each node (translations in X, Y, and Z directions).

O
2.10.2-7
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Connections and interfaces between the components of the cask are modeled
using the ANSYS STIF52 gap element. The STIF52 gap element is a
chree dimensional interface element that represents two surfaces that may
maintain or break physical contact, and may slide relative to each other.
The use of this element is required in areas where contact between
adjacent surfaces is not guaranteed by the geometry or loading. Such

locations include the lead / steel shell interfaces and lid top fprging
interfaces. The disadvantage of the STIF52 element is that, because it
is a nonlinear element, the solution procedure becomes an iterative one
and can substantially increase solution run times. The cask lid bolte
are modeled using the ANSYS beam element (STIF4). The STIF4 is a three-
dimensional, uniaxial element with tension, compression, torsion, and

j bending capabilities. The element has six degrees of freedom at each
! node (translations in the nodal X, Y and Z directions and rotations about

the nodal X, Y, and Z axes).

The material properties required by ANSYS for the three dimensional

,
analyses are those identified in Section 2.10.2.1.

2.10.2.1.2.1 Bottom Fine Mesh Model

The bottom fine mesh model of the NAC STC is constructed of 13,597 nodes
and 10,050 elements. The maximum in core wavefront size is 794 The

maximum in core wavefront size is used as a measurement of the size of an
ANSYS analysis. The Root Mean Square (RMS) wavefront size is 507.

The complete bottom fine mesh model is shown in Figure 2.10.2 9. A two-

dimensional view of the model is shown in Figure 2.10.2 10. The node

numbering patterns and mesh arrangement in different regions of the model
are provided in Figures 2.10.2-11 through 2.10.2-19. The node numbers

shown in these figures are for the 0-degree circumferential plane. A
circumferential node number increment of 2000 16 used to determine the

Inode numbers on the remaining ci cumferential planes. The bottom half of
the cask contains the finer mesh density. The structural components have

O .

2.10.2-8
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v a mesh density of at least three elements through their thicknesses in
areas of structural discontinuities to ensure detection of stress
gradients in those regions. The lead shell and the neutron shield end
layers are modeled with one element through their thickness, which is
sufficient to distribute their loads to the surrounding structure. In

Figure 2.10.2 10, the elements representing the lead layer and the
neutron shield layers are intentionally not shown in order to improve the
clarity of the mesh used in modeling the stainicss steel components.

The bottom fine mesh model is constructed by first building a
two dimensional mesh of the cask, and then revolving that mesh
160 degrees around the longitudinal axis of the cask to get a three-
dimensional model of one half of the cask.

All of the cask components cask bady, lead, shielding, lids, etc. -
are modeled with the three dimensional solid elements (STIF45).
Interaction between the components is modeled by the use of three-

.

dimensional gap elements (STIF52). The cask components which are

( enclosed by stainless steel, including the lead and the end neutron
shields, are surrounded radially and axially by gap elements. Just as

0for the two dimensional model, a gap element stiffness of 3.0 x 10 psi
is specified to maintain the boundaries between the surfaces. The
initial radial gap between the lead layer and the outer shell is set to
0.0428 inches.

The m e. densities of some of the cask components are modified to
discribuLe the impact limiter masses onto the cask ends and to distribute
the mass of the external neutron shield material to the region between
the top of the bottom forging and the bottom of the inner lid, as
described in Section 2.10.2.1.1.

2.10.2.1,2,2 Too Fine Mesh Model

The top fine mesh model of the NAC STC is comprised of 12,601 elements
and 15,261 nodes. The maxir.un in core wavefront size is 1338, as compared
to the maximum permissible wavefront size of 1439, which is based on
ANSYS program limitations. The maximum in-core wavefront size is used as

'# a measurement of the ANSYS analysis size. The RMS wavefront size is 664,

2.10.2-9
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The three-dimensional model is generated by first creating a mesh for a

|two dimensional plane and then revolving the mesh 180 degrees around the
longitudinal axis of the cask to create a half model, as described in
Section 2.10.2.1.2.

The complete top fine mesh model is shown ir Figure 2.10.2 20. The upper

half of the model is shown at a larger sea.o in Figure 2.10.2 21. Figure

2.10.2 22 is a view of the 0 degree circumferential plane of the top fine |

Imesh model. Figures 2.10.2 23 through Figure 2.10.2-31 show in detail
the node numbering patterns and the mesh arrangement at different regions
of the cask. The node numbers shown in these figures are for the 0-
degree circum'lerential plane. The node numbers on the remaining
circumferer,tial planes can be determined by adding 2000 (unless otherwise
r.oted on each plot) to the node numbers on each succeeding
circumferential plane. In Figure 2.10.2 23, the elements representing
the lead layer and the neutron shield layers are intentionally not shown,
in order to improve the clarity of the mesh used in the stainless steel
components.

l

All cask components (cask body, lead, shielding, lids, etc.) are modeled
using the ANSYS STIF45 solid elements, as in the bottom fine mesh model.
The structural components have a mesh density of at least three elements
through their thickness near areas of structural discontinuities to
ensure the detection of stress gradients in those regions. The lead
shell and the neutron shield end layers are modeled with one element
through their thicknesses, which is adequate to distribute their loads to
the surrounding structure. -The lids are modeled with two or more
elements through their thickness near the center of the cask, where
stresses are low, and with a finer mesh density near the outer radius of
the cask, where the stresses are higher as a result of_the bolt loads and
the impact loads,

i

Interaction between the cask components is modeled by use of three-
L

dimensional gap elements (STIF52). The cask components that are
;

j enclosed by stainless steel, including the lead and the end neutron
shields, are surrounded radially and axially by gap elements. The'

interface between the inner lid and the cask top forging is modeled using
STIF52 gap elements in the axial and radial directions. The outer lid

2.10.2 10
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G' interfaces also use STIF52 gap elements in the radial direction (between

the outer lid and the cask top forging) and in the axial direction
(between the outer lid and the inner lid and between the outer lid and
the top forging) . There are 0.03 inch radial gaps between the top
forging and the inner lid outside diameter and 0.075 inch gaps between
the top forging and the outer lid outside diameter. There is a 0.06 inch
axial gap between the inner lid and the outer lid in the 50.0-inch
dia:neter center region of the lids. Just as for the two dimension,a1

0model, a gap element stiffness of 3.0 x 10 psi is used to maintain the
boundaries between the surfaces.

The cask lead shielding is modeled using ANSYS STIF45 elements. The
interface between the lead and the cask body is modeled using gap
elements in the radial direction along its entire length. All runs are
made with an initial gap specification of 0.00 inches at the inside
diameter of the lead and 0.0428 inch at the outside diameter of the lead.
At locations where the lead surface is angled, the gaps are oriented in
such a way that they close in the direction perpendicular to the surface.

g/ This allows these gaps to support some axial load, as would be the caseC
in the actual cask. The shielding at the bottom end of the cask is far
enough removed from the area of interest for this model, that any gap
element effects would be negligible. For this reason, the bottom end

shielding is modeled using ANSYS STIF45 brick elements having common
nodes with the cask body. The neutron shielding between the lids is also
connected to the inner lid with common nodes. Since its modulus of
elasticity is small compared to that of steel, the lid stresses are not
significantly affected.

The mass densities of some of the cask components are modified to
distribue the impact limiter masses onto the cask ends, and to
distribute the external neutron shield mass to the region between the top
of the bottom forging and the bottom of the inner lid, as described in
Section 2.10.2.1.1.

A detailed analysis of the top end of the cask requires that the lids and
their bolted connections to each other and to the cask be accur ately
modeled. This is difficult in this case because of the different

[' circumferential bolt spacing on the inner (42 bolts) and outer (36 bolts)'

2.10.2-11
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O
lids, and additionally because neither of these spacings are the same as
the element circumferential spacing used in the ANSYS model. This

problem is solved by " averaging" the effective bolt properties around the
circumference, f

!

The bolts are modeled using ANSYS STIF4 beam elements and are located on
their' appropriate radii (connecting the outer lid to the inner lid and
connecting the inner lid to the cask top forging), on each
circumferential plane location. Since there are 16 circumferential
planes contained in the finite element model, this results in 16
equivalent bolts per lid. Each bolt consists of four elements one
element as the bolt shaft, one as the bolt thread, and two as the bolt
head.

The effective properties of each bolt are determined by calculating the
percentage of the 180 degree are that each bolt affects, and multiplying
that by an overall sum c' the actual properties. Table 2.10.2 2 shows
the calculated percentages of the 180-degree arc, determined by summingc

'

V- one half of the angles of the arc of the two elements adjacent to a given
node. Tables 2.10.2 3 and 2.10.2 4 document the calculated effective
properties for all of the bolts in both lids, including the associated
real constant numbers. Following are example calculations for the inner
and outer lid bolt properties:

Inner Lid Bolts (42. 1 1/2 - 8 UN)

2Tensile area of one bolt - 1.492 in
2Total tensile area - (42)(1.492) - 62.66 in

Bolt minor radius (R) - 1.3444/2 - 0.6722 in
Moment of inertia (I) of one bolt - wR'/4 - 0.1604 in'
Total moment of ine-tia - (42)(0.1604) - 6.7368 in'

Referring to Table 2.10.2-3, the inner lid bolt properties for
circumferential plane location 4, real constant number 17, are:

2
Tensile area - (0.0522)(62.66)(0.5) - 1.6354 in
I - (0.0522)(6.7368)(0,5) - 0.1758 in

Diameter for' stress recovery - ((1.492)(4)/w)]0.5 - 1.378 in

2.10.2 12
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bv Additionally, to cetermine the shear area of the bolt, a shear factor
of 10/9 is applied to the bolt tensile area, as recommended by the
ANSYS User's Manual, Section 4.0.5. In the ANSYS model, bolt head

properties are taken to be 10 times the associated Solt a.aaft
properties.

Outer Lid Bolts (36. 1 - 8 UNC)

2Tensilt area of one bolt - 0.606 in
2

Total tensile area - (36)(0.606) - 21.816 in
Bolt minor radius (R) - 0.8446/2 - 0.4223 in
Moment of inertia (I) of one bolt - wR /4 - 0.0250 in'

4

Total moment of inertia - (36)(0.0250) - 0.900 in'

Referring to Table 2.10.2-4, the outer lid bolt properties for
circumferential plane location 8, real constant number 38, are:

2
- Tensile area - (0.0639)(21.816)(0.5) - 0.697 in

I - (0.0639)(0.900)(0.5) - 0.02876 in
Diameter for stress recovery - [(0.606)(4)/w)]O.5 - 0.878 in

Additionally, to determine the shear area of the bolt, a shear factor
of 10/9 is applied to the bolt tenaile area, as recommended by the
ANSYS User's Manual, Section 4.0.5. In the ANSYS model, bolt head

properties are taker to be 10 times the associated bolt shaft
properties.

The bolt preload is calculated as shown in Section 2.6.7.5. The preload
on the inner lid bolts is calculated to be 4,870,000 pounds for 42 bolts.
The preload on the outer lid bolts is calculated to be 509,316 pounds for
36 bolts.

The bolt preload is accounted for in the ANSYS analysis by assigning to
each bolt shaft an initial strain that will result in an axial stress
equivalent to the bolt preload divided by the bolt area. The initial

strain is applied to the element representing the portion of the bolt
p shaft that is not engaged in threads. The initial strain is calculated
a

2.10.2 13
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by applying an initial guess or unit strain to the bolt and running the
model (with no other loads) iteratively, until convergence is reached
between the resulting preload values and the required preload values.
Section 2.10.2.2.3 centains a detailed description of the bolt preload
calculation for both the inner and outer lids.

2.10.2.2 Loadinc conditions

.ais section documents the methods of calculating contents pressure loads
and impact pressure loads for the end drop, side drop, corner drop, and
oblique drop scenarios. Additionally, the use of bolt initial strain to

represent the bolt preload and the determination of the bolt initial
strain are explained.

2.10.2.2.1 contents Pressure calculation

For the end drop analyses, the contents weight is assumed to be uniformly
distributed on the cask end, over an area determined by the inside

\- diameter of the cask. Therefore, the contents weight of 56,000 pounds,
and the cask cavity inside radius of 35.5 inches are used to calculate a
contact pressure of:

56.000
(w)(35.5)2 - 14.14 psip-

This pressure applies to a 1 g loading condition. Pressure values for the
1-foot and 30 foot end drop analyses are determined by ratioing this
pressure by the g-load values applicable to the specific case, which are
documented in Sections 2.6.7.1 and 2.7.1.1.

For the side drop condition, the basket stress analysis performed in
Section 2.7.8,0 indicates that the contact area between the basket and

the cask cavity is approximately 180 degrees (90 degrees on each side of
the drop centerline), therefore, for the side drop analyses, the cask
contents are conservatively assumed to contact the inner cask diameter on
an arc of only 79.4 degrees on either side of the impact centerline. The
inertial load produced by the 56,000 pound contents weight is representeds

g as an equivalent static pressure applied on the interior surface of the

2.10.2-14
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cask. The pressure is uniformly distributed along the cavity length, and
is varied in the circumferential direction as a cosine distribution. The

maximum pressure occurs at the impact centerline; the pressure decreases
to zero at locations that are 79.4 degrees either side of the impact
centerline, as illustrated in Figure 2.10.2 32. The method used to

determine the varying pressures on the elements within the 79.4-degree
are is presented in the following paragraphs.

.

Eight sectors of elements in the ANSYS model are defined within the
79.4-degree arc. The first sector of elements subtends the arc from ths
0 degree circumferential plane to the 8.3-degree circumferential plane.
The second sector subtends the are from the 8.3 degree circumferential
plane to the 17 degree circumferential plane. The remaining five sectors
are defined in the same manner, by the 26.2 , 35.8 , 45.9 , 56.5 , and
67.7-degree circumf erential planes, which are shown in Figure 2.10.2 8.

The following formula is used to determine the contents pressures for the
side drop analyses, which vary around the circumference. This method

( uses a summation scheme to approximate the integration of the cosine.
shaped pressure distribution:

b ,

cos (S ) cos (#g)P I P,,x A gtot,g
1-1 t

where

Ftotal - 28,000 lb (cask contents weight is 56,000 lb:
therefore, 28,000 lb for a half model)

P,,x - maximum pressure (at impact centerline)

#g - average angle of subtended arc

chi-i circumferential sector

,

og - normaliz,cd angle to peak at O' and to be zero at 79.4*
90

-8 - 1.1335(8 )g 79,4, g

2.10.2-15
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D th
.Ag-i circumferential area over which the pressure is

applied

- R (of )(w/180) 1g

R - inner radius of cask - 35.5 in .

L - cask cavity length -'165 in

Therefore,

g - (35.5)(af )(w/180)(165) - 102.23 (Ad )A g g

48 - 8.3 0 - 8.3'
1

482 - 17.0 8.3 - 8.7*

; 6,3 - 26.2 17.0 - 9.2'

-a#4 - 35.8.- 26.2 -'9.6*

Af5 - 45.9 - 35'.8 - 10.1*
.

686:- 56.5 - 45.9-- 10.6',

Ad7 - 67.7 56.5 - 11.2'

ad8 - 79.4.- 67.7 - 11.7*

-4.15';#[-4.15'(1.1335)-4.70*0+ '

f 1_- 2
.

2-
- - 12.65*; eh 12.65'(1.1335) - 14.34*#

'O 26.2
3- - 21.6'; # 21.6*(1.1335) - 24.48'f

#4-
' - 31 ; e - 31 (1.1335) - 35.14'

O ,, ss.ecAs.e -e.85..,;-4e.e5.(1.133,>-e.se.

2.10.2 16
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--51.20';dk-51.20'(1.1335)-58.04'4S'9 + 56.5
#6~ 2

'5{67.7 -62.10*;Sh-62.10*(1.1335)-70.39'#
-

7

,, 67 7 ; 79 ' - 73.55 ; ,; - n.55-(1.u35) - 83.3. >

cos (# ) cos ($g)Define: Fg - P,,x A 1g

where 1 - 1 through 8

Fg - P,,x @ . W O . P ) m @ . W ) m @ . W )
- 843.4 (P,,x)

F2 - P,,,(102.23)(8.7') cos(12.65') cos(14.34')_

- 840.8 (P,,x)

F '- P,,,(102.23)(9.2') cos(21.6*) cos(24.48*,3
.

. -

| - 795.9 (P,,x)

F4 - P,,x(102.23\(9.6') cos(31') cos(35.14'i
'

| - 687.9 (Paax)

F5 - P,,x(102.23)(10.1') cm ' 85') cos(46.30')'

.

f, - 539.6.(P,,x)
l'

L .F, - P.,,n02.23> n0.e , ces(51.20 r cos(58.04 >
- 359 4 (P,,x)

- F - P,,x(102.23)(11.2') cos(62.10*) cos(70.39')s
7

- 179.8 (P,,x)

..

F8 - P,,x(102.23)(11.P) cos(73.P Q cos(83.M
- 39.11'.(P,,x)

~

L -

2.10.2-17
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Ptotal - :4286(P,,x)

Se' ting the total load (F ,g,y) to 28,000 lbg

4286(P,,x) - 28,000

(P,,x) - 6.533 psi
P represents che contents pressure load which would *.: cur along the

'

aax,

drop centerline. Given P,,x, the contents pressure loadings, which are'

applied to the eight sectors of elements, are calculated as follows:

coseh-6.533cos(4.70')-6.51 psiP--P
1 max

P2 - P,,x cos#h-6.533cos(14.34*)-6,33 psi

P3 - P,,xcos#3 - 6.533 cos(24.48') - 5.95 psi

4-P,,,cosof-6.533cos(35.14*)-5.34 psiP
.

P5 - P,,,cos#5 - 6.533 cos(46.30') - 4.51 psi

P6 - P,,x cos#6 - 6.533 cos(58.04*) - 3.46 psi

.P7 - P,,x cos#7 - 6.533 cos(70.39*) - 2.19 psi.

8-P,,,cosph-6.533cos(83.37*)-0.76 psiP

The following is a summary ol' the side drop contents pressures applied to
;.

j the finite element model in the eight circumferential. sectors:
:

!

,

LOL
,

2.10.2 18
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(3
V

ARC (der) PRESSURE (esi)

0 - 8.3 6.51

8.3 17.0 6.33

17.0 - 26.2 5.95

26.2 - 35.8 5.34

35.8 - 45.9 4.51

45.9 56.5 3.46
,

56.5 67.7 2.19

67./ - 79.4 0.76

The pressuroc are applied to the casP inner shell, over the length of the
cask cavity for the side drop analyses. It should be noted that these
pressures consider a 1 g deceleration condition. Pressures for the
1 foot and 30 foot side drop analyses are calculated by ratioing these
pressure values by the appropriate deceleration g loads, which are
documented in Sections 2.6.7.2 and 2.7.1.2.

r~~N

h For the corner and oblique drop analyses, the contents pressure loading
is a combination of the end drop pressure-load and the side drop pressure
load. The corner and oblique drop pressure loadit.gs are determined by
breaking up the contents pressure load into longitudinal and lateral
components, based on the drop angle. The longitudinal component is
applied to the cask end, and the lateral component is applied to the cask
inner shell as described previously for the side drop case.

2.10 2.2.2 Imonet Pressure Calculation

For the bottom end drop analysis, the impact pressure is assumed to
eniformly contact the cask bottom end over an area determined 1y the
outside diameter of the cask. Therefore, the cask weight (including

contents) of 250,000 pounds and the cask outside radius of 43.35 inches
are used to calculate a bor um end drop impact pressure of:

250.000
(x)(43.35)2 - 42.35 psi

P-

(o)
2.10.2 19
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For cases when no contents are present, the weight of the empty cask plus
basket-is 211,000 pounds, therefore the bottom end drop impact pressure
is:

"'
P- - 35.74 psi

(w)(43.35)2

These pressures apply to a 1 g loading condition. Pressuro values for the
1 foot and 30 foot end drop analyses are determined by ratioing these

' pressure values by the g loads applicable to the specific case, which are
documented in Sections 2.6.7.1. and 2.7.1.1.

For the top end drop analysis, the impact pressure is assumed to
uniformly contact the cask top end over an area determined by the outside
diameter of the cask, less the-area represented by the 0.075 inch radial
gap between the outer lid and the top forging. Therefore, the cask
weight (including contents) of 250,000 pounds, the c ui outside radius of
43,35 inches, the top forging inside radius of 40.88 inches, and the
outer. lid outside radius of 40.805 inches, are used to calculate a bottom

end drop impact pressure of:

250.000
P- - 42.48 psi

(n)(43.35)2 - (w)[(40.88 - 40.805)2]
g

For cases when no contents'are present, the top end drop impact pressure
t

is:
l
i

2H.000
P- - 35.86 psi

2 - 40.805)2j(x)(43.35)2 ,-(w)[(40.88

|
These pressures apply to a 1 g loading condition. Pressures for the
-1-foot and 30-foot end drop' analyses are calculated by ratioing these
pressure values by the g loads applicable to the specific case, which are
documented in Sections 2.6.7.1 and 7.7.1.1.

For the side drop analyses, the impact pressure load is applied to the-
finite element model as a distributed pressure over the contact area

, O_ .
between the impact limiters and the cask. Since the center of gravity of

2.10.2 20
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/~'N
N] the loaded cask is located within 1 inch of the cask middle plane, the

impact load is assumed to be evenly divided between the two limiters.

The distribution of impact pressure is assumed to be uniform, in the
longitudinal direction, over the two 12.03-inch impact limiter contact
areas. The distribution of impact limiter pressure is assumed to vary
sinusoidally in the circumferential direction. A cosine-shat,ed pressure
distribution is selected, which is " peaked" at the impact centerline, and
is spread over a 79.4-degree arc on each side of the impact centerline,
as shown in Figure 2.10.2 32. The region of applied pressure (a 158.8*
arc) is defined based on the " crush" geometry of the impact limiter. The
assumption of a peaked pressure distribution is a conservative,
classical, stress analysis procedure since t.he applied pressure actually
is spread over a 180 degree arc (90-degree half-cask are).

The following calculation is performed to determine the pressure (P ) to1

1,e applied to elements within c'.ie eight circumferential sectors defined
in Section 2.10.T.2.1. The calculation is based on the weight of a half-,f3

V model of the cask at 1 g. Pressure forces for the 1-foot and 30 foot
side drop analyses are determined by ratioing these pressure forces by
the g load applicable to the specific case.

The following formula can be used to compute the maximum impact pressure.
This method uses a summation scheme to approximate the integration of the
cosine shaped pressure distribution:

8 ,

F I P,,x A cos (e ) cos (e )gog,g
i ,L

g g g

where

Ftotal - 125,000 lb (the cask design weight for a half model)

P,,x - maximum impact pressure occuring at the impact
centerline

\g #g - average angle of subtended are
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ch'

i-i circumferential sector
>- ,

aft - are length, in degrees, of sector i

# - Normalized angle to peak at O' and to be zero at 79.4'
- #g (90/79.4) - 1.1335 #g

A-iUh'circumferential area over which the pressure is
g

applied
- R(of )(w/180)L - 0.01745(of )(R)(L)g g

R - outer radius of the cask at impact limiter contact

points
- 43.35 in

' L - Impact. limiter contact length - 24.06 in (for two
limiters,'one on each end of the cask)

1

|Q .

V adg - 8.3 0 - 8.3'

482 - 17.0 - 8.3 - 8;7'
-

.

A83 - 26.2 =17.0 - 9.2*

A84 - 35.8 26.2 .9.6'
-

405 - 45.9 - 35.8 - 10.l*
,

a#6 - 56.5.- 45.9 - 10.6'

a#7 - 67.7 56.5 - 11.2*

adg - 7 9 . 4 - 6 7 . 7 - 11. ."

e{-4.15'(1,1335)-4.70'0+ ^

- 4.15':#g - 2

2- - -12.o5';#h-12.65'(1.1335)-14.34*
~

$

.
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O ,3 - "o; - 21.6 : ,;-21.6-(1.um-24.48-6.

'- 31 ; # - 31 (1.1335) - 35.14*#4- 2

,, 3s a + *s 9 0.85;,;-40.85-(1.u35>-46.30-,

-51.20*;#h-51.20*(1.1335)-58.04*'' + 56.5
#6* 2

.

7- -62.10*;Sh-62.10*(1,1335)-70.39'56.5 67.7
#

,

8-
' '

- 73.55*; #8 - 73.55*(1.1335) - 83.37*f
,

Ft - P ,, At cos(#g) cos ($ )
i - 1 through'8

Fg - P,,,(0.01745)(R)(8.3*)(L) cos(4.15*) cos(4.70*)

;- - - 0.1440 (P,,,)(L)(R)-

;
.

'

. h., :

2 - P,,;(0.'01745)(R)(8.7*)(L) cos(12.65*) cos(14.34*)F

- 0.1435 (P,,,)(L)(R)

F3-Pmax(0.01745)(R)(9.2*)(L) cos(21.6*) cos(24.48*)

- 0.1359'(Psax)(L)(R)

|" F P (0.01745)(R)(9.6*)(L) cos(31*) cos(35.14*)g

' I

- O 1174 (P,,f)(L)(R)
+

F5 - P,,,,(0.01745)(R)(10.1*)(L) cos(40.85') cos(46.30')j

.- 0.0921 (P,,x)(L)(R)
,

s

F - P,,x(0.01745)(R)(10.6*)(L) cos(51.20')'cos(58.04*)~ ,

4
6

-

'- 0.0614-(P,,x)(L)(R).

