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(1) Attachment - Responses to 8-120 NRC Questions; and,
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In performing the extensive, in-depth analyses for the SAR, several
improvements were incorporated into the design of the cask.
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(11)(c) for a major amendment.
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RESPONSES TO 8-120 QUESTIONS .

O
Question No.1

The evaluation of the 30-foot drop test (Sect. 2.7.1) does not adequately
demonstrate the integrit;y of the containment vessel. The analysis should
be revised to indicate the stresses that would be present in the contain-
ment vessel and to show that these stresses are within acceptable limits
to assure the integrity of the vessel. The analysis of impact effects
should consider the lateral pressure of the lead against the steel shells
as well as the axial stresses that would result from the steel supporting

The analysis should also evaluate the effects of differentialthe lead.
thermal expansion (axial and radial) between the lead and the steel shells.
Note the statement on page 2-14 that the lead and steel are bonded together
and that the steel would support the lead during impact.

Answer No. 1

The new analysis specifically addresses the concerns of this question.
Full details are provided in Section 2.7.1 of the revised SAR. Maximum
stress intensities throughout the cask, including the containment vessel,
are shown in Tables 2.7.1-2, 2.7.1-4 and 2.7.1-6, and are shown to be
below allowables, with a minimum safety factor of 1.40. In modeling the
lead / steel interface, lead-to-steel bonding was not assumed to take place
and, consequently, the steel does not support the lead in the axial direction.

O' This interface was modeled by decoupling the nodes of the lead elements from
the nodes of the steel elements of the axial direction, so that the lead was
free to move axially with respect to the steel. However, in order to model
the radial pressures exerted by the lead on the steel shells, the lead nodes
were coupled radially 13 the's' teel nodes, thus transferring radial forces
between the lead and the steel shells.

Because part of the loading conditions used in detennining the stresses
in the cask included the temperatures from the themal analysis (Section
3.0), and the concomitant internal pressures, the stress intensities
reported in the revised SAR include the effects of differential thermal
expansion (both radial and axial) as well as stresses induced by thennal
gradients and internal pressure.

Question No. 2

The evaluation of 30-foot end drop (Sect. 2.7.1.1) only considers slumping
The analysis should be revised to demonstrate the integrityof the lead.

of the containment vessel and closure under top and bottom end drop
conditions.

I
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Answer No. 2
,

Section 2.2.7.1.1 of the revised SAR discusses results of the 30-foot endO drop. Maximum stress intensities throughout the cask, including the
containment vessel and closure, are reported in Table 2.7.1-2. The stress
intensities are shown to be below allowables, with a minimum factor of

,

i safety of 2.81.

Question No. 3

The analysis of the 30-foot top corner drop (Sect. 2.7.1.3) should be
revised to provide the following information in connection with demonstrating
that an adequate seal will be maintained under accident conditions:'

! a. Show that the rim which projects above the cover would deform by
crushing, as was assumed in the analysis, rather than by local
bending, shearing, buckling or some other mechanism which would
dissipate less energy. Provide a sketch showing exactly which
area of the rim is considered to be the deformed volume. Note
that the shape of the deformed volume which was assumed in the
analysis (i.e., solid cylindrical wedge, see sketch pg. 2-17)
is not consistent with the actual geometry of the package (see
Detail C, DRWG. 119-0500-E01). Therefore, it appears that the

'

equations used to evaluate top corner impact (pgs. 2-16 and 2-17)i

are not valid for this purpose.

Answer No. 3-a

O Tae overa c*s ia the w desis# nreve#t #1 co t ct of the c sk with
the impact surface. Thus no pemanent deformation of the corner of

) the cask occurs. As a consequence of the protection afforded by the
overpacks, the protruding rim which projected above the cover hasi

been eliminated in the new design.

| Question No. 3-b

|.
b. Show that the closure design is adequate to resist the shear forces

that act in the plane of the cover. The analysis (pg. A-9)
| apparently assumes that a portion of shear force would be reacted
i solely by the rim that extends above the cover. However, this

does not consider that the rim, under impact forces, would deform
,
' inward and bear against the cover. Also, the cover is made of

laminated plates. The revised analysis should show that the
connections between the plates are adequate to transfer shear
forces from one plate to another.