-
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O
F7-Pmax(0.01745)(R)(11.2')(L) cos(62.10') cos GO. M

- 0.0307 (P,,x)(L)(R)

F8 - P,,x(0.01745)(R)(11.7')(L) cos(73.55') cos(83.37')

- 0.0067 (P,,x)(L)(R)

Ftotal - 0.7317 (P,,x)(L)(R)

Ftot,1
P,,x - (0.7317)(L)(R)

The pressures to be applied to the fiaite element analysis can then be
computed as follows:

F ,t,y cor(# )7 1
I '

(0.7317)(l' I

where

Fg - 125,000 lb (for half model)

L - 24,06 in

R - 43.35 in

P, - 163.7918 cos (8 )

P., - 163.7918 cos (4.70') - 163.22 psi

P2 - 163.7918 cos (14.34*) - 158.67 psi

P3 - 163.7918 cos (24.48') - 149.06 pst

P4 - 163.7918 cos (35.14') - 133.98 psi

P3 - 163.7918 cos (46.30*) - 113.17 psi

P6 - 163.7918 cos (58.04') - 86.96 psi

2.10.2-24
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(
LJ

P7 - 163.7918 cos (70.39') - 54.99 psi

P8 - 163.7918 cos (83.37*) - 18.96 psi

The following is a summary of the side drop impact pressures applied to
the finite element model in the eight circumferential sectors:

R _ (deg) PRESSURE (esi)

0 8.3 163.22

8.3 - 17.0 158.67

17.0 - 26.2 149.06

26.2 35.8 133.98

35.8 45.9 113.17

45.9 56.5 86.69

56.5 e 7 54.99

67.7 - 79.4 18.96

(O) It should be notad that these pressures consider a 1 g deceleration
condition. Pressures for the 1-foot and 30-foot side drop analyses are

calculated by ratioing these pressure values by tha appropriate
deceleration or g values, which are documented in Sections 2.6.7.2 and
2.7.1.2.

For the corner and oblique drop analyses, the impact pressure loading is
a combination of the end drop impact pressure load and the side drop
impact pressure load. The corner and oblique drop impact pressure
loadings are determined by bre @ing up the impact pressure load into
longitudinal and lateral components, based on the drop angle. The

longitudinal component is applied to the cask end, and the lateral
component is applied to the cask inner shell as previously described for
the sida drop case.

2.10.2.2.3 Bole Initial Strain Determination

The standard technique for applying bolt preload to a finite element

('} model is employed. The bolts are modeled using beam elements, ANSYS STIF3
elements for the two-dimensional model and ANSYS STIF4 elements for the'
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O
three-dimensional top fine mesh model. Each bolt is modeled by four beam
elements, two that represent the bolt head and two that represent the
bolt shaft. The two bolt head elenents are defined by three nodes tha j
are an integral part of the non-threaded plate. The bolt head elements
are assigned a stiffness of 10 times the actual bolt stiffness. The
first bolt shaft element connects the center node of the bolt head with a
node located at the top of the threaded hole. This element represents
the portion of the bolt that is not engaged in the threaded hole. This

portion of the bolt will be in tension due to the bolt preload. The
| second bolt shaft element connects the node at the top of the threaded

f hole with a node at the bottom of the threaded hole. This element
represents the portion of the bolt that is engaged in the threaded hole.
The two bolt shaft elements are assigned material property values (area
and stiffness) equal to the actual bolt properties.

The effect of bolt preload is imposed on the model by applying an initial
strain to the bolt shaft. The initial strain is applied only to the beam

(') element representing the portion of the bolt shaft not engaged in
+v threads. The initial strain values, which result in the required preload

values, are determined by first running ANSYS analyses of both the two-
and three dimensional models with a " trial" initial strain, applied to

the bolt shaft element, as the only loading condition. The resulting
beam element force (from the element representing the portion of the bolt
shaft not engaged in threads), is then used to ratio the trial initial
strain to a value that will result in a beam element force closer to the
actual bolt preload. This procedure is performed iteratively until the
beam element force is effectively equal to the actual bolt preload.

The trial initial strain values are first determined by performing hand
calculations of the value of P/ NAE for both the inner and the outer lid
bolts. For the inner lid bolts, the calculation considers a required

total bolt preload (P) of 4,870,000 pounds for 42 bolts, a quantity (n)
of 42 bolts, a bolt cross sectional area (A) of 1.492 square inches per

6bolt, and a Young's modulus (E) of 31.0 x 10 psi. For the outer lid

bolts, the eniculation considers a required total bolt preload (P) of
509,316 pounds for 36 bolts, a quantity n) of 36 bolts, a bolt cross-*

i sectional area (A) of 0.606 square inches per bolt, and a Young's modulus
V 6 The hand calculations renulted in trial initial(E) of 28.3 x 10 psi.''

2.10.2-26
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a
strains of 3.0 x 10'3 inch / inch for the inner lid bolts and 8.5 x 10''
inch / inch for the outer lid bolts.

The trial initial strain values were used in the iterative procedure

outlined previously. Several iterations were performed on both the two-
and three-dimensional models until the initial strain values yielded bolt

preload values within 5 percent of the required amount. The final values
of initial scrain for a cask temperature condition of 250'F were .

.

determined to be 3.034 x 10'3 inch / inch for the inner lid bolts, and

8.863 x 10'' inch / inch for the outer lid bolts. The resulting bolt

preload values are documented below:

BOLT FRE1 DAD

i-

ANSYS ANSYS Difference Difference

Required Calculated Calculated Required Required
value 2-D Model 3 D Model 2-D 3-Dg

A
.

(1b) (1b) (1b)'
_

Outer
Lid Bolts _509,316 .519.280. 509,7 1 2.04 0.06

Inner -

Lid Balts. 4,870,000 .4,902,832 5,068,866 0.74 4 . _1g
,

The ANSYS analyses-results show good agreement with required bolt preload
values. The' differences between the required values and-the two--
dimenrional ANSYS analysis values.are less than 2 percent. The-

-differences <between the required values and the three dimensional ANSYS
values are less than 4.1. percent. .Both the two dimensional and three.
-dimensional ANSYS values are conservative! therefore, it is. concluded

that the~ final values of-initial strain are adequate for modeling bolt
.preload.

I

O
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2.10.2.3 Finite Element Analysis Procedures

.,

The structural evaluation of the NAC STC is performed by ANSYS analyse.
using three: finite tiement models. A two dimensional axisymmetric model

,

is axed for the axisymmetric loading cases, includin6 bol t preload,
internal pr6ssure.(high and low), thermal hot and cold, thermal fire
transient, top and drop, and bottom end drop. A three dimensional top
fine mesh ~oodel it used in the non axisymmetric loading conditions that
result in high~ stresses on the top end of the cask, including the top,

-corner drop and top oblique drops. The three dimensional bottom fine
mesh-model:is used for the non axisymmetric loading conditions.that
result in high stresses on the bottom end of the case, including the
bottom corner. drop,' and bottom oblique drops. For the side drop

analysis .both-the top fine mesh model and the bottom fine mesh model are-
are,1yzed separately, in order to obtain the= detailed stresses' for both
ends of the cask.

; .

A number of -individual and combined loading conditions are evaluated
using separate ANSYS analyses. The ANSYS analyses performed for eachn

.

individualtloadlng condition are for:the' purpose of studying thes

structural effects of each. individual type of load applied to the cask.'

The stress results: of the ANSYS analysis of each- individual loa'd' case. are
documented by nodal stress summaries (for details about finite element-

~

t' -stress. documentation procedures, see-Section 2.10.2.4). The individual-*

loading conditions considered are: -

<-

4

1. Bolt preload plus maximum internal pressure, 50 psig.
,

'
-2._ Bolt preload plus minimus internal pressure, 12 psig.

3. Cravity with 100*F ambient temperature,: maximum decay' heat load, and-
~

.

, maximum: insolation.
,

4. Gravity _with' 40*F ambient. temperature, no decay heat load,'and no ,

insolation. ,

) 5. Thermal. heat with.100*F ambient tamperature, maximum decay heacLload,

and maximum insolation.
,
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,

6. Thermal cold with -20*F ambient temperature, maximum decay heat load,
and no insolation.

7. Thermal cold with -40'F ambient temperature, no decay heat load, and
no insolation.

8. Thermal fire transient with 1475'F surrounding envirottment, 30 minute

. period.

9. Impact and inertial loads, 1-foot top end drop, 20 g impact load,
4 - O degrees.

10. Impact and inertial loads, 1-foot bottom end drop, 20 g impact load,
p - O degrees.

11. Impact ard inartial loads, 1-foot side drop, 20 g impact load, d - 90
degrees.

.'hh
(1,/ 12. Impact and inertial loads, 1 foot top corner drop, 20 g impact load,

p - 24 degrees.

13. Impact and inertial loads, 1 foot bottom corner drop, 20 g impact
load, f - 24 degrees.

l '4 . Impact and inertial loads, 30 foot top end drop, 56.1 g impact load,
4., O Jegrees.

15.. Impact and inertial loads, 30-foct bottom end drop, 56.'1 g impact
load, 4 - O degrees.

_

16. Impact and inertial loads, 30 foot side drop, 55 g impact load,
4 - 90 degrees.

17. Impact and inertial loads, 30 foot top corner drop, 55 g impact load,
d - 24 degrees.

(''} '_8. Impact and inertial loads, 30-foot bottom corner drop, 55 g impact

( \a< load, p - 24 degrees.
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h; '

x) .
19, I.npact and interial loads, 30-foot bottom oblique drop, 55 t . pact

load, d - 15 degrees.

20. Impact and inertial loads, 30 foot top critical oblique drop, 55 g
impact load, ( - 75 Degrees. (4 - 75 degrees is the angle that
results in the most critical stresses for the 30 foot top oblique

drops).

21. Impact and inertial loads, 30 foce bottom critical oblique drop, 55 g
impact load, p - 75 degrees. (d - 75 degrees is the angle that
results in the most critical stresses for the 30 foot bottom oblique

drops).
.

Combined load cases are then evaluated by running ANSYS analyses of the
combined loading _ conditions. For example,-the 30-foot top corner drop +

accident condition is evaluated by a single ANSYS analysis with the '

following loads applied simultaneously:

'55 g Impact-and inertial-loads (d - 24 degrees), 100*F ambient:

~ temperature, maximum decay heat load, maximum solar insolation, bolt
-preload, and 50 psig internal pressure.

A single' analysis with multiple loads is used in contrast to the method
of superimposing the stress results from the individual analyses, in
order to more accurately evaluate the effect of the simultaneous loads on-
'the cask structure. For combined load cases, the stresses are documented

by nodal, sectional, and critical stress summaries. The following
-combined loads' cases are considered:

1; Thermal Heat (normal condition), with bolt'preload,' maximum internal
pressure of 50 psig, 100*F ambient temperature, maximum solar
. insolation, maximum decay heat, 1 g gravity load, still air, loaded
and ready for. shipment in the horizontal position.

,

,

2. Thermal Cold (normal condition) with bolt preload, minimum internal

pressure of 12 psig, 40*F ambient temperature, no solar insolation,
; no decay heat load, 1 g gravity load, still air, loaded and ready for

I~ shipment in the narizontal position.
:
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" . 3..Ther. sal Fire Transient (hypothet.ical accident condition) with a
surrounding environment-of 1475'T for a 30-minute period, with bolt
proload, internal pressure of 125 psig (conservative; actual internal
pressure is 107.3 psig), maximum solar insolation, maximum decay heat
load, and 1 g gravity load in the vertical direction.

4._1-Foot Top End Drop (normal condition) with bolt preload, maximum
internal pressure.'of 50 psig, 100'F ambient temperature, maximum ;

solar insolation, maximum decay heat load, 20 g impact and inertial
load (d = 0 degrees), still air.

,

5.'l-Foot Top End Drop (normal condition) with bolt preload, minimum
I - internal _ptessure of'12 psig, -20*F ambient temperature, no solar-

insolation, maximum decay heat load, 20 g impact and inertial load
(4 - O degrees), still' air.

|- _6. 1-Foot Top End Drop (normal condition) with bolt preload, minimum
- internal pressure of 12 psig, 20*F ambient temperature, no solar

.

[.
insolation, no-decay heat load, 20 g impact and inertial lead
(4 - O degrees), still air.-

7. 1-Foot Bottom End Drop-(normal condition) with bolt preload,- maximum
internal pressure of 50 psig, 100'F ambient temperature, maximum
solar-insolation, maximum decay h,at load,: 20 g impact and inertial

L load (d - O degrees), still air.
'

!

!-

8. 1-Foot Botton'End' Drop (normal condition) with bolt preload, minimum-

..

internal pressure of 12 psig, -20'F ambient temperature, no solar
insolation, maximum' decay heat load, 20 g impact and inertial load

'
(d - O degrees), still air.

|: 9. 1 Toot Bottom End Drop (normal condition) with bolt preload, minimum
internal pressure of 12 psig, 20*F cabient temperature, no solar,

insolation, no decay heat load, 20 g impact and inertial load
(d - O degrees), still air.
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O 10.1-Foot Side Drop (normal condition) with bolt preload, maximumtemperature, maximum
internal pressure of 50 psig, 100*F ambient d inertial
solar insolation, maximum decay heat load, 20 g impact an
load (d - 90 deBrees), still air.

i m
11.1-Foot Top Corner Drop (normal condition) with bolt preload, max muimum

internal pressure of 50 pcig, 100'F ambient temperature, maxd inertial
solar insolation, maximum decay heat load, 20 g impact an
load (4 - 24 degrees), still air.

d,

12. 1-Foot Bottom Corner Drop (normal condition) with bolt prwloarature,

maximum internal pressure of 50 psig,100'F ambient tempeinertial load
maximum solar insolation, t imum 20 g impact and

still air.(4 - 24 degrees),
l

13, 30-Foot Top End Drop (hypothetical accident condition) with bo t
i

preload, maximum internal pressure of 50 psig, 100'F amb entheat load,
temperature, maximum solar insolation, maximum decay

O 56,1 g impact and inertial load (4 - O degrees), still air.
bolt

14. 30 Foot Top era Drop (hypothetical accident condition) withi

preload, minimum internal pressure of 12 psig, 20'F amb entload, 56.1 g

temperature, no solar insolation, maximum decay heat
impact and inertial load (4 - O degrees), still_ air.

15, 30 Foot Top End Drop (hypothetical accident condition) with boltbient

preload, minimum internal pressure of 12 psig, -20*F amheat load, 56.1 g impact
temperature, no solar insolation, no decay
and inertial load (p - O degrees), still air.

bolt

16, 30-Foot Bottom End Drop (hypothetical accident condition) withbient

preiond, maximum internal pressure of 50 pst6, 100*F am
i decay heat load.

temperature, maximum solar insolation, max mum still air.
56.1 g impact and inertial load (d - O degrees)
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g
k l. 17. 30 Foot Bottom End Drop (hypothetical accident condition) with bolt

preload, minimum internal pressure of 12 psig, -20*F a bient
temperature, no solar insolation, maximum decay heat ised, 56.1 g
impact and inertial load (4 - O degrees), still air.

18, 30-Foot Bottom End Drop (hypothetical accident condition) with bolt
preload, minimum internal pressure of 12 psig, 20'F ambient

temperature, no solar insolation, no decay heat load, 56.1 g impact
and inertial load (d - O degrees), still air.

19. 30 Foot Side Drop (hypothetical accident condition) with bolt
preload, maximum internal pressure of 50 psig, 100'F ambient
temperature, maximum solar insolation, maximum decay heat load, 55 g
impact and inertial load (( - 90 degrees, still air.

20. 30-Foot Top Corner Drop (hypothetical accident condition) with bolt
preloan, maximum internal pressure of 50 psig, 100*F ambient
temperature, maximum solar insolation, maximum decay heat load, 55 g;p '
impact and inertial load (p - 24 degrees), still air.ii

1

21. 30 Foot Bottom Corner Drop (hypothetical accident condition) withi

bolt preload, maximum internal pressure of 50 psig, 100*r a:nbient ;

temperature, maximum solar insolation, maximum decay heat load, 55 g
impact and inertial load (4 - 24 degrees), still air.

22. 30 Foot Bottom Oblique Drop (hypothetical accident condition) with
bolt preload, maximum internal pressure of 50 psig, 100*F ambient-

temperature, maximum solar inso'ation, maximum decay heat-load, 55 g
I impact and inertial load (4 = li degrees), still air.

23.|.30 Foot Top Oblique Drop (hypothetical accident condition) with bolt
preload, maximum internal pressure of 50 psi,100*F anibient

! temperature, maximum solar insolation, maximum decay heat load, 55 g
impact and inertial-load ( - 75'), still air. (4 - 75* is the angle

which results in the most critical stresses for 30-foot top oblique

p drops).
1

-\
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DO
24, 30.'ioot gttoin Oblique Drop (hypothetical accident condition) with

bolt preload, maximum internal pressure of 50 psi, 100'F ambient
temperature, maximum solar insolation, maximum decay heat load, 55 g
impact and inertial load (4 - 75'), still air. ($ - 75' is the angle

.

which results in the most critical stresses for 30-foot top oblique

drops).
,

2.10.2.4 Finite Element Documentarien Procedures

Documentation of the. finite element stress calculations is performed

according to the following procedure:

1. A sketch of the cask is prepared showing the points on each shell for
which stresses are calculated and tabulated. At given axial

locations on the : cask, separate points are designated on the inside
and outside of each shell. At given radial locations on the end and

closure plates, separate points are designated on the inside and

|q outside of each plate. In addition,.for thick sections or thin

'd sections at structural discontinuities, the stresses are presented'

for several points through the thickness in order to adequately
define the stress distribution for the stress linearization

calculations. Furthermore, for three-dimensional models, the stress

variations around the circumference are documented at several
selected circumferential locations.

2. For each stress point. identified in step 1,'a nodal stress-summary,
including stress con:ponents and principal stresses, is prepared for.
each individual normal.and accident condition loading (e.g., internal

pressure, hot and cold temperature, impact, etc.).

3. Sununaries are prepared for the combined stresses at each stress point
I per the load combinations specified in Regulatory Guide 7.8. Tne

combined stresses are classified in the categories of primary, and-

primary plus secondary stress intensities, as specified in Regulatory
Guide 7.6.

O .
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4. Stress intensity summaries are prepared for the primary membrane

(P,), primary membrane plus primary bending (P, + P ), and primaryb
plus secondary (S ) stress categ ries. These stress intensity valuesn
are obtained by performing stress linearization calculations using
the nodal stresses obtained from step 2. This calculation is

peformed on all of the selected sections.

In order to perform steps 1 throu6h 4, representative section cut ,
locations were chosen based on the critical stress locations. The nodes

representing the stress points used in steps 1 through 4 are located on
these representative section cuts. The section locations are described
in detail in Section 2.10.2.4.2.

5. Stress evaluations are then performed at every feasible cross section
of the cask. Then, the rnost critical cross-section within each

j component is determined by searching, on a component basis, for the
! cross section where the maximum stress inrsnsity is located. Since

j p the stress evaluations and the search are performed by a computer

C) algorithm. 4,very feastolo cross- ection is identified .:nd evaluated,|

insm ing that the maximum stress location within each cooponent is
found. Stress cables are then prepared to summarize the et!tical
primary nembrane, primary membrane plus primary bending, primary plus
secondary stresses, and the margin of safety, of each cask component,
for each loading condition.

|
In order to perform step 5, the cask is divided into components based on

| the physical geometry of the cask, such that each component consists of a
| = single material. The details of the cask component identification are

given in Section 2.10.2.4.1.

| 2.10.2.4.1 Structural comoonent Identifiention

!
Cask components are defined so that the qualification of the cask can beI

performed on a component basis. Stress evaluations are performed at every
feasible cask cross-section, and then a computer search in performed to
identify the section within each component which has the maximum stress

h intensity. Critical stress summaries are then prepared on a component

basis.

2.10.2-35
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The determination of critical stresses considers the stress results at a
total of 3877 cross sections on the three-dimensional top fine mesh
model, and at a total of 3188 cross-sections on the three dimensional
bottom fine mesh model. For the two-dimensional axisymmetric model,
stress evaluations are performed for a total of 487 cross sections.
These evaluations cover all of the feasible cross-sections of the cask.

Preparation of the critical stress sumaries also requires the
calculatior. of allowable stress values. Since allowable stress is a
function of material properties (design stress intensity, yield strength
and ultimate tensile strength), it is convenient that the components be

i defined such that each component consists of a single material. This is

accomplished by designating the components in a manner consistent with
the actual physical construction of the cask, i.e., the components are

defined as the unique physical entities which exist prior to the final
assembly of the cask.

G The ma*erial properties used to determine allowable stresses are
functions of temperature. If the allowable stresses for all components
were determined using the maximum cask temperature, the allowable
stresses will be overly conservative in those components which never
experience the maximum cask temperature. Maximum temperatures determined
on a component basis, rather than on a cask basis, permit the
determination of more reasonable, but still conservative, allowable
stresses. Therefore, the maximum component temperature is used in
calculatit- *he allowable stresses for that component..

The finite element cask components are uniquely designated as shown in

| Figure 2.10.2-33. Tables 2.10.2-5 through 2.10.2-7 document the name of

L each component, tht material of which it is constructed, and an arbitrary
material identification number (used in the ANSYS model). The fifth

column of each table documents the maximum temperature which occurs in
each individual component, as determined by the thermal analysis of the

| temperature conditions indicated in the table title.

|

V

2.10.2-36
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i
|
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The sixth and eighth columns of Tables 2.10.2 5 through 2.10.2 7 document
the design stress intensity (S,), and the ultimate tensile strength (S ),
for the component material at the maximum component temperature. The

values of 1.5(S,) and 0.7(S ) are also provided.

2.10.2.4.2 Reoresentative Section Locations

The entire NAC STC body and closure lids are analyzed for structural
adequacy. Representative section et iva.: ions are defined, based on the <q.

critical stress locas. ions, in order to illustrate the overall structural (
behavior of the cask. The selected section locations are identified by [
1etters on Figure 2.10.2 34. j

Each 1,ad case- pressure, thermal, and mechanical--is evaluated
separately. The stress components are documented for each of the
selected sections and for the nodes on the sections. The individual load
cases are then combined to obtain total principal stresses and stress

intensities for the primary membrane, primary membrane plus primary,nA

(f bending, and primary plus secondary stress categories.

Figures 2.10.2-35 and 2.10.2-36 show the distribution of nodes and
elements in the circumferential direction for the three-dimensional top

fine mesh model, and for the three dimensional bottom fine mesh model,
respectively. For the three-dimensional ms .lels , stress results are

docu m ted for several of the 16 circumferential planes.

The coordinates of the nodes which define the ends of the section cuts
for the two dimensional axisymmetric, three-dimensional bottom fine mesh,
and three-dimensional top fine mesh models are provided in Tables
2.10.2-8 through 2.10.2-10, respectively. Tables 2.10.2 11 through

2.10.2-13 contain the node numbers and coordinates of all stress point

locations on each section cut, for the three models,

rm

%.)
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Figure 2.10.2 1 ANSYS Two Dimensional Finite Element Model NAC STC
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O
Figure 2.10.2 2 Cask Bottom (Region A) - NAC STC ANSYS Two-Dimensional

Model
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O
Figure 2,10.2 3 Cask Lower Transition (Region B) NAC STC ANSYS Two-

Dimensional Model
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Figure 2.10.2-4 Cask Shells (Region C) - NAC-STC ANSYS Two Dimensional
Model
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O
Figure 2.10.2 5 Cask Upper Transition (Region D) NAC.STC ANSYS Two.