!

i
;
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Answer No. 3-b

In the new design radial shear forces are reacted by a combination
of bearing between the cover and the inner cask wall and by the cover
bolts. The clearances around the bolts and between the cover and
the inner cask wall have been designed such that radial forces which
tend to drive the cask wall and the cover together are reacted by
bearing between the two parts and radial forces which tend to
radially separate the cask wall from the cover are borne by the cover
bol ts. While the cask has been designed to perfom in this manner,
in the actual analysis, shear forces were transmitted by coupling of
the cover node to the cask body node at the bolt circle. This allowed
bolt stresses to be computed based on the forces at these nodes and
the bolt stress area. These analyses are discussed in Section 2.7.1.3
of the revised SAR. The new cask cover design uses two 3 -inch thick
plates. The analysis treats these as two separate plates, with shear
forces being transmitted only at the welds at the peripheries of the
primary and secondary lids. At other locations, only forces normal
to the plates are transmitted between the plates. This was accomplished
by coupling nodes between the plates in the nomal direction only.

Question No. 3-c '

The revised analysis should show that an adequate seal would bec.
maintained following the test, considering the deformation and
distortion that would occur in the area of the cover and the flange.

Answer No. 3-c,

The overpacks in t;.e new design protect the cask and prevent pemanent
defomation in the areas of the seals. Thus, sealing capability after
the drop is not altered from pre-drop conditions. Section 2.7.1.3
of the revised SAR discusses pertinent results of the stress analysis.

| Question No. 3-d

| d. Show that the cylindrical cask walls, and the connection between the
t

walls and the flange, are adequate to resist the load imposed by top
corner impact. This should include the lateral pressure (if any)
from the lead.

Answer No. 3-d

The overpacks used in the new design reduce the loads imposed by
the top corner impact. The stress analysis for this condition,

, discussed in Section 2.7.1.3 of the revised SAR, shows that stress
| intensities remain below allowables throughout the cask, with a
1 minimum safety factor of 1.44. This stress analysis included the
i effects of the lateral pressure of the lead, as discussed in the
| response to Question No.1, above.
|

i O
|

|
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Question No. 3-e

e. Revise the calculated closure bolt stress (pg. A-8) to consider the
additional stresses due to pre-load and horizontal shear (if any).
Note that the content weight considered in the analysis (pg. 2-25)
should apparently be greater than 10,000 pounds to be consistent with
the weights specified on page 2-2.

Answer No. 3-e

The results of the new bolt stress analysis are shown in Section
2.7.1.3 of the revised SAR. The maximum payload weight of 14050
pounds was used in this analysis. Because the applied load greatly
exceeds the bolt preload, the preload has negligible effect on
maximum bolt stresses. (Refer to Bickford, John H., An Introduction
to the Design and Behavior of Bolted Joints, Marcel Dekker, Inc.,
1981. See, especially, Chapter 11, Section I. A less comprehensive
description of bolted joint behavior is given by Shigley, Joseph E.,
Mechanical Engineering Design, Third Edition, McGraw-Hill,1977,
Section 6.5, pp 240-244).

Question No. 3-f

f. Justify that it is appropriate to consider the outer edge of the
cover plate to be fixed, as was done in the analysis on page A-13.
Provide a free-body sketch of the cover and flange wnich explicitly
shows how the necessary moment reaction is developed to provide

O fixity. Also, the analysis should be revised to consider that the
cover is made of laminated plates rather than being a solid 4-inch
thick plate (pg. A-14).

Answer No. 3-f

Analysis of the cover is included in the drop stress analysis dis-
cussed in Section 2.7.1.3 of the revised SAR. Edge fixity is not
assumed in the new analysis. Rather, rotation of the edge is
governed by the stiffness of the cask wall, to which the lid is
bolted. The analysis considers the cover as laminated plates,
allowing only the transmittal of normal forces between laminations,
except at the peripheral welds joining the laminated plates, where
shear forces, also, are transmitted.

Question No. 4

The analysis of the 30-foot bottom corner drop (Section 2.7.1.3) should be
revised to provide the following information:

a. Show that the drain line (see Detail D. DRWG. 119-0500-E01)would
i remain sealed following a 30-foot bottom corner drop test. Note
! that this line is located in the region that would apparently be
|

crushed according to the analysis on pg. 2-18.

O
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Answer No. 4-a |

The overpacks in the new design cover the drain line and prevent
crushing impact, or indeed, any permanent deformation whatsoever
in the area of the drain line. Thus, the sealing capability of the
drain plug will remain unchanged following the drop.

Question No. 4-b

b. Provide additional narrative and sketches which clearly show the
derivation of equations (10) and (11) on pg. 2-17. Also, show
the equation used on that page to tabulate the values of co-
efficient "C".

Answer No. 4-b

Because crushing of the corner of the cask is prevented by the over-
packs used in the new design, these equations are not used in the
new analysis. A discussion of the corner drop analysis can be found
in Section 2.7.1.3 of the revised SAR.

Question No. 4-c

c. Justify that a value of 60,000 in -lb/in3 is appropriate for the
energy absorbing constant used on pg. 2-18. This should consider
the specific types of steel used to construct the cask.

O ^#s er "o 4-c

Dynamic flow pressure is not used in the new corner drop analysis
in the revised SAR. See Section 2.7.1.3.

Question No. 4-d

d. Clarify the value of kinetic energy that the cask is considered to
have under 30-foot drop conditions. Note that the 60,000 pound values
used on pgs. 2-18 and 2-19 do not agree with 74,000 pound weight listed
on pg. 2-2.

Answer No. 4-d

| The corner drop analysis in the revised SAR uses a value of kinetic
energy based on the full 74,000 pound cask weight. See Section
2.7.1.3.

Question No. 4-e

e. The analysis of stresses in the plates and welds at the bottom end
| of the cask (pg. A-17) should be revised to include the additional .

stresses that would result from the axial component of the inertial
force of the contents and bottom closure.

O
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Answer No. 4-e
OV The inertial force at the contents and bottom closure are included

in the new corner drop analysis discussed in Section 2.7.1.3 of the
revised SAR.

Question No. 5

Show that the cask closure and bottom end plates are adequately designed to
resist the shear forces that would act in the plane of cover under 30-foot
side drop conditions. Also, show that the drain line would remain sealed
following a 30-foot side drop test.

Answer No. 5

Stresses in the top and bottom closures 'are included in the results of the
side drop analysis in the revised SAR; see Section 2.7.1.2. The overpacks
in the new design serve to protect the drain line from suffering any pennanent
defonnation from the side drop impact. Thus, sealing capacity of the drain
seal is unchanged following the side drop.

Question No. 6

The revised analysis should evaluate the effects of the 4% *nch puncture test
considering the cask to be oriented so that the pin would lapinge upon the end
of the cask. The analysis should consider both the top and bottom ends. The

p analysis should include the effects in the local vicinity of the pin and the
V overall effect upon the end plates. The analysis of top end impact should

include an evaluation of the pin striking the plugs located in the lid. Note
that the puncture analysis (pg. 2-21) should apparently be revised to consider
a weight of 74,000 pounds rather than 60,000 pounds.

Answer No. 6

A puncture analysis for end impact is included in the revised SAR in Section
2.7. 2. The plugs in the lid have been eliminated from the new design. The
new analysis uses the full 74,000 pound cask weight.

Question No. 7

Section 2.6.6 should be revised to explicitly demonstrate that the package
,

|
meets the requirements of 10 CFR Part 71 under 1-foot drop test conditions.

Answer No. 7

Stresses for the 1-foot drop conditions have been included in Section
2.6.6 of the revised SAR.

Question No. 8

The package drawings should be revised to provide the following infonnation:
1

] a. The torque to which the cover bolts are tightened.

.
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A_nster No. 8-an .

Cover bolt torque is now included in the package drawings, Appendix 1.3,
and in Section 4.0 of the revised SAR.

Question No. 8-b

b. The method or devices used to close and seal the drain plug.

Answer No. 8-b

Drain plug sealing devices and seals are shown on the package drawings
of the revised SAR, Appendix 1.3. These devices are discussed in
Section 4.0 of the revised SAR.

Question No. 8-c

c. The torque to which the cover plugs are tightened and the method or devices
which provide a seal at these plugs.

.,

Answer No. 8-c

The cover plugs have been eliminated from the new design.

Question No. 8-d

d. The clearance of the closure bolts and cover which are discussed on pageO 2-28.