Dimensional Model
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Figure 2.10.2 6 Cask Top Forging (Region E) NAC STC ANSYS Two-
,

|Dimensional Model
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Figure 2.10.2-7 Cask Lids (Region F) NAC STC ANSYS Two Dimensional |

|
Model '
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Figure 2.10.2 8 Circumferential Mesh Spacing (End View) . ANSYS Three.
Dimensional Top and Bottom Fine Mesh Models
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O
Figure 2.10.2-9 ANSYS Three-Dimensional Bottom Fine Mesh Finite Element

Model - NAC-STC
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Figure 2.10.2-10 Details NAC STC ANSYS Three Dimensional Bottom Fine
Mesh Model
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Figure 2.10.2 11 Cask Bottom (Region A) NAC STC ANSYS Bottom Fine Mesh

Three-Dimensional Model
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Figure 2.10.2 12 Cask Bottom (Region B) NAC STC ANSYS Bottom Fine Mesh

Three-Dimensional Model
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Figure 2.10.2 13 Cask Bottom (Region C) NAC STC ANSYS Bottom Fine Mesh

Three Dimensional Model
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Figure 2,10.2 14 Cask Lower Transition (Region D) NAC-STC ANSYS Bottom

Fine Mesh Three Dimensional Model
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Figure 2.10.2 15 Cask Lower Transition (Region E) NAC STC ANSYS Bottom

Fine Mesh Three Dimensional Model
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Figure 2.10.2-16 Cask Lower Shell (Region F) NAC STC ANSYS Botton Fine

Mesh Three Dimens:.onal Model
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Figure 2.10.2 17 Cask Lower Shell (Region G) NAC STC ANSYS Bottom Fine I

Mesh Three Dimensional Model
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Figure 2.10.2 18 Cask Upper Shell (Region H) NAC STC ANSYS Bottom Fine |

Mesh Three Dimensional Model
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Figure 2.10.2 19 Cask Lids (Region I) NAC STC ANSYS Bottom Fine Mesh

Three-Dimensional Model
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Figure 2.10.2 20 ANSYS Three Dimensional Top Fine Mesh Finite Element |

Model NAC STC
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Figure 2.10.2 21 Upper Half of NAC.STC ANSYS Three. Dimensional Top Fine
Mesh Finite Element Model
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Figure 2.10.2 22 Details NAC STC ANSYS Three-Oimensional Top Fine Mesh

Model
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Figure 2.10.2 22 Details - NAC-STC ANSYS Three Dimensional Top Fine Mesh
Model
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O
Figure 2.10.2 23 Cask Bottom (Region A) NAC-STC ANSYS Top Fine Mesh

Three Dimensional Model
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Figure 2.10.2 24 Cask Lower Transition (Region B) - NAC STC ANSYS Top
Fine Hesh Three Dimensional Model
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Figure 2.10.2 25 Cask Lower Shell (Region C) - NAC STC ANSYS Top Fine
Mesh Three Ditnensional Model

ANSV8 4,439415 394
! E515 L385 561 261 51 JllM 23 1990

12:28:15.rutiDe L396 i

.!'9715irl 1397 562 262 63 PREF 7 ELEMEMft

L898 ' .13% N 53
ZU :1

i

hSTl999 1399 664 54 .5
WF :88
XM0:19>

L21P, 1319 565 55 YMO:2

|

L911 1311 h66 56

i
,f m .

' 67 575* L912 1312

1 !

L913 1313 668 E8

i
,

l914 1314 669 59

!

E915 1315 57 9 70

i'
:

t916 1316 671 71

()-

b?

2.10.2-62

__ . _ _ - - . - - - _ _ _ _ _ _ _ _ _ - _ _ _ _ - - - _ _ - _ .



September 1990
NAC-STC SAR
Docket No. 71-9235

'

O - NAC STC ANSYS Top Fine
Figure 2.10.2 26 Cask Middle Shell (Region D)

Mesh T h e-Dimensional Model
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Figure 2.10.2 27 Cask Upper Shell (Region E) NAC-STC ANSYS Top Fine

Mesh Three Dimensional Model
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s

Figure 2.10.2 28 Cask Upper Transition (Region F) NAC STC ANSYS Top

Fine Mesh Three Dimensional Model
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(

Figure 2..'0.2 29 Cask Upper Transition (Region G) NAC STC ANSYS Top

Fine Mesh Three Dimensional. Model
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Figure 2.10.2 30 Cask Top Forging (Region H) NAC STC ANFYS Too Fine ;

'

Mesh Three-Dimensional Model
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O
Figure 2.10.2 31 Cask Lids (Region 1) NAC STC ANSYS Top Fine Mesh

Three Dimensional Modal
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Figure 2.30 ' 32 Load Distribution for Cask Side Drop impact
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Figure 2.10.2 33 ANSYS Finite Element Model Structural Component
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rigure 2.10.2 34 ANSYS Finite Element Model Representative Section

Locations
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Figure 2.10.2 35 Circular Nodal Locations NAC STC ANSYS Three-

Dimensional Model
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Figure 2.10.2 36 Nodal Identification NAC STC ANSYS Three-Dimensional

Model
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Table 2.10.2 1 Circumferential Hesh Spacing

i

Circumferential Angular Location Angular Spacing

Plane Identification # Increment

Number (decrees) (decrees)

1 J.0 ...

2 8.3 8.3

3 17.0 8.7

4 26.2 9.2

5 35.8 9.6

6 45.9 10.1

7 56.5 10.6

8 67.7 11.2

9 79.4 11.7
:

10 91.7 12.3
]

11 104.7 13.0

-O 12 118.3 13.6

13 132.6 14.3

14 147.6 15.0

15 163.4 15.8'

16 180.0 16.6

.

LO
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Table 2.10.2 2 Circumferential Plane Percentage of 180' Arc

Circumferential
Plane Real Constant Sum of Adjacent Percentage

Identification No. Numbers Half Ar,21es of 180' Are

Inner Outer

Bolts E2lta

1 14 31 (1/2)(8.3) - 4.12 0.0233
2 15 32 (1/2)(8.) + 8.7) - 8.5 0.0472

3 16 33 (1/2)(8.7 + 9.2) - 9.0 0.0500

4 17 34 (1/2)(9.2 + 9.6) - 9.4 0.0522

5 18 35 (1/2)(9.6 + 10.1) - 9.9 0.0550

6 19 36 (1/2)(10.1 + 10.6) - 10.4 0.0577

7 20 37 (1/2)(10.6 + 11.2) - 10.9 0.0605

(" 8 21 38 (1/2)(11.2 + 11.7) - 11.5 0.0639

k 9 22 39 (1/2)(11.7 + 12.3) - 12.0 0.0667m

10 23 40 (1/2)(12.3 + 13.0) - 12.7 0.0706

11 24 41 (1/2)(13.0 + 13.6) - 13.3 0.0738 1

12 25 42 (1/2)(13.6 + 14.3) - 14.0 0.0778

13 26 43 (1/2)(14.3 + 15.0) - 14.7 0.0817

14 27 44 (1/2)(15.0 + 15.8) - 15.4 0.0956

15 28 45 (1/2)(15.8 + 16.6) - 16.2 0.0903

16 29 46 (1/2)(16.6) - 8.3 0.0461

'

|
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Table 2.10.2 3 Effective Inner Lid Bolt Properties

Circumferential
Plane Real Constant

' Shear i
Identification Nq. Numbers Arta Izz / Ivy Tkt/Tky Shear v

i 14 0.7300 0.0785 1.378 1.11

2 15 1.4790 0.1590 1.378 1.11

3 16 1.5665 0.1684 1.378 1.11

4 17 1.6354 0.1758 1 378 1.11

5 18 1.723 0.1852 1.378 1.11

6 19 1.8077 0.1943 1.378 1.11

7 20 1.8955 0.2037 1.378 1.11

8 21 2.0020 0.2152 1.378 1.11

9 22 2.0897 0.2246 1.378 1.11

10 23 2.2119 0.2377 1.378 1.11

(''' 11 '4 2.3122 0.2485 1.378 1.11'

.

12 25 2.4375 0.2620 1.378 -1.11'-

13 26 2.5500 0.2751 1.378 1.11

14 27 2.6818 0.2883 1.378 1.11

15 28 2.8197 0.3031 1.378 1.11

16 29 1.4443 0.1552 1.378 1.11

Ov

2.10.2 76

L-
-

-- - . . __ _.



- - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

September 1990
NAC STC SAR
Docket No. 71 9235

O
Table 2.10.2 4 Outer Lid Effectivo Solt Properties

Circumferential
Plane Real Constant

'$ hear c'
Identification No. Numbers Argg Irt/ Ivy Thr /Tky Shear v

1 31 0.2342 0.0105 0.879 1.11

2 32 0.5149 0.2124 0.879 1.11

3 33 0.5454 0.0225 0.879 1.11

4 34 0.5694 0.0235 0.879 1.11

5 35 0.5999 0.0248 0.879 1.11

6 36 0.6294 0,0260 0.879 1.11

7 37 0.6599 0.0272 0.879 1.11

8 38 0.6970 0.0288 0.879 1.11

9 39 0.7276 0.0300 0.879 1.11

10 40 0.7701 0.0318 0.879 1.11

11 41 0.8050 0.0332 0.879 1.11()
12 47 0.f,486 0.0350 0.879 1.11

13 43 0.8912 0.0378 0.879 1.11

14 44 J.9337 0.0385 0.879 1.11

15 45 0.9817 0,0405 0.879 1.11

16 46 0.5029 0.0207 0.879 1.11

0
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O Table 2.10.2 5 Identification of ANSYS Model Structural Components, Materials
and Allowables; Condition 1

.,

Condition 1: 100'F Ambient with Contents
'

Allowable Stress (ksi) |

. Normal Accident'

I P,+Pb P, P,+Pb
Comp Mat Max m

(8 ) (1*38 ) (0.7S ) (8 )
A Descrintion Material JJ} h m m u u

1
1 Botton Plate 304SS 5 136 28.2 30.0 $1.5 73.6

'2 Bottom Forging 304SS 6 201 '20.0 30.0 46.3 66.2

3 Transition Shell XM 195S 15 294 31.5 47.3 66.2 94.6"

4 Inner Shell 304SS 7 356 19.5 29.2 46.0 65.7
1

5 Outer Shell 304SS 8 330 22.2 29.6 46.0 65.8

6 Top Forging 304SS 9 233 20.0 30.0 45.2 64.6
2

; - 7 Inner Lid 304SS 10 200 20.0 30.0 48.0 71.0

8 - Outer Lid 17 4 PH SS 11 183 45.0 67.5 94.5 135.0
3 3

9 Inner Lid Bolt SB 637 Ni 13 210' 119.4 119.4
3 3

10 Outer Ltd Bolt 17 4 PH SS 12 184 98.4 98.4
c

| .

Notes:' ,

.1'g, g,'used (the greater of S , and S governs for nonconfinement structures).
'

y
- 2 2.4S governs.

3' Bolt'allowables based on material yield strength.

,

--

..

'

O
2.10.2 78

- - - . . . . - _..- - -----... . . - . - - . - - . - - . . - . . - - - - - - - . - - . . . . .



. _ . - . . . . . - - _ _ _ - . . - _ _ . _ . - _ - . . .-.

1

I |

NAC STC SAR September 1990
Docket No. 71 9235

Table 2.10.2 6 Identification of ANSYS Model Structural Components, Materials
and Allowables Condition 2

Condition 2: 20'T Ambient with Contents

Allowable Stress (ksi)
Normal Accident
I P,+Pb P, P,+Pb

Comp Hat Max m

(3 ) (1.55,) (0.7S } (8 )
_ID . De s c ritition Material 1D Temp. rn u u

1 2
1 Bottom Flate 304SS 5 9 30.0 30.0 52.5 75.0

1 3
2 Bottom Forging 304SS 6 80 20.0 30.0 48.0 70.0

3. Transition Shell XM 19SS 15 184 33.2 49.8 69.7 99.6
3

4 Inner Shell 304SS 7 243 20.0 30.0 48.0 68.9
2

5 Outer Shell 304SS 8 222 24.5 30.0 48.9 69.9
3

6 Top Forging 304SS 9 120 20.0 30.0 48.0 69.2 .

1 3 3
7 Inner Ltd 304SS 10 86 20.0 30.0 48.0 72.0

O'.

8 Outer Lid 17 4 PH SS 11 7< 45.0 67.5 94.5 135.0
0 4

9 Inner Lid Bolt SB 637 Ni 13 119.4 119.4
0 0

10 Outer Lid Bolt 17 4 PH SS 12 98.4 98.4

Notes:

1 Material properties at'100'T used for temperature less than 100'F.
2

S is used (The greater of S, and S governs for Nonconfinement Structure).y
3

2.4S, and 3.6S, govern.
' Bolt allowables based on material yield strength.

O
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Table 2.10.2 7 Identification of ANSYS Model Structural Components, Materials

;

and Allowables; Conditions 3, 4, and 54

Allowable Stress (ksi)
Normal Accident

Comp Mat Max P, P,+Pb P, P,+Pb'

A Descriorion Material IQ Temn.1 I3 ) (1.5S,) (0.7s ) (S }m y u

>

2
1 Botton Plate 304S5 5 s 100 - 30.0 30.0 52.5 75.0

3
2 Bottom Forging 304SS' 6 s 100 20.0_ 30.0 48.0 70.0

| 3 Transition Shell XM 19 SS 15 s 100 33.3 50.0 70.0 100.0
3 3

4 -Inner Shell 304SS 7 s 100 20.0 30.0 48.0 72.0
2

5 Outer Shell -304SS 8 s 100 30.0 30.0 $2.5 75.0~
3

6" Top Forging 304SS 9 s 100= 20.0 30.0 48.0 70.0-
3 3

7 Int.cr Lid 304SS 10 s 100 20.0 30,0 48.0 72.0

8 Outer Lia 17 4 PH SS 11 s 100 45.0 67.5 94.5 135.0

. 9 Inner Lid Bolt SB 637 Ni 13 s 100 115.0 115.0'0

10 Outer Lid Bolt 17-4 PH SS 12 s 100 105.0 105.0'4
>

i-

Notes:
1 Condition 3: 20*F ambient 'iithout contents

Condition 4: 40'F.: ambient without contents
Condition 5: 100'F ambient without contents
:(Material properties at 100*f used for -40*F and -20*F conditions.)

.

2 S is useci (the' greater of S, and S governs for nonconfinement structures).y y

3;2.4S, and 3.6S, govern.
!! 4 Bolt allowab1'es' based on material yield strength,

'

i

O
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O
Table 2.10.2 8 Section Cut Identification - (2 D Model)

Inside Node Outside Node

Redial Axial Radial Axial

Section* (in) (in) (ini (in)

A 0.00 14.40 0.00 8.20

B 0.00 6.20 0.00 0.75

C 35.50 14.40 35.50 8.20

D 39.44 6.20 39.44 0.75

E 39.44 8.20 43.35 8.20

F 35.50 14.40 37.50 14.40

C 40.70 14.40 43.35 14.40

H 35.50 29.40 37.00 29.40

I 40.70 29.40 43.35 29.40

J 35.50 55.65 37.00 55.65

K 40.70 55.65 43.35 55.65

O, L 35.50 96.90 37.00 96.90

M 40.70 96.90 43.35 96.90

N 35.50 138.15 37.00 138.15

0 40.70 138.15 43.35 138.15

P 35.50 160.40 37.00 160.40

Q 40.70 160.40 43.35 160.40

R 35.50 175.40 37.00 175.40

S 40.70 175.40 43.35 175.40

T 39.56 179.40 43.35 179.40

U 35.50 179.40 35.50 185.40

V 35.21 188.40 35,21 193.71

W 0.00 179.40 0.00 185.40

X 0.00 188.46 0.00 193.71

i

+ Refer to F1 ure 2.10.2 34 for the section cut locations.5
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Table 2.10.2 9 Section Cut Identification - (3 D Bottom Fine Mesh Model) f
!

I

Inside Node Outside Node

Radial Axial Radial Axial
,

1Section (ini (ini (in) (in)

A 0.00 14.40 0.00 8.20

B 0.00 6.20 0.00 0.75

C 35.50 14.40 35.50 8.20

D 39.44 6.20 39.44 0.75

E 39.44 8.20 43.35 8.20
2 2

F 35.50 15.00 37.50 15.00
2 2

G 40.70 15.00 43.35 15.00

H 35.20 29.40 37.00 29.40

i 'I 40.70 29.40 43.35 29.40

J 35.50 55.65 37.00 55.65

K 40.70 55.65 43.35 55.65
,

- L 35.50 96.90 37.00 96.90

M 40.70 96.90 43.35 96.90

t' 35.50 138.15 37,00 138.15

0 40.70 138.15 43.35 138.15

P 35.50 160,40 37.00 160.40

Q 40.70 160.40 43.35 160.40

R 35.50 175.40 37.50 175.40

S 40.70 175.40 43.35 175.40
3

T 40.70 179.40 43.35 181.68

U 35.50 179.40 35.50 185.40
0 0

V 35.50 187.40 35.50 193.71

W 0.00 179.40 0.00 185.40

X 0.00 187.40 0.00 193.71

1Refer to Figure 2.10.2 34 for the section cut locations
2Moved one section up from the root (Y - 14.40") to pick up higher
stresses

O- 3Moved up for impact pressure specification

4No nodes at outer lid bolt circle for three-dimensional bottom model
2.10.2-82
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Table 2.10.2 10 Section Cut Identification - (3 D Top Fine Mesh Model)

Inside Node Outside Node

Radial Axial Radial Axial
!#

Section (in) (in) (in) (in)

A 0.00 14.40 0.00 8.20

B 0.00 6.20 0.00 0.75

C 35.50 14.40 35.50 8.20

D 39.44 6.20 39.44 0.75

E 39.44 8.20 43.35 8.20

F 35.50 14.40 37.50 14.40

G 40.70 14.40 43.35 14.40

H 35.50 29.40 37.00 29.40

1 40.70 29.40 43.35 29.40

J 35.50 55.65 37.00 55.65

K 40.70 55.65 43.35 55.65

: L 35.50 96.90 37.00 96.90

M 40.70 96.90 43.35 96.90

N 35.50 138.15 37.00 138.15

0 40.70 138.15 43.35 138.15

P 35.50 160.40 37.00 160.40

Q 40.70 160.40 43.35 160.40

R 35.50 175.40 37.50 175.40

i S 40.70 175.40 43.35 175.40

| T 39.56 179.40 43.35 179.40

f U 35.50 179.41 35.50 185.40

V 35.21 188.40 35.21 193.71

V 0.00 179.40 0.00 185.40

X 0.00 188.46 0.00 193.71

O * Refer to Figure 2.10.2 34 for the section cut locations
b/

2.10.2 83

.. . - - .



- - - - _ _ _ _ - - _ - .

NAC STC St.R September 1990
Docket No. 71 9235

O
Table 2.10.2 11 Stress Point Locations 2 D Model

Location

Stress Point Radial Axial

ID Node (ini (in)

A1 1 0.00 14.40

A2 2 0.00 12.95

A3 3 0.00 11.30

A4 4 0.00 9.75

A-5 5 0.00 8.20

B1 6 0.00 6.20

B2 7 0.00 4.84

B3 8 0.00 3.48

B4 9 0.00 2,11

B5 10 0.00 0.75

O
C1 251 35.50 14.40

C2 252 35.50 12.85

C3 253 35.50 11.30

C4 254 35.50 9.75

C5 255 35,50 8.20

D1 306 39.44 6.20

D2 307 39.44 4.84

D3 308 39.44 3.48

D4 309 39.44 2,11

D5 310 39.44 0.75

E1 305 39.44 8.20

E2 315 40.70 8.20

E3 325 41.36 8.20

E4 335 42.03 8.20

E5 345 42.69 8.20

E6 355 43.35 8.20)

2.10.2 84
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Table 2.10.2-11 Stress Point Locations - 2-D Model (continued)

Location

Stress Point Radial Axial

ID Node (in) (in)

F1 251 35.50 14.40

F-2 261 36.17 14.40

F-3 271 36.83 14.40

F4 281 37.50 14.40

G1 311 40.70 14.40

G2 321 41.36 14.40

G3 331 42.03 14.40

G-4 341 42.69 14.40

G5 351 43.35 14.40

E0 .

H1 581 35.50 29.40

H2 582 36.00 29.40

H3 583 36.50 29.40

H4 584 37.00 29.40

I1 589 40.70 29,40-

I2 590 41.36 29.40

I3 591 42.03 29.40

I4 592 42.69 29.40

I5 593 43.35 29.40

J1 971 35.50 55.65

J2 972 36.00 55.65

J3 973 36.50 55.65

J4 974 37.00 55.65

K1 979 40.70 55.65

K2 980 41.36 55.65
),

K3 981 42.03 55.65

2.10.2 85
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Table 2.10.2-11 Stress Point Locations 2 D Model (continued)

Location
Stress Point Radial Axial

ID Node (in) (in)
_

i

K-4 982 69 55.65

K5 983 s.35 55.65
'

L1 1601 35.50 96.90

L2 1602 36.00 96.90

L3 1603 36.50 96.90

L4 1604 37.00 96.90

M1 1609 40.70 96.90

M2 1610 41.36 96.90

- M3 1611 42.03 96.90

H+4 1612 42.69 96.90

M5 1613 43.35 96.90

N1 2216 35.50 138.15

N-2 2217 36.00 138.15

N3 2218 36.50 138.15

N4 2219 37.00 138.15

01 2224 40.70 138.15

02 2225 41.36 138.15

03 2226 42.03 138.15

04 2227 42.69 138.15

0-5 2228 43.35 138.15

P1 2546 35.50 160.40

P-2 2547 36.00 160.40

P3 2548 36.50 160.40

P4 2549 37.00 160.40

rhv
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O' Table 2.10.2 11 Stress Point Locations - 2-D Model (continued)
,

Location
Stress Point Radial Axial

ID Node (in) (in)

Q1 2554 40.70 160.40
Q2 2555 41.36 160.40

;

Q-3 2556 42.03 160.40 '

Q4 2557 42.69 160.40
Q5 2558 43.35 160.40

\R1 2771 35.50 175.40 ;
R2 2772 36.17 175.40 1

R3 2773 36.83 175.40
R4 2774 37.50 175.40

(} S1 2779 40.70 175.4v
S2 2780 41.36 175.40
S-3 2781 42.03 175.40 |

S4 2782 42.69 175.40
S5 2783 43.35 175.40

T1 7066 39.56 179.40
T-2 7067 40.22 179.40
T3 7068 40.88 179.40
T4 7069 41.50 179.40
T5 7070 42.11 179.40
T6 7071 42.73 179.40
T-7 7072 43.35 179.40

U1 3051 35.50 179.40
U2 3052 35.50 180.60
U3 3053 35.50 181.80
U4 3054 35.50 183.00
U5 3055 35.50 184.20,-() U6 3056 35.50 185.40,

| 2.10.2 87
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() Table 2.10.2-11 Stress Point Locations - 2 D Model (continued)

Location
Stress Point Radial Axial

ID Node (in) (in)

V-1 3611 35.21 186.40
V-2 3612 35.21 189.23
V-3 3613 35.21 190.1-V-4 3614 35.21 191.(3
V5 3615 35.21 191.50
V6 3616 35.21 192.78
V7 3617 35.21 193.71

W1 3241 0.00 179.40
W2 3242 0.00 180.60
W3 3243 0.00 181.80
W4 3254 0.00 183.00
V5 3245 0.00 184.20
W-6 3246 0.00 185.40

X-1 3801 0.00 188.46
X2 3802 0.00 189.28
X3 3803 0,00 190.15
X4 3804 0.00 191.03
X5 3805 0.00 191.90
X-6 3305 0.00 192.78
X7 3807 0.00 193.71

,Oi

( q/
.
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VO
Table 2.10.2 12 Stress Point Locations 3-D Bottom Fine Hesh Model

location

Stress Point Radial Axial
ID Node (in) (in)

i

|A1 1130 0.00 14.40

A2 1129 0.00 11.35

A-3 1128 0.00 8.20

B1 1185 0.00 6.20
B2 1184 0.00 3.48
B3 1183 0.00 0.75

C1 90 35.50 14.40
- C-2 80 35.50 13.60 )() C-3 70 35.50 12.80

C-4 60 35.50 12.00 j

C5 50 35.50 9.50 |

C6 40 35.50 8.20
|

D1 25 39.44 6.20
D2 15 39.44 3.48
D3 5 39.44 0.75

E1 35 39.44 8.20
E-2 34 40.70 8.20

E3 33 41.58 8.20
E4 32 42.47 8.20

-' E5 31 43.35 8.20

F1 100 35.50 15.07

F2 99 36.17 15.07

F3 98 36.83 15.07

(''- F-4 97 37.50 15.07

h
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O Table 2.10.2 12 Stress Point Locations . 3 D Bottorn Fine Mesh Model
(continued)

Location

Stress Point Radial Axial
ID Node (in) (ini

C.1 94 40.70 15.52

C.2 93 41.58 15.52

G3 92 42.47 15.52

G.4 91 43.35 15.52

H.1 330 35.50 29.40

11 2 329 36.00 29.40

H3 328 36.50 29.40

11 4 327 37.00 29.40

11 244 40.70 29.40

12 243 41.58 29.40

13 242 42.47 29.40

14 241 43.35 29.40

J1 550 35.50 55,65

J2 548 36.25 55.65

J.3 547 37.00 55.65

K1 344 40.70 55.65

K.2 342 42.03 55,65

K3 341 43.35 55.65

L.1 740 35.50 96.90

L.2 738 36,25 96.90

L.3 737 37.00 96.90

O-
M.1 454 40.70 96.90

M.2 452 42.03 96.90
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Table 2.10.2-12 Stress Point Locations 3 D Bottom Fine Mesh Model

(continued)
|

Location
Stress Point Radial Axial

ID Node (in) (ini

M3 451 43.35 96.90

N1 810 35.50 138.15

N2 807 37.00 138.15

01 524 40.70 138.15 ,

02 521 43.35 138.15

P1 850 35.50 160.40

P2 847 37.00 160.40

O, '

%_ - Q1 564 40.70 160.40

Q2 561 43.35 160.40

R1 890 35.50 175.40

R2 887 37.50 175.40

S1 604 40.70 175.40

S2 601 43.35 175.40

T1 614 40.70 179.40

T2 611 43.35 179.40

U1 900 35.50 179.40

U2 910 35.50 185.40

V1 920 35.50 187.40

V2 930 35.50 193.71

0
\
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m

Table 2.10.2 12 Stress Point Locations - 3 D Bottom Fine Mesh Model
(continued) !

|

Location

Stress Point Radial Axial
ID Node (in) (in)

W1 1216 0.00 179.40

W2 1226 0.00 185.40

X1 1236 0.00 187.40

X2 1246 0.00 193.71

(

|

|

s=. t
|

|
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O
Tabic 2.10.2 13 Stress Point Locations - 3 D Top Fine Mesh Model

Location

Stress Point Radial Axial

ID Node (in) (in)

A-1 1949 0.00 14.40

A2 1950 0.00 12.78

A3 1951 0.00 8.20

B1 1952 0.00 6.20

B2 93 0.00 0.75

C1 1925 35.50 14.40

C2 1926 35.50 12.78

C3 1927 35.50 8.20

D1 683 39.44 6.20

D2 85 39.44 0.75

E1 682 39.44 8.20

E2 82 43.35 8.20

F1 1925 35.50 14.40

F2 1325 37.50 14.40

C1 680 40.70 14.40

C2 80 43.35 14.40

H1 1921 35.50 29.40

H2 1321 37.00 29.40

I1 676 40.70 29.40

12 76 43.35 29.40

.
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O
Table 2.10.2 13 Stress Point Locations 3 D Top Fine Mesh Model

(continued)

Location
Stress Point Radial Axial

ID Node (in) (in)

,

J-1 1916 35.50 55.65

J2 1316 37.00 55.65

K1 671 40.70 55.65

K2 71 43.50 55.65

L1 1908 35.50 96.90

L2 1308 37.00 96.90

.
M1 663 40.70 96.90

M2 63 43.50 96.90

N-1 1877 35.50 138.15

N2 1477 36.25 138.15

N3 1277 37.00 138.15

01 647 40.70 138.15

0-2 247 42.03 138.15

03 47 43.35 138.15 -

P1 1840 35.50 160.40

P-2 1640 36.00 160.40

P3 1440 36.50 160.40

P4 1240 37.00 160.40

Q-1 628 40.70 160.40

Q2 428 41.58 160.40

/ ) Q3 228 42.47 160.40

Q4 28 43.35 160.40'"'

2.10.2 94
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O
Table 2.10.2 13 Stress Point Locations 3-D Top Fine Mesh Model

(continued)

Location

Stress Point Radial Axial

ID Node (in) (in)
_

R1 1816 35.50 175.40

R2 1616 36.17 175.40

R3 1416 36.83 175.40

R4 1216 37.50 175.40

S1 616 40.70 175.40

S-2 416 41.58 175.40

S3 216 42.47 175.40

S4 16 43.35 175.40
''
.

T1 811 39.56 179.40

T2 611 40.51 179.40

T3 411 41.46 179.40

T4 211 42.40 179.40

T5 11 43.35 179.40

U1 43058 35.50 179.40
,

U2 43057 35.50 180.15

U3 43056 35.50 180.90

| U4 43055 35.50 181.65

f U5 43054 35.50 182.40

U6 43053 35.50 183.15

.
U7 43052 35.50 183,90

l

|-
U8 43051 35.50 185.40

V1 50024 35.21 188.40

V2 50023 35.21 190.15

ID V3 50022 35.21 191.90
V V4 50021 35.21 193.71

2.10.2-95
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Table 2.10.2 12 Stress Poine. Locations 3 D Top Fine Mosh Model

(continued)

Location

Stress Point Radial Axial

ID Node (in) (in)

W1 43278 0.00 179.40

W2 43274 0.00 182.40

W-3 43271 0.00 185.40

X-1 50084 0.00 188.46

X-2 50083 0.00 190.15

X3 50081 0.00 193.71

O

O
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2.10'.4 = Detailed Finite Element Stress Summaries

This section documents the finite element stress results from the
different loading cases for the normal condition of transport and

hypothetical accident conditions. Nodal and sectional stress summaries
are presented'for the representative sections as defined in Section
2,10.2.4.2. Critical stress summaries are presented for the critical I

component sections' determined as described in Section 2.10.2.4.1.

A summary of the individual and combined loading conditions is provided,.,

- followed by the stress summary tables. ,

{
.

|'

&

O

!'

; LO.
.
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Table 2.10.4 121 Primary Stresses; 30. Foot Pattom End Drop; Drop Orientation - 0
Degrees; 2.D Model; Condition 1

,

Condition 1: 100*F Ambient with Contents

Principal
.

Stress Points Stress Components (ksi) Stresses (ksi)

Section* Node- Sx Sy Sz Sxy Syz Szx- S1 S2 S3 !

............................................................................."

A1 1 21.0 1.0 21.0 0.0 0.0 0.0 21.0 21.0 1.0#-

A2 .2 11,9 1.1 11.9 0.0 0.0 0.0 11.9 11.9 -.1.1
A3 3 2.9 1.3 2.9 0.0 0.0 0.0 2.9 2.9 -1.3
A4 4 6.1 1.5 -6.1 0.0 0.0 0.0 1.5 6.1 6.1-
AS 5 15.2 1.6 15.2 0.0 0.0 0.0 -1,6 15.2 -15.2
B1 6- 12.2 -1.8 12.2 0.0 0.0 0.0 12.2 12.2 -1.8
B2 7 4.3 -1.9 4.3 0.0 0.0 0.0 ~4.3 4.3 1.9-
B3 8 3.6 -2,1. --3.6- 0.0 0.0 0.0 -2.1 -3.6 -3.6-,

184- 9- 11.5 -2.2: -11.5 0.0 0.0 0.0 2.2 -11.5 11.5
.B5 10 -19.3- 2.4 19.3 0.0 0.0 0.0 2.4 19.3 -19.3

C1 251 -11.2. 13.5 -0.4 2.3 0.0 0.0 0,4- 9.7 14.9 ,
*

C2 252 -1.8 -5.6 2.4 -1.7 0.0 0.0 2.4 -1,2 6.2
C3- 253 J3.1; 2.5 2.7 1.8 0.0 0.0 3.6 2.7 3.0

O C4- 254 9.3 1.6 2.7 -1.4 0.0 0.0 9.4- 2.7 1.8
C5 255 16.1 -1.4 2.5 -1.0 0.0 0.0 16.2 2.5 -1.5
D1 306. 17.9 -15.3 -8.4 -5.3 0.0 0.0 -8.4 -11.1 22.1-
D2- 307 - -4.7 -11.0 4.7 2.3 0.0 0.0 -4.0 4.7 . 11.7
D3 308 el.2 5.6 .3.7 0.0 0.0 0.0 1.2 3.7 5.6
D4- 309 2.? 3.o -3.8 05 0.0 0.0 2.3 3.7 3.8

.

D5 -310 6.6 2 ~. 9 3.9 0.5 0.0 0.0 6.6 2.9 -3,9

'El 305 15.2 -4.7 3.5 -3.5 0.0 0.0 15.8 3.5 5.3
E2. 315 -7.3 6.9 1.0 4.5 0.0 0.0 8.6 1.0 8.2
E3' 325 3.1 -5.4 0.3 4.4 0.0 0.0 5. 0.3 7.3
E4- 335' 1.5 4-4 0.2- -3.4 0.0 0.0 3.1 0.2 -6.0.

.

ES -- 34 5 - 0.6 - 3.7 0.2 2.0 0.0- 0.0 1.4. 0.2 -4.5=
lE6 355 0.2 - 3. 6 0.1. -1.2 0.0 0.0 0.6 0.1 -3.9

' 0.4 -2.3 0.0 0.0 0.4 9.7 -14.9F1 -251 -11.2 -13.5 -

F2 261 -8.1 -6.1 2.k -0,8 0.0 0.0 2.2 -5.8 -8.4
F3' 271- -5.4 -0.6 4.2 0.1 0.0 ' 0. 0 ' 4.2 -0.6 5.4
F4- 281 5.4. 4.0. 5.3 -0.2 0.0 .0.0 5.3' 4.0' 5.4

' Cl- 311 -7.8 --12.6 -1.0 -0.4 0.0: 0.0 1.0 -7.8 -12.6
C2 321 -5.5 --7.9 0.8 0.3- 0.0 0.0 0.8 -5.4 -7.9
C3- 331 --2.8 -4.7 2.3 0.9- 0' . 0 0.0 2.3 2.5 5.1
C4 '341 -1.1 -1.5 3.5- 0.7 0.0 0.0 3.5 -0.6 -2.0
C5 351 0.5 2.6 4.7- 0.4 0.0 0.0 4.7 . 2. 7 0.6

=H1- 581 -0.1- 3.0 1. 7 ' O.0 0.0 0.0 - 1.7 -0.1 -3 0-.

H2 582 0.2 4.8 1.2 0.0 0.0 0.0 1.2 -0.2 -4.8
H3 583 0.1 -6.6 0.7 0.2 0.0 0.0 0.7 0.1 -6.6
H41 584 0.1 -9.1 0.0 0.5 0.0 0.0 0.0 0.1 -9.2
Il 589 1.0 -3' 6 1.1 0.0 0.0 0.0 1.1 0.0 -3.6

.

~

'I2 590 0.0 4.2 0.9 0;0 0.0 0.0 0.9 0.0 -4.2
D -

.

-13 591 0.0 4.7 0.8 0.0 0.0 0.0 0.8 0,0 4.7
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. Table 2.10.4 121 Primary Stresses; 30-Foot Bottom End Drop; Drop Orientation - 0
Degrees: 2-D Model; Condition 1 (continued)

' Condition 1: 100'F Ambient with Contents

Principal

Stress Points Stress Components (ksi) Stresses (ksi)
Section* Node Sx Sy Sz Sxy Syz Szx S1 S2 S3

.............................................................................

I4- 592 0.0 -5.3 0.6 0.0 0.0 0.0 0.6 0.0 -5.3
151 593 0.0 5.9 0.4 0.0 0.0 0.0 0.4 0.0 5.9
J1 971- 0.1 -5.4 1.2 0,0 0.0 0.0 1.2 ~'0.1 5.4 4

J2 972 0.0 5.4 1.2 0.0 0.0 0.0 1.2 'O.0 5.4
DJ3 973 0.0 -5.4 1.2 0.0 0.0 0.0 1.2 0.0 5,4

-J4 974 0.0 -5.4 1.2 0.0 0.0 0.0 1.2 0.0 5.4
K1 979 0.0 4.2 0.0 0.0 0.0 0.0 0.0 0.0 4.2
K2 980 0.0 4.2 0.0 0,0 0.0 0.0: 0.0 0.0 4.2
K3 981 0.0 -4,1 0.0 0.0 - 0. CF 0.0 0.0 0.0 -4.1
K4 982 -0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 4.1
K5 983 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 4.1
L1 1601 - O '.1 4.4 1.2 0.0 0.0 0.0 1.2 -0.1 4.4

: 12 1602 0.0 -4.4 1.2 0.0 0.0 0.0 1.2 0.0 4.4
.! ' .L3 '1603 0.0 -4.4 1.2 0.0 0.0 0.0 1.2 0.0 4.4

'

L4' -1604 0.0 -4.4 1.2 0.0 0.0- -0.0 1.2 0.0 4.4
M1 '1609 0.0 3.2 0.0 0.0 0.0 0.0 0.0 0.0- 3.2
M2 1610 0.0 -3.2 0.0 0.0 0.0 0.0 0.0 0.0 3.2
M3" 1611 10 . 0 3.2 0.0 0.0 0.0 0.0 0.0 0.0 -3.2
M4 1612 0.0 3.2 0.0- 0.0 0.0 0.0 0.0 0.0 3.2
M5 '1613 0.0 -3.2 1).0- 0.0 0.0 .0.0 0.0 00 3.2.

N1. ~2216- -0.1 -3.4 1.2. 0.0 0.0 0.0- 1.2 -0.1 -3.4
N2 2217' O.0 :.3.4 1.2 0.0 0.0 0.0 1.2- 0.0 3.4
N3 2218 0.0 3.4 1.' 2 0.0 0.0 .0.0 1.~ 2 0.0 -3.4
N4' 2219 0.0 -3.4 1.2 0.0 0.0 0.0 1.2 0.0 3.4
01. 2224' O0 2,2 0.0 0.0 1),0 0.0 0.0- 0.0- -2.2-

J02 '2225 .0.0 -2.2 0.0 0.0 0.0 0.0 0.0 0.0: -2.2.
03 2226' O.0 -2.2 0.0 0.0 0.0 0.0 0.0 0.0 2.2s

04 2227- 0.0- 2.2 0.0 0.0, - 0. 0 0.0 0.0 0;0- 2.2
-05 2228 0.0 -2,2 0.0 0.0 0.0 0.0 0.0 0.0 -2.2
'P1 2546? -0.1- -2.1 .1.1 0.0 0.0 0.0- 11 1 - 0.1 '.2.1

P2 2547 0.1 2.6' 1.0 0.0 0.0 0.0 1.0 0.1 2.6
.P3 .2548 0.1 -3.0 0.9 0.1 0.0 0.0 09 0.1' -3,0

.

:P4 ;2549- 0.0 3.6 0.7 0.2 0.0 0.0 0.7 0.0 - 3 .' 7 '

' Q1- ~2554 0.0 1.4 '0.3 0.0 .0.0 0.0 0.3 0.0 -1.4
Q2~ '2555 0.0 -1.5 0.3 0.0 0.0 0.0 03 0.0 -1.5
Q3 2556 0.0 1.7 0.2 0.0 0.0 0.0- 0,2 0.0- 1.7

,

L -Q4 2557 0.0 -1.8 0.2 0.0 0.0 0.0 0.2 0.0 1.8
-QS 2558 0.0 -1.9. 0.1 0.0 0.0 0.0 0.1 0.0 -1.9

R1 2771 -0.3 -4.4 0.0 0.2 0.0 0.0 0.0 -0.3 -4.4

R2~ 2772 0.1 2.9 0.4 0.3 0.0 0.0 0.4 0.1 2.9
: - R3 '2773 0.2 -1.4 0.8 0.4 0.0 0.0 0.8 -0.1 -1.5

R4- 2774 0.7 1.0 1.3 0.5 0.0 0.0 1.3 1.2 0.9L- - .
r
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OO Primary Stresses; 30. Foot Bottom End Drop; Drop Orientation - 0Table 2.10.4 121
Degrees; 2.D Model; Condition 1 (continued)

Condition 1: 100*F Ambient with Contents
Principal

Stress goints Stress Components (ksi) Stresses (ksi)
Section Node Sx Sy Sz Sxy Syz Szx S1 S2 S3

.............................................................................

S1 2779 2.1 -2.9 0.4 0.2 0.0 0.0 0.4 2.0 2.9

S2 2780 1.3 1.8 0.1 0.0 0.0 0.0 0.1 1.3 1.8

S3 2781 0.7 1.1 0.4 0.2 0.0 0,0 0.4 0,5 1.2

S4 2782 0.3 0.3 0.7 -0.2 0.0 0.0 0.7 0.1 0.5
SS 2783 -0.1 0.7 1.0 0.1 0.0 0.0 1.0 0.8 0.1

T1 7066 1.9 1.6 1.1 0.5 0.0 0.0 2.3 1.2 1.1
T2 7067 1.5 0.1 0.5 0.1 0.0 0.0 1.5 0.5 0.1
T3 7063 1.0 0.5 0.3 0.0 0.0 0.0 1.0 0.3 0.5
T4 7069 0.6 0.8 0.1 0.1 0.0 0.0 0.6 0.1 0.8
TS 7070 0.3 1.1 0.1 0.1 0.0 0.0 0.3 0.1 1.1
T6 7071 0.1 1.4 0.2 0.1 0.0 0.0 0.1 0.2 1.4

T7 7072 0.1 1.9 0.3 0.1 0.0 0.0 0.1 0.3 1.9
U1 3051 1.2 3.6 0.6 0.7 0.0 0.0 0.6 1.0 3.8
U2 3052 0.4 3.7 0.1 0.7 0.0 0.0 0.1 0.2 -3.9
U3 3053 0.3 3.5 0.2 0,3 0.0 0.0 0.3 0.2 3.5
U4 3054 0.6 2.9 0.5 0.3 0.0 0.0 0.6 0.5 2.9
US 3055 0.4 2.3 0.9 0.3 0.0 0.0 0.4 0.9 2.3

/''N U6 3056 1.2 1.0 0.7 0.4 0.0 0.0 1.2 0.7 1.0
(_,) V1 3611 0.6 0.1 1.8 0.1 0.0 0.0 1.8 0.6 0.1

V2 3612 0.3 0.2 1.1 0.1 0.0 0.0 1.1 0.3 0.2
V3 3613 0.1 0.4 0.5 0.1 0.0 0.0 0.5 0.2 0.5
V4 3614 0.0 0.7 0.1 0.1 0.0 0.0 0.0 0.1 0.7
V5 3615 0.1 1.1 0.8 0.0 0.0 0.0 0.1 0.8 1.1
V6 3616 0.3 0.5 1.2 0.0 0.0 0.0 0.3 0.5 -1,2

V7 3617 0.8 0.4 1.7 0.0 0.0 0.0 0.4 0.8 1,7

W1 3241 4.7 0.0 4.7 0.0 0.0 0.0 4,7 4.7 0.0
W2 3242 3.0 0.0 3.0 0.0 0.0 0,0 3.0 3.0 0.0
W3 3243 1.4 0.0 1.4 0.0 0.0 0.0 1.4 1.4 0,0

W4 3244 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.2 0.2
W5 3245 1.9 0.0 1.9 0.0 0.0 0.0 0.0 1.9 1.9
W6 3246 3.5 0.0 3.5 0.0 0.0 0.0 0.0 3.5 -3.5
X1 3801 4.6 0.1 4.6 0.0 0.0 0.0 4.6 4.6 0.1
X2 3802 3.1 0.1 3.1 0.0 0.0 0.0 3.1 3.1 0.1
X3 3803 1.6 0.0 1.6 0.0 0.0 0.0 1.6 1.6 0.0
X4 3804 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.0
X5 3805 1.4 0.0 -1.4 0.0 0.0 0.0 0.0 1.4 1.4
X6 3806 2.9 0.1 2.9 0.0 0.0 0.0 0.1 2.9 2.9
X7 3807 4.6 0.1 4.6 0.0 0.0 0.0 0.1 -4.6 4.6

.............................................................................

Refer to Figure 2.10.2 34 for the identification of the representative sections.*

Note: Sx, Sy and Sz are normal stresses corresponding to radial, longitudinal
and circumferential stresses, respectively.
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O
Table 2.10.4 122 P , Stresses; 30. Foot Bottom End Drop; Drop Orientation - 0 Degrees; 2 D ]

Model; Condition 1

'

Condition 1: 100'F Ambient with Contents

Stress Components Principal Stresses

(ksi) (ksi)
Section* Node . Node !bc Sy Sz 'Sxy Syz Szx S1 S2 S3 S.I,

.................................................................................

A 1 '5 2.9 1.3 2.9 0.0 0.0 0.0 2.9 2.9 1.3 4.2

B 6- 10 3.6 2.1 3.6 0.0 0.0 0.0 2.1 -3.6 3.6 1.5

C 251 255 3.2 4.3 2.2 1.6 0.0 0.0 3.6 2.2 4.6 8.2

D 306 - 310 2.3 7.3 4.6 1.1 0.0 0.0 2.1 4.6 7.5 5.4 .

E 305 355 5.1. 5.0 1.0 3,4 0.0 0.0 6.2 1.0 6.1 12.3

F~ 251 281 .7.3 3.7 3.0 0.6 0.0 0.0 3.0 3.6 7.4 10.3-

G 311 351 3.4 4.7 2.1 0.5 0.0 0.0 2.1 3.2 4.9 7.0

H 581 584 0.1 5.9 0.9 0.2 0.0 0.0 0.9 0.1 5.9_ 6.8

I 589 593 0.0 4.8 0.8 0.0 0.0 0.0 0.8 0.0 4.8 5.5
j ;

(_, . .J 971 -974' 0.0 5.4 1.2 0.0 0.0 0.0 1.2 0.0 5.4 6.6

K- 979 983 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 4.1 4.1

L 1601 - 1604- 0.0 4.4 1.2- 0.0 0.0 0.0 1.2 0.0 4.4 5.6

M 1609'. 1613 0.0 3.2 0.0 0.0 0.0 0.0 -0.0 ^0 3.2- 3.2-.

N 2216 2219' O.0 3.4 1.2 0.0 0.0 v.0 -1. 2 - 0.0 3.4 4.6

0 2224 . 2228 10.0 2.2 0.0 0.0 0.0- 0.6 0.0 0.0 -2.2 2.2

' 0.1 0.0 0.0 0.9 0.1 2.8 3.7P: 12546 '2549 0.1 .2.8 0.9 .

-Q 2554 .~ : 2558 0.0 1.7 0.2 0.0 -0.0 0.0- -0.2 0.0 1.7 1.9

R 2771 2774 0.3 2.0 0,6 0.3 0.0 0.0 0.6 0.2 2.0 2.7

S 2779 . -2783 0.8 1.0 0.4 0.1 0.0 0.0- 0.4 0.8- 1.1 1.5-

T- -7066 . '7072 0.8 0.6 0.2 0.0 0.0 0.0 '0.8- 0.2 0.6 1.4'

U 3051 - 3056 0.2 3 ~. 0 0.4- 0.2 0.0 0.0- 0.2 0.4 3.0 3.2-

11 - 3611 . '3617 0.0 0.4 0.1 0.1 0.0 0.0- 0.0 0.1 0.4 'O.4
'

LV- ~3241 '. 3246' O.6 -0.0 0,6 0.0 0.0 0.0 0.6 0.6 0.0 0.6

X -3801 3807 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 -

..................................................................................

* Refer to Figure 2.10.2 34 for the identification of the representative sections.

l Note: Sx. Sy and Sz are normal stresses corresponding to radial, longitudinal ,

I and circumferential stresses, respectively.
L
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O ' Stresses; 30. Foot Botton End Drop; Drop Orientation - 0Table 2.10.4 123 P,+ P3
,

Degrees; 2.D Model; Condition 1
~

Condition 1: 100'F Ambient with Contents'

' Stress Components Principal Stresses
'

(ksi) (ksi)
Section- Node . Node Sx Sy Sz Sxy Syz Szx S1 S2 S3 S.I.*-

..................................................................................

AI 1. 5 21.0 1.0 21.0 0.0 0.0 0.0 21.0 21.0 1.0 22.0

B0 6 -10 19.4 . 2.4 19.4 0.0 0.0- 0.0 2.4 19.4 19.4 17.0

C0 251-- 255 15.9 -.1.4 3.2 1.6 0.0 00 16.1 3.2 -1.6 17.7.

D'O 306 310 7.9 2.9 2.8 1,1 0.0 0.0 8.0 2.8 3.0 11.0

E I- 305 - 355 15.2 6.4 2.5 3.4 0.0 0.0 1 " . 'i - 2.5 7.0 22.7
'

FI 251~. 281 11.2 12.4 0.1 0.6 0.0 0.0 0.1 10.9 12.7 12,7

GI 311 '351' 7.8 11.9 0.7 - 0.5 0.0 0.0 0.7 7.8 -12.0 11.3

H0 581 584 0.1 8.8 0.1- 0.2 0.0 0.0 0.1 0.1 8.8 8.9 :!

77-s - I~ 0 589 593- 0.0 ;5.9 0.4 0.0 0.0 0.0 0.4 0.0 -5.9- 6.3

- JLI 971 - 974 0.1= 5.4 1.2' O.0 0.0' 0,0 1.2 0.1 -5.4 6.6

'KI 979 983 0.0 -4.2 0.0 0.0- 0.0 0.0 0.0 0.0 4.2 4.2

LI 1601 1604 0.1 4.4 1.2 0.0 0.0 0.0 1.2 0.1 -4.4 5.6

M0 1609- 1613 0.0 3.2 0.0 0.0 0.0 0.0 0.0 0.0' 3.2' 3.2
..

>NI ~2216 2219 0.1 3.4 1.2 0.0 0.0 0.0 1.2 0.11 3.4 4.6

0 I- 2224 '2228- 0.0 2.2 -0.0- 0.0 0.0 0.0 0.0 .0.0- 2.2 2.2

'P O .2546'. 2549 0.0 3.5 0.7 .0.1 0.0 0.0 0.7 ~0.0 .3.5 4,2

Q 0- '2554 . . 2558 -0.0 1.9 0.1- 0.0 0.0 0.0 0.1- 0.0 .1.9 -2.1 A'

R I- 2771 . ~2774 0.3 4.6 0.0- 0.3 0.0 0.0: 0.0 0.2 4.6 4.6
.