Answer No. 8-d

Dimensions for the clearances around the cover bolts and for the lid-to-
cask body radial clearance are now included in the package drawings,
Appendix 1.3 of the revised SAR. The impact of these clearances on bolt
loads is discussed in response to question 3-b, above.

|

O
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1.0 GLhERAL IhF0lAATI0h

' J
1.1 Introduction .

,

,

This Safety Analysis Report describes a reusable shipping pack 69e designed

to protect radioactive material from both nomal conditions of transport and
hypothetical accident conditions. The package is designated as the Mocel Ch5 ,

8-1208 package.

1.2 Package Description

1.2.1 Packaging

The package consists cf a steel and lea 6 cylindrical shipping cask with a
pair of cin;ular foam-filleo overlaacks pieced peripherally arouno each end.
Each cverpack has en external shell, fabricated from auctilo lo carbon steel,
which allows it to undergo largo deformations without fracturing. Top anc

Thebotton overpacks are connected by eight (8) one-inch ratchet binders.q
b voltrae between the inner and outer shell of the overpack is filled with a

shock and themal insulating n.aterial consisting of rigid polyurethane foam.
The insulating material is poured into the cavity between the two shells and

It bonds to the shellt.allowed to expand until the void is completely filled.
which creates a unitized construction of the packaging. Properties of these

materials are further described in Section 2.3

The internal cask cavity dimensions are 62 inches in diameter ano 75
The cylindrical cask body is comprised of a 1-1/2 inch thickinches high.

external steel shell and a 3/4 inch internal steel shell. The annular space

f
between shells is filled with approximately 3-1/2 inch thick lead.

,

|

The base of the cask consists of two (2) 3-1/2 inch thick, flat circular

steel plates.

The package Configuration is shown in Figure 1.2-1.

O
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1.2.1 Packaging (continued)

.

The cask lid consists of two (2) 3-1/2 inch thick, flat cireular steel
,

pl ate s. The lid is fastened to the cask body with thirty-two (32) 2-8 UN
bolts.

A general arrangement drawing of the package is includeo in Appendix 1.3.
It shows the package dimensions as well as all materials of construction.

1.2.1.1 Containment Vessel The containment vessel is oefinea as the
inner steel shell of the cask bcdy together with closure features comprised of
the lower surf ace of the cask lid, und 32 equally spaced 2-8 UN closure bolts.

1.2.1.2 Neutron Absorbers There are no materials used as neutron
absorbers or moderatcrs in the package.,

1.2.1.3 Package Weight Gross weight for the package is epproxiraately
74000 pounds. This includes a maximum payload weight cf 14050 pounds.

~

1.2.1.4 Receptacles There are no receptacles on this package.

1.2.1.5 Vent, Drain, Test Ports and Pressure Relief Systems Pressure

test ports with manual venting features exist between the twin o-ring seals
for both the primary and secondary lids. This facilitates leak testing the
package in accordance with ANSI N14.5.

The drain and vent ports are provided with the same venting features for
venting pressures within the containment cavity prior to lia removal, which
mAy be generatea during transport. Each port is sealeo with a silicone
gasket. Specification infonnation for all seals and gaskets is containea in

,

Chapter 4.
I

1.2.1.6 Lif ting Devices Lif ting devices are a structural part of the
package. From the General Arrangement Drawing shown in Appendix 1.3, it can
be seen that two removable lif ting ears attached to the cylinarical cask body
are provided. Three lifting lugs are also provided for reraoval and handling
of the lid. Similarly, three lif ting lugs are provided for removal ano

1-3
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1.2.1.6 Lif ting Devices (continued)

handling of the secondary lid. Refer to Section 2.4.3 for a det} ailed analysts
of the structural integrity of the lifting devices.

1.2.1.7 Ti e-downs From the General Arrangement Drawing shown in

Appendix 1.3, it can be seen that the tie-down ams are an integral part of
the external cask shell. Consequently, tie-down arms are considered a
structural part of the package. Refer to Section 2.4.4 for a detailed
analysis of the structural inte5rity of the tie-down arms.

1.2.1.8 Heat Dissipation There are no special devices used for the

transfer or dissipation of heat.

1.2.1.9 Coolants There are no coolants involveo.
i

1.2.1.10 Protrusions There are no outer or inner protrusions except
for the tie-down arms described above. Lif ting lugs are removed prior to

transport.

1.2.1.11 Shielding Cask walls provide a shield thickness of 3-1/2
inches of lead and 2-1/4 inches of steel. Cask ends provide a minimum of 7
inches of steel. The contents will be limited such that the radiological
shielding provided (4.25 inches lead equivalent) will assure compliance with
DOT and I AEA regulatory requirements.

1. 2 .2 Operational Features

Refer to the General Arrangement Drawing of the packaging in Appendix

1.3. There are no complex operational requirements associated with the

package.

1.2.3 Contents of Packaging

p 1.2.3.1 Cask Contents The contents of the cask will consist of:
V

L
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) 1.2.3.1 Cask Contents (continued)
,

.

(1) Greater than Type A quantities of radioactive material in the forra of
solids or dewatered materials in secondary containers.

(2) Greater than Type A quantities of radioactive material in the form of
activated reactor components or segments of components of a nuclear
power plant.

(3) That quantity of any radioactive material which does not generate
spontaneously more than 100 themal watts of radioactive decay heat.

(4) The weight of the contents in the cask cavity will be limited to
14050 1b.

1.2.3.2 Waste Forms The type and fom of waste material will incluce:

(1) by-product material consisting of process solids or resins, either,
,

dewatered, solid, or solidified in secor dary containers. (See
' Section 4.2.1 for specific limitations.)

(2) heutron activated inetals or Iaetal oxides in solid form.
(3) Miscellaneous racioactive solid waste materials.

:

|

|

|

~
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1.3 Appendix

CNS 6-120b Shipping Cask Drawing

i

O
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2.0 SThuCTbRAL EVALLATION

.

This chapter identifies and describes the structural desigh af t.ne
CAS-6-1205 packaging, components, and safety sy ster..s for complia'nce with

perfonnance requirements of 10 CFk 71.

2.1 Structural Les1 n9

2.1.1 Discussion

The package has been cesigned to provide a shieldec containraent vessel

that can withstano the Normal Conditions of Transport as well as those
associated with the Hypothetical Accident Conditions.

The CNS-8-120B assembly is designed to protect the payload from the

following conditions: transport environment, 30 foot drop test, 40 inch
puncture test,1475'F thermal exposure, and transfer or dissipation of any

,,

internally generated heat. lhe oesign of tlie package satisfies these
,

requirements.'

. Principal structural elements of the systeu cor.sist of:
o Containnent Vessel

e biological Shield
e Impact Limiters

These components are toentified on the drawing as noteo in Appencix 1.3.
Their design ano function in meeting the requirements of 10 CFR 71 are
discussed below.

2.1.1.1 Containment Yessel The cask is compriseo of inner anc outer

ASTP-A516, Gr 70, steel shells which envelop a lead shield, a steel base, anc
lid. The inner shell serves as the package containment bouncary. A removable
primary lid is attached to the cask body with thirty-two (32) equally-spaced;

2-8 UN bolts. A secondary lid is attached to the primary lid with twelve (12)
i equally-spaced 2-8 UN bolts.

2-1
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p 2.1.1.1 Contsinment Vessel (continued)

Q) l

The lid-to-cask body and lid-to-lid interfaces each employ a pair of high
'

7

temperature, solid silicone o-rings. All transpurt environments as well as
accident conditions (i.e., 30 foot drop, 40 inch puncture test requirements,
etc.) are met with impact limiters installed as oiscussed in Section 2.1.1.3
below. All themal loading and dissipation requirements are met as discussed

in Section 3.0.

2.1.1.2 Shielding The area between the two shells ciscussed in
Section 2.1.1.1 is filled with lead. The lead fill is subjected to Gamma Scan
inspection to assure lead integrity. The designed thickness assures that no
biological hazard is presented by the package and all shielding requirements

of 10 CFR 71 are met.

2.1.1.3 Impct Limiters The impact limiters (overpacks) are oesigneo

to protect the package from defomation auring the 30 foot drop and to provide
thermal protection during the hypothetical fire accioent condition.

G
Their construction consists of full weldeo steel shells filled with

f oarned-in-place rigid structural polyurethane foam. The foam ceforms and

provices energy absorbtfon during impact.

2.1.1.4 Summary Detailed discussions of all components and materials

utilized in the CNS-8-120B Package including stress, thermal, and pressure
calculations are contained in the applicable sections of this SAR. A drawing
of the inoividual subassemblies and the CN5-8-120B package can be found in

Appendix 1.3.