S I' '2779-.. 2783' 2.1 2.8 0.3 0.1 0.0 0.0 0.3 -2.0 2.8 -2.5

T- 0 7066 7072 0.1 2.0 0.4 0.0. 0.0 0-0 0.1 0.4 -2.0 2.1.

c .0.0 0.0 0.3 0.7-.-11.2 .11.4
! UI 3051 .- 3056 .0.7 11.2 0.3 ' O.2

V0 3611 - 3617 0.6 0.4 1.8 0.1 0.0 0.0 0.4 0.6 1.8 2.2-

W I. 3241 - 3246 4.7 0.0 4.7 0.0 0.0 0.0- 4.7 4.7 0.0 4.7

'X.0- 3801'- 3807 4.5 0.1 4.5 0.0 0.0 0.0 0.1 ~.4.5 4.5 4.7
3 ...................................................................................g

'* Refer to Figure 2.10.2-34 for the identification of the representative sections.,

L Note: Sx,' Sy and Sz_are normal stresses corresponding to radial longitudinal- *

j- and circumferential stresses, respectively.

2.10.4'.184

_ _ _ _ _ _ _ _ . . _ _ _ . , _ . . _. - ., _ _ __ ~ . _ _ - ,



. . . . _ _ . ._. _ _ _ _ _ _ . . . . . _ . . . . _ _ . _ _ _ _ _.. _ _.

NAC.STC SAR September 1990
Docket No. 71 9235

,

O
Table 2.10.4-124 Critical P, Stress Summary: 30. Foot Bottom End Drop; Drop Orientation = 0

-Degrees; 2.D Mo(el;-Condition 1

Condition 1: 1)0*F Ambient with Contents

Principc1

P, Stresses (ksi) Stresses (ks.') Margin ,

Comp. Section Cut Allow, of

No . * ' Node. Node Sx Sy Sz Sxy Syz Szx S1 S2 S3 S.I. Stress Safety

............................................................................................

1 306 310 2.3 7.3 4.6 1.1 0.0 0.0 2.1 4.6 7.5 5.4 51.5 8.5

2 305 355 5.1. 5.0 ' 1.0 3.4 0.0 0.0 6.2 1.0 6.1 12.3 46'.3 2.8

3 416 419 0.1. 4.7 5.6 0.6 0.0 0.0 5.6 0.0 4.8 10.4 66.2 5.4

4 851 854 0.0 . 5.6 1.2 0.0 0.0 0.0 1.2 0.0 5.6 6.8 46.0 5.8

5- 544 548 0.0 4.8 1.4 0.1 0.0 0.0 1.4 0.0 4.8 6.2 46.0 6,4-

6 7064 2774 0.0 3.8 1.7 0.4 0.0 0.0 3.8 1.7 0.0 3.9 45.2 10.7

.7 3021 3026 0.2 8.0 1.7 0.2 0.0 0.0 0.2 1.7 -8.0 8.3 48.0 4.8

8 3621 3627 0.0 .0.6 0.2 0.1 0,0 -0.0 0.0 0.2 0.6 0.6 -94.5 144.7

y ............................................................................................

Locations of the most critica1E sections for each ' component are provided in the following:
i

Section Location

Inside Node Outside Node

Comp. X .Y X Y

No * ' .(in) (in) (in) (in)
..................................................................

. 1, 39.44 6.20 39.44 0.75

2 39.44 8.20 43.35 8.20

3 35.50 18.40 37.50 18.40
4 35.50 47.40 37.00 57.40

5 '40.70 26.40 43.35 26.A0

6- 37.655- 179.40 37.50 175.40

7 .37.655 179.40 37.655 185.40

8 33.705 188.40 33.705 193.71
..................................................................

* Refer to Figure 2.10.2 33 for cask component identification.

~ () Note: The X (radial) and Y (longitudinal) are global cartesian coordinate axes. Sx, Sy and
Sz are normal stresses corresponding to radial, longitudinal and the circumferential
stresses, respectively.
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Stress Summary; 30. Foot Bottom End Drop; Drop' Orientation =Table 2.10.4 125 Critical P,+ Pb
0 Degrees; 2.D Model; Condition 1

l

Condition 1: 100*F Ambient with Contents

Principal

Stresses (ksi) Stresses (ksi) MarginP, + Pb
Comp. Section Cut Allow, of

No.* ' Node-Node Sx Sy- Sz Sxy Syz Szx S1 S2 S3 S.I. Stress Safety'

............................................................................................

1 16 20 19.3 2.2 19.3 0.1 0.0 0.0 2.2 19.3 19.3 17.1 73.6 .3.3 1

2- 305 355 15.2 6.4 2.5 .3.4- 0.0 0.0 15.7 2.5 7.0 22.7 66.2 -1.9

3 416 419 -0.1 10.5 4 ~. 2 0.6 0.0 0.0 4.2 0.1 -10.5 14.7 94.6 5.4

4 851 854 0.1 5.7 1,2 0.0 0.0 0.0 1.2 0.1 -5.7 6.9 65.7 8.5 l

5 -544 548 0.0 -5.6 1.1 0.1 0.0 0.0 1.1 0.0 5.6 6.7 65.8 8.8

16. 7064 2774- '2. 6 12.2 3.3 0.4- 0.0 0.0 12.2 3.3 2.6 9.6 64.6 5.7 1

7 3021. 3026 0.1 12.2 0.1 0.2 0.0 0.0 12.2 0.1 0.1 12,3 71.0 4.8

8 3801 3807 -4.5 0.1 4.5 ' 0.0 0.0 0.0 0.1 4.5 4.5 4.7 135.0- 28.0

..........................................................................................
3

'Locations:of the most critical sections for each component are provided in the following:.

Section Location
Inside Node Outside Node

. Comp.- X Y X 'Y
*

.No. .(in) (in) '(in) (in)
...................................................................

-1 1".42 6.20 1.42 10 . 7 5

2~ 39.44' '8.20- 43.35 8.20

'3 35,50 18.40 37.50 -18.40-

4 35.50 47.40 37.00 47.40

; 5- 40.70 26.40 43.35 26.40

.6 37.655 179.40 37.50 175.40'

7 37.'655 179.40 37.655 185.40

0.0 188.46 0.0 193.~ 71"8' '

.i.................................................................

* Refer to Figure. 2.10.2 33 for cask component identification.

4 Note: The X (radial) and Y (longitudinal) are global cartesian coordinate axes. Sx, Sy'
Sz are normal stresses corresponding to radial, longitudinal and the circumferentiar ,+

stresses, respectively.
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Table 2.10.4 130 Pcimary Stresses: 30 Foot Side Drop; Drop Orientation - 90 Degrees;
3 D Model; 0 Degree Circumferential Location; Condition 1

Condition 1: 100'F Ambient with Contents

Principal

Stress Points Stress Components (ksi) Stresses (ksi)
Section* Node Sx Sy Sz Sxy Syz Szx S1 S2 S3

.-.....-...............-......-.....-.-...-.-.-..-- ..-.-.---.-.-- ---------.

Al 1130 -0.8 -1.9 0.3 -0.1 0.1 0.0 -0.3 0.7 1.9
A2 1129 -1.0 -3.2 0.0 -0.1 0.1 0.0 0.0 1.0 -3.2

A3 1128 -1,3 4.4 0.3 0.0 0.1 0.0 0.3 1.3 -4.4

B1 1185 -1.1 -5.3 0.0 -0.1 0.0 0.2 0.0 1,1 5.3
B2 1184 -0.3 -6.0 0.0 -0.1 0.0 -0.2 0.1 0.4 6.0

B3 1183 0,4 -6.7 0,0 0.1 0.1 0.2 0.5 0.1 -6.7

C1 90 5.9 2.4 15.3 0.0 -0.8 1.5 15.6 5.7 -2.5

C2 80 -2,4 7.0 6.6 0.1 -0.5 0.0 6.6 2.4 7.0
C3 70 -3.5 -8.6 2.2 0.1 -0.4 -0.6 2.3 -3.6 -8.6
C4 60 -4.6 9.5 0.3 0.2 -0.2 0.5 0.4 4.7 -9.5

C5 50 -9.8 -11.5 0.1 0.2 -0.1 0.1 -0.1 9.8 -11.6
C6 40 -12.0 -12.5 -0.1 0.2 0.0 0.0 0.1 -12.0 12.6
D1 25 -4.9 -9.6 5.6 0.3 0.1 0.1 5.6 4.9 -9.6

[-s D2 15 9.8 -11.4 1.8 0.1 0.1 -0.5 1.9 9.8 -11.4
D3 5 -10.8 -11.6 0.4 0.2 0.0 0.4 0.4 -10.8 -11.7'

El 35 -10.5 11.4 4.9 0.2 -0.2 1.6 5.0 10.6 -11.5
E2 34 7.5 -11.5 2.1 0.3 0.0 1.8 2.5 7.8 11.5
E3 33 -8.0 12.4 -0.3 0,3 0.0 1.5 0.0 B.2 -12.4
E4 32 -8.6 13.4 -2.8 0.4 0.0 0.9 -2.7 8.7 -13.4
E5 31 8.8 -14.3 -5.4 0.4 0.0 0.5 -5.3 -8.8 34.3
F1 100 -1.3 -2,3 23.1 0.0 -1.2 2.3 23.4 -1.5 -2.4

F2 99 -1.5 -8.1 2.3 0.4 0.9 2.5 3.5 -2.6 -8.2

F3 98 -0.5 -11.3 -11.0 0.8 -0.7 3.3 0.5 -10.7 -12.6
F4 97 0.6 17.8 -36.7 1.3 -0.7 3.9 1.1 -17.8 -37.1
G1 94 0.8 2.3 21.3 0.2 -0.5 3.3 21.8 0.3 2.3
G2 93 1.5 -S.9 7.1 0.5 -0.3 2.4 8.0 0.6 -6.0

G3 92 1.5 -7.1 2,4 0.6 0.3 1.0 3.1 0.9 -7.1

G4 91 0.7 -8.6 -3.1 0.7 -0.2 0.4 0.8 -3.1 -8.7
H1 330 -0.3 7.3 -4.6 -0.5 -1.6 0.1 7.6 0.3 -4.8

H2 329 0.1 9.1 0.8 -0.6 -1.5 0.0 9.4 0.2 -1.0

H3 328 0.1 10.8 2.9 -0.7 -1.5 0.2 11.1 2.7 0.0
H4 327 0.2 12.8 7.4 -0.8 -1.4 -0.5 13.1 7.1 0.1
Il 244 -0.2 -0.4 4.8 0.0 0.8 0.0 5.0 -0.2 -0.5
12 243 -0.1 1.2 7.4 0.1 -0.7 0.0 7.5 1.2 -0.1

13 242 -0.1 2.8 10.0 -0.2 -0.5 0.0 10.0 2.7 -0.1

I4 241 0.0 4.2 12.5 -0.3 -0.4 0.0 12.6 4.3 0.0
J1 550 -0.3 7.9 10.8 0.6 -0.8 0.0 11.0 7.7 -0.4
J2 548 -0.2 10.3 12.7 -0.8 -0.8 0.0 12.9 10.2 -0.2
J3 547 -0.1 12.7 14.5 0.9 -0.7 0.0 14.8 12.5 -0.1

K1 344 -0.1 1.3 11.2 0.0 -0.5 0.0 11.2 -0.1 -1.3

K2 342 -0.1 2.5 13.0 0.2 -0.4 0.0 13.0 2.5 -0.1

() K3 341 0.0 6.0 14.7 0.5 -0.3 0.0 14.7 6.0 -0.1
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Table'2.10.4 130 Primary Stresses; 30-Foot S de Drop;- Drop Orientation - 90 Degrees;i

3 D Model; 0 Degree Circumferential Location; Condition 1
(continued)-

Principal

Stress Points Stress Components (ksi) Stresses.(ksi)
Section* Node Sx Sy Sz Sxy' Syz Szx S1- S2 S3

#......................-..................--..........-.... ............-....,.

L1'~ 740- 0.1 4.8 16.7 -0.3 0.0 0.2 16.7- 4.8 -0.1 ,

L2 738 0.6 7.7 18.3- 1.2 0.0 0.0 18.3 -7.8 0.7
'

. L3 737 0.2 10.7. 20.0 -2.6 0.0 0.0 20.0 ' 11.'3 0.4
M1' 663 -1.3 2.5= 13.9 0.1 0.0 0.0 ~13.9 1.3 2.5
M2. 63 0.5 9.3 19.3 2.2 0.0 0.0 19.3 9.8 -0.0
N1 1877 -0.3 .7 . 6 9.2 -0.6 1.0 0.0 9.6 7.2 0.4
N2 '1477: 0.2 10.4 10.9 0.8 0.9 0.0 11.6 9.7 0.2
N3 1277 0.1' 13.0' 12.7 1.0 0.9 0.0 13.8 12.0 0.1
01 647 0.1 -1.7 12.7 0.1 0.4 0.0 12.7 -0.1 -1.7 !

02 247 0.1 2.4 14.6 0.2 0.3 0.0- 14.6 2.4 0.1
03 47- 0.0 6.1- 16.5 -0.5- 0,2 0.0 16.5 6.2 0.1

' 4.4 0.5 1.6 0.0 7.8 0.3 -4.6iP1 1840 0.3 7.6 -

P2 1640. 0.2 9.5 -1.2 -0.7- 1.6- 0.0' 9.8 -0.2 -1.4
P3 1440 0.0 '11.4 1.9- -0.7 1.5 0.1 11.7 1.7 0.0 <

P4, 1240 0.2 13.5 5.6 ' 0.9 1.5 0.4 13.8 5.4 0.1O, LQ1 628 0.3 0.4 8.4 0.1 0.7 0.1 8.5 0.3 0.3
'Q2- 428' -0.2 ' 2 '. 3 10.7 -0.2 0.6 0.1 10.7 2.3 0.2
Q3 228 -0.1 4.1. 12.9 -0.3 0.4 0.1 12.9 4.2 0.1 -

Q4 28 0.0 5.9 15.2 -0.4 -0.3 0.1 15.2 5.9 0.1
R1 .1816 1.0 -7.5 5.9 0.5 1.1 -0.2 6.0- -1.0 7.6
R2 1616: 2.0~ 9.2 1.2 0.6 1.0 -0.5 .0.9 2.1 -9.4-
R31 -1416 4.8 -11.1 7.4 0 . 71 0.7 2.1 -3.6 8.2 11.4

" R4 - 1216 6.4 13.1 -15.7 0.8- 0.4 -4.3 -4. 6 - -13.1 417.5
SI- 616 2.8 4,3 1.3 0.2 0 . 15 -0.2 2.8 1.3 -4.4#

.S2 416 0.4 -3.3. 6.4 0.2 'O.5 -0.1 6.4' O.4 3.4
=S31 1216 0.4- -1.71 .11.1 0.1 0.3 0.3= 11.1 0.4 1.7
S4 161 0.2 0.2 15.6 0.0- 0.2' 02 15.6 0.2 0.2.

T1- 811 '-19.4 -21.7 -19.3 0.9- 0.5 .-5.4 -13.9 21.4 25.0-
T2 611 -9.6 -14.7 5.4 0.7 0.4 -4.5- 2.5 -12.2 14.9-
T3 .411 4.5_ 10.8 2.5 0,5 0.3 -3.3 3.8 -5.7 -10.8
T41 -211- 1.0= 7.6 9.5 0.5- -0.2 1.8= . 9. 8 1.3 -7.6
T5 - 11 '0.2. 4.2 20.0 0.3 0.1 0.9 20.0 0.2' -4.2
U1 43058 6.9- 0.4 0- 1 0.2 0.0 0.1 6.9 0,4 0.1.

U2; :43057 3.3 0.9- 0.4' O.2 0.0 0.1 3.3 0.4' 0.9
10 3 43056 1.0- -2.0 1.0 0.1 ~ 0.0 0.1 1.0 - 1.1' -2.0

. U4 . 43055- -0.6: -2.9 -1.9 0.1 0.0 -0.4 -0.4 2.0 -3.0
US 43054 -2.3 -3.9 -2.7 0.1 0.1 1.3 -1.1 -3.8 -3.9

10 6 - 43053- -4.1 -4.9 -3.2 0.1 0.2 -2.7 0.9 -4. 9. -6.4
,U7 :43052 -7.0 -5.6 -1,6 0.0 -0.3 -3.4 0.0 -5.6 -8.6
EU8 43051 -13.1 7.3 0.2 -0.1 0.0 -0.1 0.2 -7.3 -13.1
v1 50024 2.4 -1.4 0.1 0.1 0.0 0.0 2.4 0.1 1.4
V2 =50023 3.7 4.3 -0.8 0.1 0.0 0.1 -0.8 -3.7 4.3

:V3 50022- 6.9 -6.0 0,6 0.1 0.0 0.1 0.6 -6.0 -6.9
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' Table 2.10.4 130 Primary Stresses; 30. Foot' Side Drop; Drop Orientation - 90 Degrees;
3.D Model; 0 Degree Circumferential Location; Condition 1
(continued)

Principal

Stress Points Stress Components (ksi) Stresses (ksi)
Section* Node Sx Sy Sz Sxy Syz Szx S1 S2 S3

..............................................................................

-V4 50021 17.1 -9.5 0.6 0.1 0.0 0.0 0.6 9.5 17.1
W1. 43278 -2.1 2.8 0.1 0.1 0.2 0.2 _0.1 2.1 2.8
W2 43274 1.4 3.2 0.0 0.0- 0.2 0.2 0.0 1.4 3.2

-W3 43271- 0.3 -1.8 -0.0 0.0 0.3 0.1 0.0 0.4 1.9
X1 50084 0.7 -5.6 -0.0 0.1 0.0 0.2 0.1 0.7 -5.6
X2< 50083 -0.3 5.9 0.0 .0.1 0.0- 0.2 'O.1 0.4 5.9
K3 50081 0.4 6.6 0.0 0.0 0.1 0.2 0.5 0.1 -6.6

.............................................................................

* Refer to Figure 2.10.2 34 for the-identification of the representative sections.

-Note: Stresses are in the cylindrical coordinate system. ,

:-
.

-t .

.

O
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4

1Teble.2.10.4-131 P, Stresses;-30 Foot Side Drop; Drop Orientation - 90 Degrees; 3.D Model:
0-Degree Circumferential Location; Condition 1

;

' Condition'1: 100*F Ambient with Contents .

Stress Components Principal Stressos

(ksi) (ksi)
Section* Node . Node RSx Sy . Sz Sxy Syz- Szx S1 S2 S3- S.I.

.

.................................................................................-

A: 1130;' -1128- --1.0 -3.2 0.0 0.1 0.1 0.0 0.0 1.0 3.2 3.1

B 1185 . 1183 0.3 6.0 .0.0 0.1 0.0 0.2 0.1 0.4 6.0 6.0

C 90 . 40 5.9 1 9.5 2.2 0.1 -0.3 0,2- 2.2 5.9 9.5 11.7

D 25 - 5 -8.8 11.0 2.4 0.2 0.1 -0.3 2.4 8.8 -11.0 .13.4-

E 35 - '31 8,5 12.4 0.1 0.3 0.0 1.4 0.3 -8.6 -12.5 12.7- i

F. .100 - L 97. 0.8 -9.8 5.2 0.6 0.8 3.0 0.7 6.4 10.1 10.8'

-G 94 - 191 1.21 .6.2 6.2 0.5 -0.3 1.8 6.8 0.7 6.2- ^13.0

p .H. 330 . 327 0.0 -10.0 1.2- 0.7 -1.5 0.1 10.3 1.0 0.1 '10.4

J I -244 -' - 241' 0.1. 2.0 8.7 0.1 -0.6 0.0 8.8 1.9 - 0 .1-'. 8.9:

J L5501 : 547 0.2 .10.3. 12.7 0.8 0.8' O.0 12.9 10.1 0.2 13.2<

'

K 1344 341 -0.1 2,4 13.0 -0.2 -0.4 '0.0 13.0 2.4 0.1 13.1
I,

't- 740 - 737 --0.3 7.7 18-3 .1.2- 0.0 0.0 18.3 7.9. 0.4 118.8-.
4

M 663 . 63- 0.4- 3.4 16.6 1.1 . 0 '. 0 0.0 16.6 3.7 0.7 17.3

'N' 11877 1277 0.2 10.3 .10.9 . 0.8 0.9' O.0 11.6 -9.7 0.2 .11.9

'O 647 ;47- -0.1 2,3 -14.6 0.2- 0.3 0.0 14.6- 2.3 .-0.1 14.7
,
,

P 1840 1240L .0.1 10.5 0.4 -0.7- 1.5- 0'l =10.8 0.3 0. 2. 11.0-

-Q: 628r. - 28- -0.2 3.2 11.8 -- 0.3- - 0.51 0.1 11.8- =3.2 0.2 '12.0'

' 5'.5 10,4 8.110 1816E.- 1216 3.5 -10.2 -4.5 0.7 0.8 -1.6 .-2.3 -

is 616: - 16 0.8 -2,4 8.6- 0.1 0.4 0.1 8.7- 0.8 -2.5 11.1

, T. 811 11 6.2 -11.5 11 . 7 0.6- -0-3 3.2 2.9:-.7.2 .11.6 14.5.

!' EU 43058 43051- 2.9 3.8 1.4: 0.1 -0.1 -1.2' 0.7 3.6 3.8 3.0
.

=Va 50024 . 50021 -6.1 5.2 :-0.3 0.1 0.0 -0.0 -0.3 -5.2: -6.1: 5.7-
W. -43278 .'43271 -1.3 -2.7 'O.0; 0.0 0.2- 0.2' O.1 -1;3 2.8 2.8

JXL 150084c-50081 -0.1 -6.1 0.0. 0.0 0.0 - 0.2 - 0.1 0.3 6.1 6.2
....................................................................................

.

*Refercto Figure 2.10.2-34 for the' identification of the representative sections.

ys Note: Stresses are in the cylindrical coordinate system. ;

.

2.10.4-194

- ., - - . . - .- . . . . - . -.



- . - - . -. - - . . - -- . - -. .- -

|

.NAC.STC SAR- September 1990 ]
LDocket No.-71 9235

O Stresses; 30 Foot Side Drop; Drop Orientation - 90 Degrees; 3.DTeble 2.10.4 132 P ,+ Pb
Model; 0. Degree Circumferential-Location; Condition 1

.

Condition 1: 100'F Ambient with Contents

Stress Components Principal Stresses

(ksi) (ksi)
-Section* Node . Node - Sx Sy Sz Sxy Syz Szx SI- S2 S3 S.I.

.

..................................................................................

A 0. 1130 1128 1.3 4.4 0.3 0.0 0.1 0.0 0.3 1.3 4.4 4.7-

B0 1185 1183 0.4 --6.7 0.0 0.1 0.1 0.2 0.5 0.1 .6.7 7.2

.CI- 90 .- 40 1.0- -5.7 7.3 0.0 -0.6 0.0 7.3 1.0 5.7 13.1

DI 25 5 5.9 .~10.0 5.0. -0. 2 0.1 0.1 5.0 5.9 10.0 15.0

EI 35 '31: .8.8 .10.8 5.3 0.3 0.1 2.0 5.5 -9.1 10.9 16.4

F0 100 - 97 0'.3 16.9 32.8 1.2, .0.6 3.8 0.8 -16.9 33.3 34.1.

G'I 94 91 1.3 3.3 17.2 0.3 -0.5 3.4 17.9 0.6 3,3 21.2

H- 0 - 330 327 0.2 12.7 7.1 0.8 -1.4 0.4 13.0 6.8- 0.1 12.9

IO -244 - 241 0.0 4.3 12.6 0.3 0.4 0.0 12.6 43 0.0 12.6

J0 550 -- .547 0.1 12.7. 14.6 0.9 0.7 0.0 14.8 12.5 0.1 14.9

K0 344~. 341 0.0 6.1. 14.7 0.5 0.3 0.0 14.7 6.1 0.1 14.8

't0- 740 - 737 0'1 10.6 20.0 -2,6 0.0 0.0 20.0 11.2 0.7 20.7

M0 663 63 0.5- 9.3 19.3 2.2 0.0 0.0 19.3 9.8 0.0 19.3

NO 1877 1277 .0.11 13.0 12.7 ~ .1. 0 . 0.9 0.0 13.8' 12.0-'.0.1 ~13.9

00 647 47 0.0 6.2- 16.5 0.5 0.2 0.0 16.5 6.2 0.1 16.6

P0 1840 -- 1240 0.2-'13.4 5.4 0.8. 1.5 0.3 13.7 5.2 0.1 13.6
|

-Q 0 628'. -28 0.0 6.0 15,2 -0. 4 ' O.3 0.1- 15.2 6.0. .0.0 15.2

RI 1816 - 1216 0.5 7.4' 5.9 -0.5 1.2 0.5 6.1 -0.5 7.5 13.'6

' 0. 3 ' 0.3 15.8 0.0 0.2 0.4 15.8- 0.2 -0.3 -16~.1.S o ' 616 16 .

T O'- 811-. 11 3.2 .3.4 -19.6 0.3 0.1 0.8 19.6 3.1 3.4 23.0-

' 2.5 -1.1 7.5 -12.5 11.4| U0 43058 43051 11.9 7.5 -1.7 0.1 0.2 .

*

V0 .50024 . 50021 .14.8 :.9.0 0.0 0.0 0.0 0.1 0.0 9.0 14.8 14.7

.WI' 43278 43271 2.2 3.2 0.1- 0.1 0.1 0.2 0.1 2.2 3.3 3.4

X0 50084 50081 0.4 6.6 0.0 0.0 0,1 0.2 -0.5 0 .'1 -6.6 7.1-
..................................................................................

* Refer to Figure 2.10.2 34 for the identification of the representative sections.

Note: Stresses are in the cylindrical coordinate system.
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Table 2.10.4 133 Critical P, Stress Summary; 30. Foot Side Drop; Drop Orientation - 90 Degrees
3.D Model; Condition 1

Condition 1: 100*F Ambient with Contents

Principal

P, Stresses (ksi) Stresses (ksi) Margin

Comp. Section Cut Allow, of
,

*
No. Node. Node Sx Sy Sz Sxy Syz Szx S1 S2 S3 S.I. Stress Safety

............................................................................................

1 25 5 -8.8 -11.0 2.4 0.2 0.1 0.3 2.4 8.8 11.0 13.4 51.5 2.8

2 16140 16137 0.0 1.5 1.1 0.0 12.4 0.2 13.7 0.0 11.1 24.: 46.3 0.9

3 14340 14337 -0.1 3.9 0.7 0.2 15.4 0.1 17.8 0.1 13.2 31.0 66.2 1.1

4 14520 14517 0.1 3.7 0.9 0.0 10.7 0.0 13.1 0.1 8.5 21.6 46.0 1.1

5 662 62 0.2 2.9 16.7 2.6 0.0 0.1 16.7 4.5 1.4 18.0 46.0 1.6

6 401 1 10.7 35.5 0.1 1.8 0.2 1.6 0.4 10.8 35.6 36.0 45.2 0.3

7 43071 43031 12.0 6.9 0.5 0.1 0.2 2.0 0.1 6.9 12.3 12.2 49.7 3.1

8 51501 51504 4.5 3.3 3.2 0.2 0.1 0.1 3.2 3,3 4.6 7.8 94.5 11.'f ')
\ ,J..........................................................................................

Locations of the most critical sections for each component are provided in the following:

Section Location
Inside Node Outside Node

Comp. x y z x y z
*

( No, (in) (deg) (in) (in) (deg) (in)
1 ............................................................................
1

1 39.44 0.0 6.20 39.44 0.0 0.75

2 35.50 79.4 17.40 37.50 79.4 17.40

3 35.50 67.7 29.90 37.00 67.7 29.90

'4 35.50 67.7 47.40 37.00 67.7 47.40

5 40.70 0.0 99.50 43.35 0.0 99.50
\

| 6 40,88 0.0 193.71 43.35 0.0 193.71
t
'

7 33.71 0.0 185.40 36.46 0.0 185.40

8 40.88 180.0 193.71 40.08 180.0 188.40

............................................................................

* Refer to Figure 2.10.2-33 for cask component idencification.

() Note: The x (radial), y (circumferential) and z (longitudinal) are global cylindrical
coordinate axes. Stresses are in the cylindrical coordinate system. o*'
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A
V. Stress Summary; 30. Foot Side Drop; Drop Orientation - 90Table 2.10.4 134 Critical P,+ P_b

Degrees; 3.D Model; Condition 1

Condition 1: 100*F Ambient with Contents

Principal

Stresses (ksi) Stresses (ksi) MarginP, + Pb
Comp. Section Cut Allow, of

No.* Node. Node Sx Sy Sz Sxy Syz Szx S1 S2 S3 S.I. Stress Safety

............................................................................................ ,

1. 25.. 5 5.9 10.0 5.0 0.2 0.1 0.1 5.0 5.9 10.0 15.0 73.6 3.9

2 100 97 0.3 -16'9 32.8 1.2 0.6 3.8 0.8 16.9 33.3 34.1 66.2 0.9-

3 12350 12347 0.2 - 6.0 0.7 0.0 16.0 0.1' 18.9 0.2 13.7 32.6 94.6 1.9-
4 '14520 14517 0.2 6.4 1.9 0.0 11.4 0.0 15.7 0.2 7.5 23.2 65.7 1.8-

5 662 62- 0.5 8.5 19.6 2.9 0.0 0.0 19.6 9.5 0.4 20,0 65.8 2.3.

6 403 3 7.4- 27.7 21.2 1.5 0.5- 3.4 21.6 7.7 27.8 49.4 64.6 0.3.

7 43001 43008 20.3 7.0 10.0 0.7 0.3 1.0 10.1 7.0 20.3 30.4 71.0 1.3
, 8 51501 51504 .13.3 79 4.5 0.7 0.0 0.8 4.9 7.8 -.13.5 18.4- 135.0 6.3 i

| ("~
i ...........................................................................................

Locations of the'most critical sections for each component are provided in the following:

Section Location
Inside Node. Outside Node

Comp. x ~ y z x y. -

*
No. (in) (deg) -(in) (in)- (deg) (in)
............................................................................

le 39.44 0.0 6.20- 39.44 0.0 0.75

2 35.50 0.0 15.00 37.50 0.0 15.00 1

3 35.50 56.5 .30.40 37,00 56.0 30.40 +

4 35.50 67.7 142.40 37.00 67.7 -142.40

5 40.70 0.0 99.50 43.35 0.0 99.50

6 .40.88- '0.0 190.15 43.35 0.0 190.15

7e 39.53 0.0 185-40 39.53 0.0 179.40.

8 40.88- 180.0' 193.71 40.88 180.0 188.40
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

* Refer to Figure 2.10.2 33 for cask component identification.

Note: The x-(radial), y (circumferential) and z (longitudinal) are global cylindrical
.g% coordinate axes. Stresses are in the cylindrical coordinate system.'

<
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Table 2.10.4 152 Primary Stresses: 30 Foot Bottom Corner Drop; Drop orientation - 24
. Degrees; 3 D Bot: tom Model; 0 Degree Circumferential Loe.ation; Condition 1

Condition 1: 100*F Ambient with Contents

Principal

Stress Points. Stress Components _(ksi) Stresses (ksi)
Ssetion.* Node Sx Sy Sz Sxy- Syz Szx S1 S2- S 3,

...- .....- ........ --.--- -..- ...- . ---- . --- ...- ...- .-- --- - ...

A1 1130 17,5 13.4 -6.5 -0.5 2.1 2.1 17.7 13.6 -6.9
A2 1129 2.2- -0.1 -1.2 0.0 1,5 2.1 3.3 0.5 -2.9
A3 1128 13.0 13.6 4.1 0.5 2.0 2.1 4.6 .-13.2 13.9
B1 1185- 10.1 3.3 -6.5 -0.5 2.5 2.3 10.4 3.9 7.3
B2 1184 3.6 -7.8- -1.9 0.0 1.8 2.3 0.0 -4.9 -8.4

B3 1183 -17.5 -18.8 2.7 0.4 1.9 2.3 3.1 17.8 19.0
Cl- 90 -19.6- 5.7 -24.9 -1.2 -0.7 -5.1 5.6 16.6 28.1
C2- 80 -8.8 1,6 -14.4 1.0 -0.5 -4.2 -1.4 6.7- 16.7
C3 70 -5.7 -1.1 -9.1 -0.5 0.4 -3.8 1.1 -3.3 11.6
C4 60 3.0 -1.2 5.4 -0.1 0.4 -3.6 0.3 1.2 -8.1
C5 50 6.5 4.1 -3.5 1.0 -0.2 -2.5 -7.2' -4,1 -4.2
C6 40 13.7 -5.5 3.5 1.6 -0.1 -1.5 14.0 3.7 -5.6
D1 25 -30.3 -22.9 -31.9 -0.4 0.6 -8.4 22.6 -23.0 39.5

( .D2' 15 -6.7 18.5 14.8 0.6 -0.3 -3.8 5.1 -16.3 18.5
D3 5 0.5 -22.3 -7.5 1.4 -0.1 -1.2 0.7 -7.6 -22.4
El 35 10.5 8.3 -21.9 1.3 -0.4 -3.8 11.0 -8.4 -22.4
E2 34 1.8 -8.9 -17.5 0.7 -0.8 -7.4 4.3 -9.0 20.0
E3 33. 5.2 9.1 -11.1 0.3 0.7 -7.8 0.2 -9.1 -16.5
E4 32 6.7 8.4 6.7 0.1 0.4 -4.8 -1.9 -8.4 -11.5
ES 31~ 7.3 -7.6 2.5 0.0 -0.3 -2.9 -1.1 -7.6 -8.6
F1 :100 -0.1 -2.1 -32.9 -0.1 -0.9 -3.2 0.2 -2.1 -33.2
F2 93 -2.8 1.0 -18.9 -0.4 -0.8 -1.6 1.1 2.7 -19.1
F3 98 2.8 2.3 -13.4 -0.5 0.4 1.0 2,4- -2.7 -13.6'

F4 97 0.1 4.6 8.0 -0.4 0.4_ 2.0. 4.6 0.5 -8,5 y
'

'G1- 94 0.3 -2.6 24.2 0.1- 0.4 -1.1 0.4 -2.6 24.3
G2 93- 0.6 0.3 14.8 -0,1 -0.4 -0.5 -0.2 0' . 6 -14.9
C31 92- 1.1 1.3 8.4 -0.2 -0.2- 0.1 1.3 -1.1 -8.4
G4- 91 -0.5 3.5 0.7 0.3- 0,1- 0.1 3.5 -0.5 -0.8
Hl. 330 -0.3 4.0 _-13.1 -0.3 -1.0 -0.1 4.1 -0.3 13.2
H2 329 0.5 3.8 16.1 -0.3 0.9 0.0 3.9 -0.5 -16.1.
H3 328 0.5 3.7 -18.8 -0.3 -0.8 0.6 3.8 .-0.5 -18.9
H4 1327 0.5 2.9 -24.3 -0.2 0.7 1.3 3.0 -0.4 24.4
Il 244 -0.0 1.8 10.1. -0.1 -0.4 -0.1 1.8 0.0 -10.1
.I2 243. 0.0: .2.31 -10.1 -0.2 0.4 -0,1 2.3 0.0 -10.1
-I3 242 :0.0 2.7 -9.9. 0.2 -0.3 -0.1 '2.8 0.0 -9.9-
I4 241 0.0 3.2 9.9 -0.2 -0.2 .-0,1: 7.2 0.0- -9.9

:J1 550 -0.1 2.5 -10.8 -0.2 -0.7 0.0 2.5 -0.2' -10.8 .

J2 548 0.1 4.9 -9.9 -0.4 -0.6 0.0 4.9 -0.1 -9.9
, ~

J3 547 0.0 7.1 -9.0 -0.5 -0.6 0.0 7.2 -0.1 -9.0
K1 344 -0.1 -0.3 -7.6' O.0 0.3 0.0 0.1 -0.3 -7.6
K2 342 0.0 1.2 -7.0 -0.1 -0.3 0.0 1.2 0.0 -7.0

e) K3 341 0.0 2.5 -6.4 0.2 -0.2 0.0 2.6 0.0 -6.5l
y
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Primary Stresses; 30. Foot Bottom Corner Drop; Drop Orientation - 24Tcble 2.10.4 152
.

.

. .

Degrees; 3 D Botton Model; 0. Degree Circumferential Location; Condition 1
-(continued)-

Principal

Stress Points Stress; Components.(ksi)- Stresses (ksi)
.Section* Node Sx Sy Sz Sxy Syz Szx S1 S2 S3

.............................................................................

L1 740 0.1' 2.4. 2.9 0.4- 0.2 0.1 2.4 0.0 2.9
- L2 738 0.3 - 4.7 2.0 0.9 -0.2 0.0 4.8- 0.5 -2.0'

LL3 737 0.3 7.2- 0.9 2 .~ 1 0.2 0.0 7.8 0.3 0.9
_M1- - 454- - 0.1 0.9 43.9 0.6 0.2 0.0 0.2 1.2 3.9
M2 ' 452- 0.2 0.9 3.2 0.3 0.2 0.0 1.0 0.1 3.2
M3- 451 0.2 -2.4- 2.7- .0.0 0.2 .10.1- 2.4 0.2 ' 2. 7.

N1 810 0.1 3.5 1.4 -0.2 0.2 0.0- 3.5 0.1 -1.4
N2~ 1807 .0.1 '6.3 0.1 0.4 0.1 0.0 6.3 0.1 0.1
01 -524 0.0. 0.7 -1.2 0.0 0.1. 0,0 0.0 -0.6 1.2:
02 521: 0.0 2.0' O.1 . . 0 .1 0.1 0.0 2.0 0.1 0.0

- P1 - 850 0.0 13.5 -4.0 0.2- 0.4 ~.0.1 3.6 0.0 4.0
' 0.1- 5.3 1.3 0.3 0.3- 0.0 5.4 0.1' 1.3P2 847 .

. 0.0 .0.2- 0.30.0-Q1 564. 0.0 .0.2 0.2 0.0 0.0
Q2 '561 0.0 1.5- 0,7 0.1 0.0 0.0' '1.5 0.7 0.0' '

R11 890- 1.0 0.2 1.5 0.0 0.2 0.2 1.5 -0.2 1.0
;f"')N :N,, R2 887 1. 2 ' .1.7 5- 2 0.1~ 0.1 0.5 1.1~ 1.7 5.2:.

JS11 604- 0.4 0.3 0.4 0.0 0.0 0.4 0.6 0.3 0.6-
S2 601. 0.0 0.7 0.5 0.1 0.1 0.1 0.7 0.5 0.0
T1- 897 0.5' 40.3 '.1.6 0.0 0.1 --0.2 0.6 0.3 -1,6

T2 614 0.3- .0.2 '0.0 0.0 0.0 0.4 -0.5 0.3 0.3
T3 611- .-0.1 0.1 0.0 0.0 0.1 0.2 0.2 0.1 -0.3~
U1' '900 0.7 :0,1 -0.4 0.0- 0.1 0.1 0.7 0.1 - 0.5

'

g U2 ;910. 0.5 .0.2 ~.0.4 0.0 -0.0 0.1 0.5 0.2 0.4
~V1' 920 0.2 0.4 10.3 0,1 0.0 0.1. 0.1. .0.4- 0.4-

O.2- 0.2 0.0 0.1 -0.1. 0.5 1.0V2 930 -0-5 - 1. 0 -
=

'
.

W1' - 1216 1.2 .2.3- . 1. 0 0,0- 0.0 0.2- 2.3 1.2 1.0
W2 1226. -0.3- .0.1 0.5 0.0 .0.1 -0.1 0.5 0.1 0.3

'

X11 - 1236- 0.1' O.0 . 0.6~ ;0.0 0.1- 0.1 - 0.1 0.0' :.0.6
-X2 - 1246 1.5: - .2.4. 1.1' 0.1- .0.0 -0.2 '1.1 -1.5 . 2. 5

J -................................................-............................

*Rsfer to Figure 2,10.2-34 for the identification.of the representative sections.

N'o te : The x-(radial), y.(circumferential) and z (1cogitudinal) are global cylindrical.
coordinateLaxes. Stresses are in the cylinue. cal coordinate system.

.
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O 3-DTable 2.10.4 153 P, Stresses; 30. Foot Bottom Corner Drop; Drop Orientation - 24 Degrees;
Bottom Model: 0. Degree Circumferential Location: Condition 1

Condition 1: 100'F Ambient with Contents

Stress Components Principal Stresses

(ksi) (ksi)
Section* Node . Node Sx Sy Sz Sxy Syz Szx S1 S2 S3 S.I.

.................................................................................

A 1130 1128 2.2 0.1 1.2 0.0 1.8 2.1 3.4 0.6 3.1 6.4

B 1185 1183 3.7 7.8 1.9 0.0 2.0 2.3 0.0 4.9 8.5 8.5

C 90 40 0.5 -2.9 7.6 0.2 0.4 3.2 0.8 2.9 8.8 9.6

D 25 5 10.8 20.5 17.2 0.5 0.3 4.3 8.6 -19.4 20.6 12.0

E 35 31 1.3 8.6 12.6 0.5 0.6 5.8 1.2 8.6 15.1 16.3

F 100 - 97 1.9 1.5 17.6 0.4 0.6 0.4 1.6 1.9 17.6 19.2

C 94 91 0.n 0.5 11.9 -0.1 0.3 0.3 0.5 0.6 11.9 12.4

H 330 327 0.0 3.7 17.9 0.3 0.9 0.4 3.7 0.5 17.9 21.6

I 244 - 241 0.0 2,5 10.0 0.2 0.3 0.1 2.5 0.0 10.0 12.5

OJ 550 547 0.1 4.8 9.9 0.4 0.6 0.0 4.9 0.1 9.9 14.8

K 344 341 0.4 1.1 7.0 0.1 0.3 0.0 1.2 0.0 7,0 8.2

L 740 737 01 4.7 1.9 0.9 0.2 0.0 4.9 0.2 1.9 6.8

M 454 451 0.0 0.9 3.2 0.3 0.2 0.0 0.9 0.1 3.2 4.2

N 810 807 0.1 4.9 0.8 0.3 0.2 0.0 4.9 -0.1 -0.8 5.7

0 524 521 0.0 0.7 0.6 0.0 0.1 0.0 0.7 0.0 0.6 1.3

P 850 847 0.0 4.4 -2.6 .0,2 0.4 0.0 4.5 0.1 2.6 7.1

Q 564 561 0.0 0.6 0.2 0.0 0.0 0.0 0.6 0.2 0.0 0,7

R 890 - 887 1.1 1.0 1.8 0.0 0.2 0.3 0.9 1.0 2.0 1.1

S 604 601 0.2 0.5 0.4 0.0 0.0 0.2 0.5 0.5 0.3 0.8

T 614 611 0.1 0.2 0.0 0.0 0.1 0.3 0.4 0.2 0.3 0.6

U 900 - 910 0.6 0.1 0.4 0.0 0.1 0.1 0.6 0.1 0.5 1.1

V 920 930 0.4 0.7 0.2 0.1 0,0 0.1 0.1 0.4 0.7 0.6

W 1216 1226 0.5 1.1 0.3 0,0 0.0 0.2 1.1 0.5 0.3 1.4

X 1236 1246 0.7 1.2 0.3 0.1 0.0 0.2 0.3 0.7 1.2 1.5

.............................................................................

*Refer to Figure 2.10.2 34 for the identification of the representative sections.

Note: The x (radial), y (circumferential) and z (longitudinal) are global cylindrical
coordinate axes. Stresses are in the cylindrical coordinate system.
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.

Stresses; 30. Foot Bottom Corner Drop; Drop Orientation - 24Table 2.10.4 154 P,+ Pb
Degrees; .3.D Bottom Model; 0. Degree Circumferential Location; Condition 1

Condition 1: 100'F Ambient with Contents

Stress Components Principal Stresses

(ksi) (ksi)
Section* Node - Node Sx Sy Sz Sxy Syz Szx S1 S2 S3 S.I.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

A.I 1130 1128 17.5 13.4 -6.5 0.5 1.8 -2.1 17.7' 13.5 .6.8 24.5

B0 1185 1183 -17.5 18.8 2,7 0.4 1.7 2.3 3.1 17.7 19.0- 22.1
C1 90 - 40 -14.1 1.4 15.6 1.3 0.6 4. 7 - 1.3 -10.1 19.7 18.5

D O. 25 5 4.6 20.3 -5.0- 1.4 0.0 0.7 4.7 5.1 20.3 25.1

E7 35 31 8.2 8.9 23.1 1.2 0.7 6.6 9.6 9.0 24.4 34.1

F I. 100 . 97 2.0. 1.5 29.1 0.2 1.0 . 3.3 1.4 1.7 --29.5 28,1

-CI- 94 91 0.1- 2.4 -23.2 0.0 0.5 -1.0 0.1 2.4 23.2 23.2

'H'O 330:. 327 0.6 3.2 -23.1 0.2 0.7 1.1 3.3 0.5 23.2 26.51

1 0' 244 241 0.0' 3.2 9.8 0.2 0.2 0.1 -3.2 0.0 9.9 13'1
.

( J0 550 547- 0.0 7.1 -9.0 .0.5 0.6 -0.0 7.2 0.1 9.0 16.2

K0 344 341 0.0 2.6 -6;4 0.2 0.2 0.0 2.6 0.0 -6.4 9,0

L0 740 737' O.0 7.1 0.9 2.1 0.2 0.0 7.7 -0.5 0.9 8.6

eM 0 454 ~451 0.1 2.5 2.6 0.0. 0.2 0.0 2.5 -0.1 2.6 5.1
NO 810 807 0.1 6.3- 0.1 0.4' O.1 0.0 .6.3 0.1 0.1 6.4

00 524 521- 0.0 2.0 0.1 0.1 0.1 0.0 2.0 0.1 0.0 2.1

P' I -8501-. 847 0,0' 3.5 -4.0' -0.2 0.4' . 0.1 3.6 0.0 4.0 7.6

Q0 564 . 561 0 . 'J 1.5 'O.7 0.1 0.0 0;0 1.5 0.7- 0.0 1.5

R0 890 887 -1.2 .l.7 5.2 0.1 0.1 -0.5 -1.1 -l.7 -5.2 4.1
S'I 604 601 .0.4 0.3 0.4 0.0 0.0 -0.4 0.6 0.3 0.6 1.1;

T I- 614-. 611. 0.3 .0.2 0.0 0.0 0.0 -0.4 0.5' O.3 0.3 0.8
U I; _900 910~ 0.7 0.1 -0.4 0.0 0.1 0.1 0.71 0.1 0.5 1.2

V 0- 920 930 .0.5 '.1.0: 0.2 0.2- 0.0 0.1 -0.1 0.5 1.0 0.9

iW I 1216 .. 1226 1.2 2.3 1.0 0.0 0.0 0.2 2.3. 1.2 .1.0 3.3

XO' 1236 - 1246-. 1.5 2.4 1.1 0.1 0.0 0.2 1.1 1.5 2.5 3.6:
- .........................................................-.......-...........

e

Refer to Figure 2.10.2 34 for the identification of the representative sections.

| Note: The x-(radial), y (circumferential) and.z (longitudinal) are global cylindrical
L , coordinate axes. Stresses are in the cylindrical coordinate system.
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; Table 2.10.4 155 Critical P, Stress Summary; 30. Foot Bottom Corner Drop;' Drop Orientation -
24 Degrees; 3.D Bottom Model; Condition 1

Condition 1: 100*F Ambient with Contents

Principal

P, Stresses (ksi) Stresses (ksi) Margin

Corp. Section Cut Allow. of
,

No,*' Node. Node- Sx Sy Sz Sxy -Syz Szx .Sl S2 S3 S.I. Stress Safety

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - .

'l ' 2 7. - 7:.13.0 17.0 3.7 0.1 0.5 6.2 0.6 16.1 17.0 16.4 51.5- 2.1

2' 10140 10137 0.0 6.4 12.9 0.0 6.6 0.8 18 . 5 0.0 14.9 23.4 46.3 1.0

3 10160 10157 0.0. 6.9 12.5 0.0 6.6 0.6 8.9 0.0 14.6 23.5- 66.2 1.8 '

4 '12520 12517. 0.1 3.0 9.7 0.0 7.6 0.0 6.5 0.1 13.3 19.8 46.0 1.3- ;

'5' 12204 12201 0F. 2 2.6 9.7 0.0 4.4 .0.2 4.0 .0.2 11.1. 15.1 46.0 2.0

6 -14880 14877 0.1 -1.7 0.8 0.1 3.3 0.1 14 . 0 0.1 3.1 7.1 45.2 ~ 5. 3

7e 16900 16910. 0.2 0.5 0.8 0.1 0.6 0.2 0.7 0.1 1.1 1.8 48.0 25.2:

.' . 8 1236 1246'.10.7 1.2 0.3 0.1 0.0 0.2 0.3 0.7 1.2 1.5 .94.5 60.~

-b(j...........................................................................................
Locations:of the most critical sections for each component are provided in the following:

Section Location

inside Node Outside Node

Comp.c x- y z .x -y z

No.* (in). (deg) (in) (in) .(deg) (in) ~[
............................................................................

1- 137.50' O.0 6.23 37.50 0.0 o0.75

2- 35.50 45.9 17.40 37.50 45.9- 17.40

.3c 35.50 45.9. 18.90 37.50. 45.9 1:8.90

.4 35.50 56.5 47.40 37.00 56.5 47.40

5- 40.70 56.5 R26.40- :43.35- 56.5 26.40

6 -35.50- 67.7 172 40- 37.50. 67.7 172.40. ,

7 35.50 79.4. 179.40' 35.50 79.4 185.40

8 0,0 0.0 187.40 0.0 0.0 193,71

............................................................................

*
g Refer to Figure 2.10.2 33 for cask component identification,
i+' ' Note: .The x (radial), y (circumferential) and z (longitudinal) are global cylindrical

coordinate axes. Stresses are in the cylindrical coordinate system.
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y
'%.) Stress Summary; 30. Foot Bottom Corner Drop; Drop;LTcble- 2.10.4 156 Critical P,+ Pb

Orientation - 24 Degrees; 3-D Bottom Model; Condition 1

Condition 1: 100'F Ambient with Contents

Principal

Stresses-(ksi) Stresses (ksi) MarginP, + Pb
Comp. 'Section Cut Allow. of

No.* ' Node. Node Sx Sy. Sz- Sxy Syz Szx S1 S2 S3 S.I. Stress Safety

............................................................................................

1 -1170 1168=.44.2 -.33.1 .4.6 k0.1 0.1 0.1 4.6 33.1 44.2 39.6 73.6 0.9

2 14035 14031 '9.1 .3.6 21.0 5.2 8.6 5.2 12.9 3.6 24.8 37.7 66.2 0.8

3. -10150 1014'7 0.1- 4.6 .21.5 0.0 -7.9 ~-0.7 6.8 0.1 '.23.7 30.5 94.6 2.1

4. 12520 12517 0.1 5.0- 9.1: 0.0 8.0 0.0 8.6 0.1 12.8 21.4 65.7 2.1

5 10204 10201 0.3. 2.9 10.6 0.0 .4.3 0.2 4.2 0.3 11.9 116.0 65.8 3.1

6~ 14880 14877 0.1 1.7- 1.8 0.1- 4.0 0.1 4.3 0.1 4.4 8.7 64.6 6.4

7 1216 1226 1.2 2.3 1.0 0.0 0.0 0.2 2.3 1.2 1.0 3.3 71~.0 20.3-

~

8 1236.-1246 1.5 2.4 1.1 0.1 0.0 0.2 1.1 1.5 -2.5 3.6' 135.0 36.5
...........................................................................................q_

'Locationslof the most critical sections for each component are provided in the-following:

Section Location-
Inside Node Outside Node

_ Comp. .x y- z x y z,

No.* .(in) - (deg)1 (in) (in) (deg) (in)-
............................................................................

1 14.73 0.0 6.20 14.73 0.0 0.75

2 39.44- 67.7 8.20 43.35 67.7 8.20

3- 35.50 45.9 18.15 37.50' 45.9 -18.15

4- 35.50 56.5 47.40 37.00 56.5 47.40

5- 40.70-- -45.9 126.40 43.35 45.9 26.40

'6 35.50 67.7 172.40 37.50 67.7 172.40

71 0.0 0.0 '179.40 0.0 0.0 185.40

8 0.0 0.0 187.40 0.0 0.0 193.71
............................................................................

* Refer to Figure 2.10.2 33 for cask component identification.

(#~ L lote: The x (radial), y (circumferential) and z (longitudinal) are global cylindrical
,

N.~/ ' coordinate axes. Stresses are in the. cylindrical coordinate system.'

.
;

|
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- 11.2;4.6;1 Buckling' Analysis

IL S Comment-'*

I

The effects of the lead slump stress needs to be included in all of

the load conditions. .This' requires the.use of the unbonded SCANS

analyses for all accident load cases. .The inner shell stress
levels-will be higher than the values given in the TSAR when the
correct lead modulus is used in the accident analyses. If SCANS is

~

not used with ths, built-in lead properties for this analysis, an Li

clastic plastic analysis using the lead stress-strain curve of.

NUREC/CR-0481 and an acceptable finite element program will be
required.

'NAC Response

As discussed.in the response to comment 11.2.4.3.2,. rigorous finite

element analyses using the ANSYS computer program have'been
" "

prepared for the NAC STC. The effects of the lead slump stress are

calculated in all of the ANSYS evaluations. The axial, hoop, and

-in-plane shear components of _ the primacy plus secondary stresses,
,

as' determined by the ANSYS analyses, are the input data for the-
buckling evaluation of the NAC STC. The'ANSYS' analysis results are
compared'to those from the' quarter-scale model drop tests for the
-outer shell in the NAC Response'to Comment 11.2.4.9. The buckling-
evaluation of the NAC-STC inner shell and' transition sections is i

performed by an NAC proprietary computer program in accordance with
-ASME Code Case N-284. The documentation of the NAC STC adequacy in
satisfying.the buckling criteria is presented in the NAC-STC SAR
Section 2.10.5. The results of the buckling. evaluation are
summarized in Table 2.10.5-1 of the SAR.

L

O .
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Appendix B

Pertinent pages copied from the NAC STC SAR for reference purposes.
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2.10.5 Inner Shell Buckline Analysis

Code Case N 284 (Metal Containment Shell Buckling Design Methods) of the
'"ASME Boiler and Pressure vessel Code" is used to analyze the NAC STC
inner whell and transition sections for structural stability. Structural

stability ensures that the inner shell and transition sections do not
buckle during cask fabrication, normal conditions of transport, or
hypothetical accident conditions. The buckling evaluation requirements
of Regulatory Guide 7.6, Paragraph C 5, are shown to be satisfied by-the
results of the interaction equation calculations of Code Case N 284.

= The inner shell buckling design criteria, specifically the criteria of

Code Case N 284, are described in detail in Section 2.1.3.4.

2.10.5,1 Buckline Analysis

The structural stability analysio'of the NAC STC inner shall and

transition sections is performed by an NAC proprietary computer program

O- ~in accordance with the ASME Code Case N 284. The data considered for an.
ASME Code Case N-284 buckling evaluation includes shell geometry

L parameters, shell fabrication tolerances, shell material properties,
theoretical elastic buckling stress values for the shell,.and primary

plus secondary (P +-Q). stresses-at the sections of the shell to be
evaluated. The axial, hoop, and in-plane shear. components of the P + Q

L stresses in.the inner shell and in the' transition sections are obtained
~ from the'ANSYS finite element analyses for each of the normal conditions

of transport and hypothetical accident conditions. Since the inner shell

and the transition sections of the primary containment vessel are

different materials and have different operating temperatures, a separate

buckling evaluation'is performed for the inner shell and for the
,

transition sections. The fixity-provided by the thick end forgings
..

precludes buckling in the regions of the inner shell immediately adjacent
to the forgings.

Nodal-P + Q stress components are conservatively used for the buckling
evaluation'of the inner shell and the transition sections of the NAC STC
for the heat condition, the cold condition, all of the 'l foot drop

2,10.5 1
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.-- = _ - . .. - .- - .. , -_

NAC STC SAR September 1990'

_. Docket No., 71 9235

conditions, the 30 foot top and bottom end drops, the 30 foot side drop,-

,.

and the 30 foot top and bottom corner drops (nodal stresses include any
peaking effects that are present at the node location). Sectional P + Q
stress components,_as required'by ASME Code Case N 284, are used for the
buckling evaluation of the inner shell and the transition sections of the
NAC STC for the 30 foot top and bottom 75-degree oblique drops and for
the 30-foot bottom 15-degree oblique drop. For each load condition
evaluated, the maximum compressive axial stress component calculated
anywhere in the inner shell is combined with the maximum compressive hoop
stress component calculated anywhere in the inner shell and the maximum
in-plane shear stress component calculated anywhere in the inner shell;
this produces a grossly conservative, bounding case buckling evaluation
of the inner shell. The same analysis is used in the buckling evaluation
of the transition sections. The stress component values used in the
buckling evaluations are documented in Table 2.10.5-1.

The maximum normal conditions-transport temperature in the inner shell is
- determined to be 356* F. - The maximum temperature in the transition

- sections is determined to be 306'F. Therefore, a temperature of 356'F is

used'to determine the. values of the modulus of elasticity and yield
stress:to be used in the buckling evaluation of the Type 304 stainless
steel' inner shell. Similarily, a temperature of 306*F is used for the
transition sections.

2.10.5.2 Analysis Results

The sesults of the buckling evaluation of the NAC-STC inner shell-and
transition sections are summarized in Table 2 10.5 1. All interaction.

equations yield values.less than 1.0. Also, there are no concentrated

loads:on the inner shell.or transition sections that would lead to
localized buckling. -Therefore, the buchling criteria of Code Case N-284
.are, satisfied and it is concluded that buckling of the NAC-STC inner
'shell and transition sections will not occur.

O .

2.10.5-2
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2.10.5.3 Verification of the Code Case N 284 Buckline Evaluation of the
NAC-STC Inner Shell and Transition Sections

The results of the proprietary NAC computer program that performs the
Code Case N 284 buckling evaluation are verified by a hand calculation of
load ca'se "J " (Table 2.10.5 1). This step by step analysis procedureT '-
reflects the procedure dia6 rammed in paragraph 1800 of Code Case N 284. |

The geometry parameters for the NAC-STC inner shell and transition
sections are defined in Table 2.10.5-2.

~

Sten 1-

For load case "J ", the compressive stresses from Table 2.10.5 1 are: '

T

S4 - 16,445 psi

S, - 10,356 psi

S , - 14,515 psij.

Sten 2

For accident conditions, the factor of safety (FS) is 1.34. Multiplying

the stress components by this factor of safety yields:-

FS(S
- 22,036 psi'

FS(S,]-13,877 psi

FS(S
- 19,450 psi

' Sten 3

Capacity reduction factors, calculated per Section 2.1.3.4.3, are
provided in Table 2.10.5 3, and are as.follows for the load case "J "T
transition section temperature of 300*F:

LOL

2.10.5-3
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.

o g - 0.403

gg - 0.8'a

ajpg - 0.8

In order to directly use the capacity reduction factors from Table
2.10.5 3, the tolerancs requirements of Article NE-4220 of the "ASME

i Boiler and Pressure Vessel Code," Subsection NE must be satisfied.

Article NE 4221.1 and Article NE-4221.2 set.forth the "maxiwam di.fference
in' cross sectional diameters" and " maximum deviation from true
theoretical form for external pressure". Table 2.10.5-4 shows that the
requirements of Articles.NE 4221.1 and NE 4221.2 are satisfied, as long.
as the maximum tolerances and configuration constraints are met during
manufacturing.

Sten 4

D'

'Q Plasticity reduction factors are determined using the equations presented
in Section 2.1.3.4.4 as follows (S available from Table 2.10.5 5):

1. Axial Compression

S (FS)/S -_(22,036)/(43,620) - 0.5052-
j 7

!

nj - 1.0

2. Hoop Compression

S (FS)/Sy. _(13,877)/(43,620) - 0.3181g .

np - 1.0 ,

3. -Shear

S ,(FS)/S - (19,450)/(43,620) - 0.4459j y

0 0 g_- 1.0 ,

4

2.10.5 4
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|v

: O From Section.1600 of Code Case N 284, as an upper limit, the compressive i

stresses. Sg (1 - ( or f), must be less than the yield strength, S ,y
divided by the appropriate factor of safety (Sg < S /FS). Similarly, for'

y
divided by theshear, S , must be less than or equal to 0.6 Syj

appropriate factor of safety (S , s 0.6 S /FS). As stated in Sectionj y)

|
2.1.3.4.1, there is a factor of safety of 2.0 for normal transport

; conditions and a factor of safety of 1.3t for hypothetical accident
conditions. Table 2.10.5 6 presents the elastic upper bound compressivep
and shear stresses, evaluated using normal and accident condition factors |'

of safety. Under no circumstances can the elastic values presented in
the table be exceeded. However, satisfying these limits alone is not"

sufficient to demonstrate that buckling vill not occur. As stated in
I section 2.1.3.4.1, the interaction equations must also be satisfied.

Sten $
,

Compute elastic stress components per the following equation:
,

S, - S (FS)/ag g gg

i

- S (FS)/agg - (22,036)/(0.403) - 54,680 psiS, jj
,

S,, - S,(FS)/agt - (13,877)/(0.8) - 17,346 psi

S ,, - S ,(FS)/ajpg - (19,450)/(0.8) - 24,313 psij j

stee'6

Compute inelastic stress components per the following equation:

- S ,/ngS ggp

- S ,/nj -'(54,680)/(1,0) - 54,680 psi
--

S jjp

S,p - S,,/n, - (17,346)/(1,0) - 17,346 psi,

-S ,p - S ,,/nj, - (24,313)/(1.0) - 24,313 psi| j j

2.10.5 5
a
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O Sten 7

Tor the NAC STC, the buckling evaluation approach, consistent with the
vessel design and method of analysis, is that of paragraph 1710 of Code
Case N 284.

f.LtP 1

Theoretical uniaxial buckling values are available from Section
2.1.3.4.2. For the transition section at 300*F, these theoretical valuu
are as follows (Table 2.10.5 7 and Table 2.10.5 8):

S ,,t - 68,435 psi
'

j

S ,t *. SreL - 49.155 psig

d " '7'927 P81het

S4g,g - 176,487 psi

Applicable elastic and inelastic interaction equations in
paragraph 1713.1.1 and paragraph 1713.2.1 of code Case N 284 are checked
as follows:

1. Elastic Buchling (Paragraph 1713.1.1, Code Case N 284)
|

a. Axial Compression Plus Hoop Compression

|

(8ds<0.5S,,]

54,680 > (0,5)(17,346); therefore, not applicable,

b. Axial Compression Plus Hoop Compression

|
(84 a0.5S,]p

heL) + (8ds/8heL] s 1.0,(8ds 0.5 SheL)/(84L
0.5 S

t

2.10.5 6
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O 54 6B0 - (0 S MO,dM.1- (17,346/48,465)2 s 1.0666,435 - (0,5)(48,465) +

0.1754 s 1.0

therefore.

Q1 - 0.1754 < 1.0.

c. Axial Compression Plus Shear

/8 * (bHs/S#e(84
s 1.0

(54,680/668,435) + (24,313/176,487)2 s 1.0

0.101 s 1.0

therefore,

Q2 - 0.101 < 1.0

d. Hoop Compression Plus Shear

(80s/8 + (8Hs/8He] s 1.0

(17,346/49,165) + (24,313/176,487)2 s 1.0

0.372 s 1.0

therefore.

Q3 - 0.372 < 1.0

c. Axial Compression Plus, Hoop Compression Plus Shear

K-1-(Sg,/Sg,d a 1 - (24,313/176,487)2 - 0.9812

0
2.10.5 '
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O and, therefore, Equation B (above) becomes: ,

$4.680 - (0.$)(0.981)(48.465) [(17,346/(0.981)(48,465)]2 - 0.182(668,435)(0.981) - (0,5)(0.981)(48,465) + ;

J
therefore,

|

Q4 - 0.182 < 1.0'

2. Inelastie Buckline (Paragraph.1713.2.1, Code Case N 284)

a. Axial Compression Plus Shear

(8(p/84 L) + (8Hp/8H eL] s 1.0

(54,680/668,435)2 + (24,313/176,487)2 s 1.0

0.026 5 1.0

therefore,

1

f QS - 0.026 < 1.0

b. Hoop Compression Plus Shear

(8#p/8 ret) + (8dep/8# eL] s 1.0

(17,346/49,155)2 + (24,313/176,487)2 s 1.0

! 0.144 s 1.0
l
I

therefore,

Q6 - 0.144 < 1.0i

|

|

O-

.

I 2.10.5 8
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O
The results of the hand calculation of load case *J " are identical toT,

the results in Table 2.10.5 1 that were calculated by the NAC proprietary'

computer program, which performs the Code Case N 284 buckling evaluation.
Thus, the computer program results in Table 2.10.5 1 and the buckling
stability of the NAC STC inner shell are verified.

O

.

9

2.10.5 9
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I Table 2.10.5-1 Buckling Evaluation Hesults f4AC-STC Inner Shell t2 %
o>

! n n.x-
em
n ~4,

! n
2

Inplane Plastic Buckling oM

- E
Load Load Analysis Axiaal Hoop Shear Elastic Buckling Interactions y

w

Case Condition Section Stress Stress Stress Interaction Equations Equations .

e
location (psi) (psi) (psi) Q1 C2 Q3 Q4 QS Q6 3<

* tn

A flea t Inner Shell -1634 -830 322 .00 .02 .04 .00 .00 .00
gg

B Cold Inner Shell -321 -3838 315 .00 .00 .19 .00 .00 .04
gg

C 1-tt Top End Inner Shell -5755 -2867 0 .09 .04 .29 .09 .00 .08
gg

D 1-Ft Botton End Inner She73 -5938 -2864 0 .10 .04 .30 .10 .00 .09
gg

73 E 1-Ft Side Inner Shell -4911 -1829 4338 04 .07 .10 .04 .01 .01
gg

(j F 1-Ft Top Corner Inner Shell -6729 -937 3029 .06 .10 .05 .07 .02 .00
gg

G 1-Ft Botton Corner Inner Shell -6819 -847 -2945 .07 .10 .04 .07 .02 .00
, gg

li 30-Ft Top End Inner Shell -10409 -2705 0 .07 .10 .09 .07 .03 .01
ga gg

I 30-Ft Bottom End Inner Shell -10649 -2679 0 .08 .10 .09 .08 .03 .01
gg

J 30-Ft Side Inner Shell -9836 -7346 9724 .12 .10 .26 .13 .08 .13
gg

E 30-Ft Top Corner Inner Shell -16021 -2484 8083 .13 .16 .09 .13 .72 .02
gg

L 30-Ft Botton Corner Inner Shell -15916 -2154 -7853 .13 .16 .t8 .13 .65 .01
gg

M 30-Ft Top Obliq. ( 75' ) Inner Shell -9659 -6848 9460 .11 .10 . it .12 .07 .11
gg

N 30-Ft Bott. Obliq. (15*) Inner Shell -16170 -1595 -6427 .13 .36 .06 .13 .81 .01
gg

O 30-Ft Bott. Obliq. (751 Inner Shell -10161 -5650 -9286 .30 .30 .20 .10 .07 .08 j
gg l

m
N
%
n
9
3
tr
9-

M

W
*n
%
O

|

j
- = _ _ - - -- ___- _ _ _ _ _ . _ _ . . _ _ - - - - - - - - - - - - - - -T
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Table 2.10.5-1 Buckling Evaluation itesults NAC-STC Inner Shell - Continued C7 */.
o :>
nn
W*
e <n
e 69

O
z

i

O"i t'lastic Duck t inv1
| Inplane b

Load Load Analysis Arial Hoop Shear Elastic Buckling Interactions .e
m

Case Condition Section Stress Stress Stress Interaction Equations Equations =

e

location (psi) (psi) (psi) Q1 Q2 Q3 Q4 05 06 w"
w

Tr.ansition -2956 -5218 -694 .00 .02 .26 .00 00 .07
A aleat

H Cold Transition -2988 -4135 503 .00 .02 .21 .00 .00 .04T

C 1-Ft Top End Transition -2960 -5727 0 .00 .02 .29 .00 .00 .08T

D 3-Ft Bottom End Transition -2955 -6581 0 .00 .02 .33 .00 .00 .11T

E 1-Ft Side Transition -7482 -3994 6037 .06 .06 .21 .06 .01 .05T
w

F 1-Ft Top Corner Tr.ensition -9626 -1473 3679 .04 .08 .07 .04 .01 .01T
g 7

C 1-Ft Botton Corner Triens itioh -10422 -1704 -3467 .05 .08 .09 .05 .01 .01

b 11 30-Ft Top End Trisnsition -2984 -14144 0 .00 .01 .48 .00 .00 .23, T

I 30-Ft Bottom End Trains ition -2973 -14362 0 .00 .01 .48 .00 .00 .23Tg

J 30-Ft Side Trainsition -16445 -10356 14515 .17 .10 .37 .18 .03 .14T

M 30-Ft Top Corner Transition -26632 -898 9400 .10 .34 .04 .30 .13 .01T

I 30-Ft Bottom Corner Transition -27565 -2122 -9183 .11 .14 .08 .it .17 .01T

M 30-Ft Top Obliq. (75*) Transition -13488 -9023 15240 .13 .09 .32 .13 .02 .18T

18 30-Ft Bott. Obliq. (15*) Transition -30799 -1935 -7407 .12 .16 .07 .13 .47 .01T

O 30-Ft Bott. Obliq. (75*) Transition -17164 -10107 -15101 .17 .10 .36 .18 03 .147

T
tn
fP
t
n
9
9
cr
9
*t

w
*O
C
O

- - _ _ _ - . ,,



_ _ _ - - _ _ _ _ - _ - _ - _ - _ _ - _ _ _ _ _ _ _ _ _ _ __ _ . _ _ _ _ _ . _ .

d

,

i
NAC STC SAR Septembsr 1990
Docket No. 71 0235

O Table 2.10.5 2 Geometry Parameters for the NAC.STC Inner Shell and
Transition Sections

Parameter Inner Shell Transition Section*

R - radius (in) (to centerline of shell) 36.25 36.25

t - thickness (in) 1.5 1.50

(Rt)0.5 7,37 7,37

161.00 161.00Lj - length (in)

227.8 227.8L, - 2xR - circumference (in)

j - L /(Rt)0.5 21.83 21.83M j

M, - L /(Rt)0.5 30.89 30.89
g

M - lesser of H or M 21.83 21.83
j g

v - Poisson's Ratio 0.275 0.275

* Conservatively consider the thinner portion of the Transition Section.

O -

2.10.5 12
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O Table 2.10.5 3 Capacity Reduction Factors for the NAC STC Inner Shell
4

and Transition Sections

-_

Temperature ('F)

Capacity Reduction
Factor 70 300 356

(SA 240. Type 304 Stainless Steel)

jg (axial) 0.267 0.207 0.207a

a g (hoop) 0.8 0.8 0.8
g

0.8 0.8 0.8ojpg (shear)

O
(SA 240. Type XM 19 Stainless Steel)

a g (axial) 0.517 0.403 0.392
j

gg (hoop) 0.8 0.8 0,8a

jpg (sheat) 0.8 0.8 0.8a

.

|

| N) .

2.10.5 13
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Table 2.10.5-4 Fabricatitsn Tolerances f or the t:AC-STC Inner SheII t7 ...
o>
n o.?r

Regtairement l'a ramete r inner Shell Data eM'
n s3

O(in)
OM

~ %
Maximum Inside Diameter (1.D.) 71.06

*

Minimism I.D. 70.96

tiominal 1.D. 71.00 v"
v

I4E-4221.1 a) (Max 1.D. - f1in I.D.) 0.10

b) (0.01) x (taoninal I.D.) 0.710

i.

Tolerance Chect Yes
'

(a < b) (0.10 in < 0.710 in)
w

h Noreinal Shell Tliickness 1.50 ,

h
"u. Minimum Shell Thickness 1.48

i

b ShelI length 161.00
V '

tioninal Shell Ointside Diameter (O.D.) 74.00

Minimum Shell O.D. 73.92 i

f3E-4221.2 c) l'et aissible Deviation, e 0.54
-

-

(Figure -4221.2-1) 1.
d) Actual Deviation 0.04 |

1

Tolerance Check Yes' m

(d < c) (0.04 in < 0.54 in) j
ni

- - - .

&g

e

i e
i (flominal O.D. - Minimum 0.D.)/2 = (74.00 - 7 3.**2 ) / 2 = 0. 0 4 e
1 9g
i

e-*
@
c
C*

k

i

!

i4

4
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O Table 2.10.5 5 Material Properties for Buckling Analysis Input

*
Parameter / Temperature ('F) 70 300 356

(SA 240, Type 304 Stainless Steel)

6 6 6
E (psi) 28.3 x 10 27.0 x 10 26.7 x 10

3 3 330.0 x 10 22.7 x 10 21.9 x 10Sy (psi)

(SA 240. Type XM 19 Stainless Steel)

6 6 6
E (psi) 28.3 x 10 27.0 x 10 26.7 x 10

3 3 355.0 x 10 43.6 x 10 42.6 x 10y (psi)S

* Section 2.3.2
.

O 8

2.10.5 15
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Table 2.10.5-6 Upper Dound Buckling Stress n7
o>
n o.sr
em
n ~4

O
Inad Condition 70*F 300*F 356*F 7

om
b

u
>J
.

e
93

(SA-240, Type 304 Stainless Steel) . w
&

1

Elastic, Upper Bound Normal 15,000 11,320 10,960

* Compressive Stress

S, or S (psi) Accident 22,390 16,900 16,343
g

,

Elastic, Upper Bound Normal 9,000 6,795 6,58n

73 In-Plane Shear Stress

f$ ggO (psi) Accident 13,434 10,140 9,806

v.
e*
0%

(SA-240, Type XM-19 Stainleas Steel)

Elastic, Upper Dound Normal 27,500 21.800 21,300

Compressive Stress

S, or S (psi) Accident 41,040 32,550 31,790
j

|

i Elastic, Upper Bound Normal 16,500 13,000 12,780
*

In-Plane Shear Stress
,

S,g (psi) Accident 24,620 19,530 19,070

v
e
M

>=
~D
e
O

,

.
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O Table 2.10.5 7 Theoretical Elastic BucklinB Stress Values (Temperature
Independent Form)

Elastic Buckling Inner Load

Stress Shell Description

0.025035E axialS ,gj

0.001841E hoop, withoutS ,t - SreLg
end pressure

S 0.001795E hoop, with end
heL

pressure

O
0.00661E shearS ,,tj

O
2.10.5-17
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Table 2.10.5 8 T).coretical Elastic Buckling Stresses for Selected
Temperatures (SA 240. Type 304 and SA 240, Type XM 19
Stainless Steel)

Parameter Theoretical Elastic Buckling Stress (psi)
Transition Section Inner Shell

Modulus of T - 70*F T - 300*F T - 356*F
6 6 6

Elasticity. E - 28.3 x 10 E - 27.0 x 10 E - 26.7 x 10

S 708,490 675,945 668,435
4d

52,100 49,710 49,155Sg-Srd

S 50,800 48,465 47,927
hd

S 187,060 178,470 176,487
gg

.

2.10.5 18
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11.2.4.7.2 Analysis Consideration
U |

|
|U.S. NRC Comment
]

'(a) The statement: "The fuel assembly loado are transmitted in direct

compression through the tube wall to the web structure of each
support disk", indicates that the borated aluminum tubes play a
structural role in the basket. Please include the tubes in all

basket structural analyses.

(b) If the borated aluminum tubes fail, are there criticality concerns

due to the exposed fuel rods between the support disks?

(c) Although the side drop is probably the most critical load case for
the basket support disks, the end and corner drops should be
addressed. Reasons for omitting the analyses should be provided.

!

O NAC Response
Vl

|

(a)- Refer to the NAC Response to Comment 3.3.1; based on the
requirement of the Transportation Branch of the U.S. NRC that no
credit be taken for the strength of " borated aluminum alloy"
because no code, standard, or specification for its fabrication
exists, the fuel tubes are conservatively not considered in the
structural evaluation of the NAC STC fuel basket, other than to

| transmit direct compressive load through the vall of the tube. As

documented in the NAC Response to Comment 3.3.1, the " borated
,

' aluminum alloy" fuel tubes do possess good strength
characteristics; the following classical stress analyses are
presented to conservatively demonstrate the substantial margins of
safety that exist for the fuel tubes for the 10 CFR 7130-foot drop
accident conditions (the storage _ drop accident conditions are much
less severe).

O
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|

30-Foot Jottom End Dron
>O

During a 30 foot bottom end drop accident, the fuel tubes are
loaded axially by their own weight. The direct compressive
stresses will develop in the fuel tubes. The design load for
analysis is the tube weight multiplied by an equivalent static
deceleration factor of $6.lg (Table 2.6.7.4-3, NAC.STC SAR) .

It is noted that the lateral pressures, produced by the fuel

assembly and the support disks, will restrain the fuel tube wall
from buckling. Only the direct compressive stresses are evaluated.

Tube Weight: W - [(9.073)2 (8.653)2)(160.0)(0.102) - 121.50 lb-

Design Load: Ud - (121.50)(56.1) - 6816.2 lb

2Cross Sectional Area of Tube: A - (9.073)2 (8.653)2 - 7.44 in

The calculated compressive stress is:

U

-[-916 psiSc

The allowable compressive stress is equal to the yield stress of
" borated" 6351 T54 aluminum alloy at 450*F (NAC Response to Comment

3.3.1).
|

|
S'"S - 12900 psi'

c cy

M.S.-[S* 1 - 1}fa,rge
c

Therefore, the fuel tubes are structurally adequate for a 30 foot drop
bottom end impact accident condition.

I

O .
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,

.

30 Foot Side Dre,O
During a 30 foot side drop accident, the impact load on a tube due to
the contained fuel assembly may be supported by the wall of the

I aluminum tube in the direction of the impact. Each fuel assembly
weighs 1500 pounds. The impact load on a tube is determined by

'

multiplying the fuel assembly weight by an equivalent static
deceleration factor of 55g. The impact load is considered as a
uniformly distributed pressure over the entire surface of the tube
wall. The impact pressure is dete ned as:

w - (55)(1500 lb)/(160 in x 9.0 in) - 57.3 psi

Assuming that the loaded tube wall is simply supported on two sides by
the disks, which are at a 3.5 inch edge to-edge distance, and on the
other two sides by the vertical side walls of the tube, Reference 2,
page 386, case 1, is used to calculate the maximum bending stress in
the tube wall as:

2 2(S ) max - B w b /t - 10,648 psib

p - 0.669 (a/b - 9/3.5 - 2.57)

w - 57.3 psi

a - 9 in - width of aluminum tube
b - 3.5 in - edge to edge spacing between adjacent disks ;

t - 0.21 in - wall thickness of aluminum tube

The margin of safety is:
r

M.S. - (12,900/10,640) 1 - +L21,
,

!

The maximum shear stress in the loaded tube wall is:
!

(S,),,x - [b - 477.5 psi
2 9 0

The margin of safety is

M.S. - [(12900/2)/(477.5)) 1 - 1_ ge,Q

127
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Therefore, the fuel tubes are structurally adequate for a 30 foot side
O drop accident condition.

Corner Dron

Reviewing the stress results in the tube for the side and end drop
analyses, the side drop condition is much more critical. The stresses-

that occur during a 30-foot corner drop condition are close to, but
less than, the stresses resulting from the 30 foot end drop condition.
Therefore, the corner drop condition is not evaluated.

,

(b) Should the " borated aluminum alloy" tubes in the NAC STC fuel
basket rupture and there was leakage of water into the cask, there
would be a criticality concern. The containment boundary of the
NAC STC is demonstrated to remain intact for all storage and
transport load conditions, so in leakage of water to the cask will
not occur; Paragraph (a) of this response demonstrates that the
tube material yield strength at operating temperature for the
critical drop accident load conditions provides a minimum margin of
safety of +0,21 (the margin of safety against ultimate rupture is
+0.51, where S - 15.0 ski). Therefore, there is no criticality

u
con'.ern for the NAC STC fuel basket.

(c) The stresses developed in the support disk for an end drop loading
condition are calculated in the following analysis. Comparing the

stress results for the side drop analyses in Section 11.2.4.7.5 of
the TSAR and these end drop analyses, the calculated maximum
stresses (impact + thermal) in the support disk are nearly the
same; 15.8 ksi for a side drop condition and 16.4 ksi for an end
drop condition with the thermal stress dominating (12.6 ksi). It

is expected that the impact stress value for the corner drop
condition is of the same order of magnitude as the impact stress
value for the side and end drop conditions and the thermal stresses
are identical. .Therefore, the corner drop condition is not

evaluated in detail.

O
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End Dron

The support disks of the NAC STC fuel basket are supported by
threaded rods and spacer nuts positioned at four locations near the
periphery of each disk. An ANSYS structural analysis is performed
to evaluate the effect of a 30 foot end drop impact (out of plano
loading) on the support disks in the NAC STC with the cask in the
vertical position. The ANSYS 11 element (STIT43) is
used in the model as shown in Figure 1. This shell element is
selected because it can accurately calculate the shear deformation
effect on thick plate bending. The end drop impact loading is
applied in the cask longitudinal direction (perpendicular to the-

Tiane of the support disk). A load factor of 56.lg is applied to
the rnass of the support disk. The value of 56.lg is the maximum
deceleration of the NAC STC for a 30 foot end drop irnpact.
Displacernent restraints are applied in the ANSYS model at the nodes
where the four threaded rods with spacer nuts are located.

The 20 highest nodal stresses in the support disk resulting from
thermal expansion (Table 1) are used as a basis to determine the
critical cornbined thermal and 30 foot end drop impact stresses

because the thermal expansion stresses are dominant. The inaximum
SICE nodal stress (3.7 ksi. Table 2) resulting from the end impact
loading, is conservatively used in the calculation of the combined
thermal expansion plus end innpact stresses for each of the 20 nodes
with the maximum thermal expansion stresses. The absolute
summation method is used to combine the thermal expansion and
impact stresses. Table 3 documents the 20 nodal locations with the
highest total stresses (thermal expansion stresses plus inaximum end
drop impact stress) at normal operation temperatures, and documents
the associated margins of safety. The minimum margin of safety is
dLfl. Therefore, the structural adequacy of tho'NAC STC fuel
basket support disk design for the 30 foot end drop accident
condition is demonstrated.

O
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O
rigure 1 Basket Support Disk Finite Element Model - End Irepact

Analysis

NAC.STC TSAR March 1990
:

Figure 11.2.4 15 Finite Element Model Gravity Analysis
(NAC $TC 26 FWR Basket Support Disk)
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Figure 2 Location of the 20 Maximum SICE Nodal Stresses in the! '

NAC STC Fuel Basket Support Disk Thermal Condition

NAC.37C TSAR h reh 1990

rigure 3.4.10 4 location of the 20 Maximus SICE Nodal $ tresses in the
NAC.$TC Tuol Basket Support Disk . Thermal Condition
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Table 1 Basket Support Disk Thermal Expansion Stresses

Location

of 20
2

Highest Node S b 3 SIGE Temperature
x y xy

Stresses Number (ksi) (ksi) (ksi) (ksi) ('F)

1 4220 0.3 12.6 -1.5 12.7 376

2 4065 3.6 13.5 0.7 12.2 376

3 2289 2.9 13.3 -0.6 12.1 376
4 2045 3.6 13.5 -0.7 12.1 376

5 180 2.9 13.2 0.5 12.1 376
6 3751 0.6 11.0 0.9 10.8 376

7 1718 0.6 10.9 0.9 10.7 376
8 2786 0.7 10.6 1.1 10.5 376
9 5551 0.8 9.7 0.1 10.1 376

10 2813 2.0 8.5 3.4 9.7 376
11 3758 2.2 8.1 -3.2 9.2 376
12 1725 2.2 8.1 3.2 9.1 376
13 6543 -0.7 8.7 0.2 9.1 376

14 4975 -0.7 8.6 0.2 9.0 376
15 4253 0.9 7.9 2.7 8.8 376
16 5549 0.0 8.8 0.2 8.8 376O 17 7085 0.0 8.3 0.1 8.3 376
18 7087 0.8 7.9 0.2 8.3 376
19 2296 2.7 4.7 4.2 8.3 377
20 187 2.7 4.7 4.1 8.3 377

1 stress components are listed for the nodes with the 20 highest chermal
stresses. (See Figure 2 for locations of these nodes.) Note that S x
is the stress in the radial direction, S is the stress in

Ycircumferential direction and S is the shearing stress.

SIGE (Von Mises) Stress - (0.707) (S - S )2 + S 2,g 2+6S
x y x y xy

Note that the terms of S , S and S are zero for a two dimensional
stress analysis and, thefefod ,, are NEE shown in the Von Mises stress
formula.

O
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4

() Table 2 End Drop Impact (56.1 g) Basket Support Disk Stresses

Location

of 20
IHighest Node S S S SIGEx y xy

Stresses Number (ksi) (ksi) (ksi) (ksi)

1 13532 3.3 1.4 -1,3 3.7
2 13493 4.1 1.7 0.3 3.6
3 18497 -0.1 3.5 0.0 3.6
4 18122 0.1 3.5 0.0 3.6

15 15576 0.2 3.6 0.0 3.5
6 13476 0.2 -3.6 0.0 3.5
7 18516 0.0 3.4 0.1 3.5
8 18141 0.0 3.4 0.1 3.5
9 18545 0.2 3.3 0.3 3.4

10 18170 0.2 3.3 0.3 3.4
11 18415 3.2 2.9 -0.8 3.4
12 18032 3.2 2.9 0.8 3.4
13 18498 0.1 3.4 0.1 3.4
14 18123 0.1 3.4 0.1 3.4
15 18517 0.0 3.3 0.3 3.3

r-'s 16 18142 0.0 3.3 0.3 3.3
(j 17 14097 -1.6 1.9 1.5 3,2

18 13677 -0.5 2.9 0.0 3.2
19 18042 0.2 3.0 0.4 3.1
20 18425 -0.2 3.0 -0.4 3.1

I SIGE (Von Mises) Stress - (0.707) (S S )2 , g 2g 2+6S 2 ~

g g y xy

O
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) Table 3 Combined Thermal + End Drop Impact (56.1 g) Basket
Support Disk Stresses

~~

Thermal End Drop Combined

SIGE SIGE SIGE Allow. Margin
1 2 3 0 i

Node Stresn Stress Stress Temperature Stress of
Number (ksi) (ksi) (ksi) ('F) (ksi) Safety

4220 12.7 3.7 16.4 376 27.4 +0.67
4065 12.2 3.7 15.9 376 27.4 +0.72
2289 12.1 3.7 15.8 376 27-.4 +0.73
2045 12.1 3,7 15.8 376 27.4 +0.73

180 12.1 3.7 15.8 376 27.4 +0.73
3751 10.8 3.7 14.5 376 27.4 +0.89
1718 10.7 3.7 14.4 376 27.4 +0.90
2786 10.5 3.7 14.2 376 27.4 +0.93
5551 10.1 3.7 13.8 376 17.4 40.99
2813 9.7 3.7 13.4 376 ~ :7. 4 +1.04
3758 9.2 7.7 12.9 376 . 7.4 +1.12'

1725 9.1 3.7 12.8 376 ; 7.4 +1.14
6543 9.1 3.7 12.8 376 ;7.4 +1.14
4975 9.0 3.7 12.7 376 17.4 +1.16
4253 8.8 3.7 12.5 376 27.4 +1.19

O- 5549 8.8 3.7 12.5 376 27.4 +1.19
7085 8.3 3.7 12.0 376 27.4 +1.28
7087 8.3 3.7 12.0 376 27.4 '+1.28
2296 8.3 3.7. 12.0 377 27.3 +1.28

187 8.3' 3.7- 12.0 377 27.3 +1.28

1 The 20 highest nodal thermal stresses (Table 1) are used as a
basis for the calculation of the combined thermal + end drop 1

!impact stresses because the thermal stresses are dominant.
2 The maximum SIGE nodal stress (3.7 ksi, Table 2) resulting from j

the 56.lg end drop impact loading, is conservatively used to
determine the critical combined thermal and end drop impact
stresses.

3 The absolute summation method is used to calculate the combined
thermal and end drop impact stresses. ,

0 The allowable stresses is S . S is the yield strength of
2219 T87 aluminum alloy, inEludiXg consideration of elevated
temperature aging effects at operating temperature.

O\s
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f3 11.2.4.7.3 Methodology
IV'

U.S. NRC Comment

)

The analysis in Section 11.2.3.2 used a side drop impact force
corresponding to 27.5g, while the side drop in this section uses a
force corresponding to 23.5g. Please review.

)
i

NAC Resnonse j

|The 27.5g side drop impact force used in Section 11.2.3.2 for each

impact limiter represents the assumed design impact force of 55g

for the NAC STC for the 30 foot side drop load condition specified

by 10 CFR 71; that design impact force, which is used in the 30 I
Ifoot side drop analysis in Section 2.7.1.2 of the NAC STC SAR, is
l

used in Section 11.2.3.2 to demonstrate that the 30-foot side drop

load condition analysis envelopes the storage cask tipover load

condition. In this section, 11.2.4.7.3, the upper side impact

limiter force for the storage cask tipover load condition is

calculated in Seccion 3.4.9 and tabulated in Table 3.4.9 1 (2.94E06
pounds of 11.76g), is multiplied by 2 to obtain an " equivalent"

total side impact force of 5.88E06 pounds (23.5g) for the analysis
of the fuel basket.

,

; O
,

|
'
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11.2.4.7.4.3 Model Description
v

U.S. NRC Comment

(a) In the ANSYS model, what type of displacement restraints were
assumed at the rod locations, hinged, fixed, or other? ;

6
(b) Please provide the basis for the gap element stiffness of 1 x 10

pound / inch. -

(c) What is the contact area between the basket disk and the inner cask
shell at the maximum load? Was this area used in determining the

gap element stiffness?

|

l
NAC Response

(a) Different displacement restraints were used at the rod locations in

- the ANSYS model of the support disk depending on the type of
- analysis, thermal, differential thermal expansion, end drop

and side drop. For the end drop analysis, roller-type displacement

restraints were assumed at the rod locations; to be specific,

displacement is restrained in the disk lateral direction. For the
other analyses, no displacement restraint was assumed at the rod

locations in the ANSYS model of the support disk.

(b) ANSYS gap elements are used to model the interface between the
support disk and the inner shell. The gap elements maintain the

physical boundary, and ensure no excessive overlapping between the
support disk and the inner shell.

The initial trial stiffness of the gap elements is first determined

by performing hand calculations using the formula:
I

1a
1
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O'

F - (K ) (u),
g

; where P - force

u - displacement j

K - gap element stiffness

1

and K - AE/L,
.

I

where A - Unit contact area at the interface between
the support disk and the cask inner shell

- 2.5 square inches
E - Young's Modulus of Aluminum

6- 10 x 10 p,g

L - support disk diameter

- 70.85 inch

5
The value of K - AE/L is 3.5 x 10 pounds / inch. Therefore, a

6 6
: trial value of 1.0 x 10 pounds / inch is used as the gap element

stiffness in the initial ANSYS analysis run. The analysis results
are then examined to ensure that any overlapping between the
deformed support disk and the cask inner shell in the ANSYS model
is less than 5 percent of the thickness of the inner shell; the
actual overlap is only 0,5 percent; therefore, the gap element

6stiffness of 1.0 x 10 psi is appropriate for use in the basket
support disk side drop evaluations.

(c) The contact area is essentially the 180' arc surface between the
basket support disk and the cask inner shell resulting from the
most critical loading condition, thermal plus sido drop. The

contact surface ranges from 140' to 180* for other loading
conditions. This data was not used to determine the gap element
stiffness.

137
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(
\. 11.2.4.7.5 Analysis Results

II. S. NRC Comment

(a). Why were the 23.5g results not directly scaled from the 55g
results? The 23.5g results appear to be calculated by first adding
the 55g results to the thermal stress values and then subtracting

'

the therani stress results. The difference is then scaled to
23.5g.

(b) Since the Von Mises Stress is not direction dependent, it should

not be used for load combinations. The combination oi load cases
should be done using the stress components referring to the same
coordinate system.

i
!

NAC Response

'O (a) The stress results for the combined thermal plus 55g impact loading
condition are obtained from the analysis considering the combined
thermal and impact effects. No analysis was performed for the
impact load only. Therefore, the stress results for the combined

thermal plus 23.5g impact loading condition are calculated by:

(1) subtracting the thermal stresses from the combined stresses for
the thermal plus 55g impact loading,

(2) ratioing the 55g impact stresses by 5/55); and

i

(3) adding back the thermal stresses to the 23.5g side impact
stresses to obtain the combined stresses for the thermal plus

|-
23,5g impact loading condition,

I
|

L More than 80 percent of the combined thermal plus 55g impact
stresses are thermal stresses; therefore, no significant inaccuracy

,

LO
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('' ' ' is introduced by :he use of a ratio to scale the impact stresses
\~ from 55g to 23.5g.

(b) NAC agrees that for the most accurate results, the
combination of load cases should be done using the stress

components referring to the same coordinate system. However, NAC

has determined that for the fuel basket support disk analysis,

the direction addition of the Von Mises SIGE stresses for
the thermal and the impact load conditions produces higher
(conservative)' total stress values than does the combination of the
stress components for the same load conditions. Thus, the simpler

direct addition method is used in this analysis,

f
.
m.

(

(~ .

t

'a '.'
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(' ~ 11,2,4,7,6.4 Threaded Rods and Spacer Nuts - Accident Conditions
(

U.S. NRC Comment

(a) After computing the averabe compressive stress, was a beckling
analysis done for the rods? For the end drop, buckling is a

critical concern.

(b) Although the end drop is thought to be the most critical load case
fer the basket threaded rods, please explicitly address the side

and corner drops and provide reasons for omitting the analyses for
these drop cases.

HAC..b,sponse

(a) The classical Euler buckling equation is used to determine the

critical buckling load for the threaded rods:

p
O

P *" /er

Young's Modulus for the 2024 T351 aluminum alloy at! where E -

E 360*F,
6

9,6 x 10 p,1-

|

|- I the moment of inertia for the threaded rod--

0
nd /_64-

where d - 1,378 inches is the rod diameter derived

from the rod tensile area (tensile area - 1,492 in2,
2w d _/4)

0.177 inch'-

the length of the threaded rod between the bottomL -

|.

| plate and the first adjacent support disk

|
6,4 inch-

| The calculated Per (critical buckling load) for a threaded rod is
- 409,768 pound, which is much greater than the maximum calculated

w/
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r-~y load, P - 649,715/4 - 162,480 pounds on each rod. Therefore, the

\) buckling of the threaded rods is not a concern. The structural%-

- rigidity of the spacer nuts is conservatively not included in these

buckling calculations.

(b) For the side drop case, the fuel assembly loads are transmitted in

direct compression through the tube wall to the web structure of

each support disk. The loads are transmitted to the inner shell of

the cask by the series of 25 support disks and the top and bottom
plates. Therefore, the threaded rods are not subjected to the

weight of the support disks or fuel assembly for a side drop

condition. The threaded rods are loaded in shear by the weight of

the spacer nuts for a side drop condition. The larger spacer nuts
weigh approximately 5 pounds each; using a 55g _ impact load factor
and the rod tensile area multiplied by 2 (double shear), the shear

stress on the threaded rod is only 93 psi, which is negligible.

For an end drop condition, the threaded rods are loaded with the

full weight of the support disks and one of the top and bottom

; plates as shown in the analysis in Section 11.2.4.7.6.4 For the

.( } corner drop condition the threaded rods only take the cosine
component of the full weight used for the end drop condition,

Therefore, the threaded rods are evaluated only for the most
critical load case, which is the end drop condition.

:

!

|

|

1
|.

~
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' ~ 11.2.4.8.1 Geometry and Loads
-

U.S. NRC Comment

Is the analysis for the top end drop included in the TSAR 7 How
were the corresponding 37.0g and 48.6g decelerations calculated?

,.

NAC Response

No, the analysis for the top end drop condition is not included in
the TSAR. The top end drop event is not a credible occurance for a

storage cask.

The 37.0g and 48.6g decelerations are calculat.d for the NAC STC
transport inmact limiter using the RBCUBED computer program
(Section 2.6.7.4 of the NAC-SAR).

Ov
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p) - 11.2.4.9 Accident Dose Calculations
%

U.S. NRC Comment

The lead slump analysis should include the additional lead slump
caused by radial displacements. The radial displacements are the
results of the high hydrostatic pressure existing in the slumping
lead shield. What is the amount of the lead slump calculated with

the formula given in ORNL-NSIC 68 (Cask Design Cuide by L.
Shappert)?

NAC Response

As discussed in Section 11.2.4.9, the lead slump calculation for

the NAC-STC very conservatively assumes that lead movement
ccmpletely fills the 0.0324-inch radial gap that exists between the
outer shell and the lead as a result of the lead contraction
following lead pour. Based on SCANS analyses, the calculated lead
slump is essentially zero, primarily because of the relatively soft
NAC STC impact limiters that permit the lead to remain elastic
during a 30-foot drop impact. (Refer to Paragraph (a) of the NAC
Response to Comment 3.3.6.1). The formula given in ORNL-NSIC 68
(Cask Design Cuide by L. Shappert) is not applicable, since it was
developed based on the hard impact incurred by casks without impact
limiters (ORNL TM 1312, Volume 6).

The lead in the NAC-STC remains clastic during a 30 foot drop

impact; thus, the moduli of elasticity tabulated in Tables 3.3.6-1
and 3.3.6 2 of the NAC-STC TSAR are appropriate for use in the 6-
foot drop and the tipover impact analyses in the TSAR and in the 1-~

foot and 30-foot drop analyses in t.he SAR. The elastic behavior of
the lead is verified by the comparison of the outer shell stresses
measured during the 30 foot top end drop test of the NAC-STC
quarter-scale model with those calculated by the SCANS 30-foot top
end drop analyses using the elastic modulus of lead (refer to Table
1 in the NAC Response to Comments 3.3.6.1). A SCANS analysis was
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- p -. also performed for a 30 foot top end drop using the clastic plastic
: modulus of elasticity for lead as defined in the SCANS program

documentation; the calculated outer shell stresses are also

tabulated in the attached table. Since the measured hoop (S ) andg

axial (S ) stresses in the outer shell for the quarter-scale modelg

top end drop compare favorably with those SCANS calculaced values
using the elastic lead modulus and are greatly diffe:ent than those
values calculated by SCANS using the elastic plastic lead modulus,
it is evident that the lead remains elastic during a 30-foot drop

impact.

Based on the elastic lead modulus, the calculated and measured

maximum hoop stress in the outer shell is 2.0 ksi, which results -

from an internal pressure in the 1 cad of 126 psi; this pressure
produces an outward radial deflection of the outer shell of 0.0026
inch and an inward radial deflection of the inner shell of 0.0022
inch; incorporating these deflections into the lead slump
calculation, which very conservatively assumes that the lead moves
to completely fill the annulus between the inner and outer shells,
yields a lead slump of 1.957 inches. As stated at the top of page
11.2.4-92, the lead slump is approximately one-half of the height
of the end-fitting,-but the dose rate calculation very
conservatively assumes that the full height of the end fitting is
exposed; therefore, the calculated dose rates are unchanged and the
shielding consequences of the accident remain bounded by the
complete loss of radial neutron shield accident.

O'
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11.2.13.1.2 Accident Analysis (15 Inch Bottom End Drop Onto a ConcreteO Pad)

U.S. NRC Comment

The soil and concrete model presented in the TSAR needs proof that
the analytical model is conservative and that it envelopes all
possible site conditions; otherwise separate action must be taken
for each site. Use of an unyielding surface model is approved in a
more timely manner than a soil and concrete model. The 15-inch
bottom end drop analysis should be redone with a finite element
model of the cask impacting an unyielding surface.

HAC Response

The soil and concrete model presented in the TSAR describes the
configurations and specifications for a typical dry-storage

( concrete pad, If the pad at a specific site is more rigid than

that analyzed in this section, a bottom impact limiter is required;
a statement to that effect will be added to the last paragraph in

Section 11.2,13.1.2 of the TSAR.

O
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