2.1.2 Design Criteria

2.1.2.1 Normal and Accident Conditions of Transport Regulatory Guide

7.6, " Design Criteria for the Structural Analysis of Shipping Cask Containment
Vessels", was useo in conjuction with Regulatory Guide 7.8, " Load
Combinations for the Structural Analysis of Shipping Casks" to evaluate the

2-2



2.1.2.1 Nomal and Accident Conditions of Transport (continuea)

package according to the requirements of 10 CFR 71, Appendix A and Appendix

b. haterial properties used in the analysis can be founo in Tab"le 2.3-1.

(1) Containment Vessel

The containment vessel is defined to be the insice steel shell ano
its closures. Regulatory Guide 7.6 was usea for the evaluation of
the containment vessel for both the Normal Conuitions of Transport
and the liypothetical Accident Conditions. Material properties used

in the evaluation correspond to the design stress values, 5, anu
'S , given in the ASFE Code, Section III, Class 1,1980 Edition as

u
amended. To evaluate buckling, the value of yield stress, S , fory
the cylindrical shell is based on measured properties of the
material used in the construction of the cask.

(2) Cask and Overpack

Structural evaluation of non-containment vessel items (except the
external shell), such as the closures, were evaluateo against yielo
and ultimate material properties as presente6 in the ASFE Code,
Section III, Class 1. To evaluate buckling of the external shell,

|
the yield strength is based on measured properties of the material

' used in construction of the cask. For homal Concitions of
Transport, allowable stress intensities are S for membranem
stresses and 1.5 S for membrane plus bencing stresses. The

m
overpack is allowed to exceed yield stress for nomal conditions;
hence, ultimate stress is used as the acceptance criterion. In

evaluating Accident Conditions, 0.75 S is used to evaluateu

bending stress intensities ana S is used to evaluate bending plus
u

membrane stress intensities.

Ow

2-3
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2.1.2.1 Normal and Accident Conditions of Transport (continued)

(3) Brittle Fracture ,

.

The cask is f abricated of ASTM A516, Grade 70, carbon steel. The
brittle-fracture-critical carbon steel components of the package are
evaluated in Pardgraph. 2.6.2 per criteria set forth in Abf1G/CR-1815
(UCRL-53013), Recommendations for Protecting Against Failure by
Brittle Fracture in Ferritic Steel Shipping Containers up to Four
Inches Thick, W.R. Holman ana R.T. Langland, June 15, 1981. In the

absence of definitive resulatory criteria governing use of this
document, Category II criteria per this report have been employed to
achieve a conservative level of saf ety. The rationale for this
selection presumes that the higher level of safety embodied in
Category I criteria is reserved for fissile ana hish-level waste
package s.

(4) Buckling

Buckling per Regulatory Guide 7.6 is an unacceptable f ailure mode for
the containment vessel. The intent of this guideline is to make
large defonnations unacceptable because they would coraproiise the
validity of linear analysis assumptions and quasi-linear stress
allowables as given in Paragraph C.6 of NkC Regulatory Guide 7.6.

The remainder of this paragraph defines techniques ano criteria used

in subsequent segments of this Safety Analysis Report to oemonstrate
that containment vessel buckling does not occur.

e Luler Column Buckling

From Reference 1, eq. 2-45, p.164, the critical axial buckling
load for a self-weight load combined with an added axial force is

mEI
P

cr * '2
O

2-4
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2.1.2.1 Normal and Accident Conditions of Transport (continued) |

(
where m = tabulated function of n ." J

.

n 4I4

,2 EI

q = distributed axial load intensity = 2iRwat
1 = half-length of cylinder

6E = Young's modulus = 27.8 x 10 p39
3I=3 Rt

R = cylinoer radius
t = cylinder thickness

3w = keight censity = 0.283 IL/in
a = acceleration in 9's

This mode *of buckling applies to the outer shell of the cask,
~

compcse'd of a 1 1/2-inch thick plate.

Then 1 = 39.25 i n.
(

R = 36 in.
t = 1. 5 i n .
I = 219861 in.4
q = 96.02a lb/in

And n = 3.85 x 16-7 a

For a = 135

nEO

Therefore

m={
9

P = 9.8 x 10 lb.cr
e Axial Stress Limits

.

Accor61ng to keference 2, p. 230, a thin-wall cylinoer is'

)
considered " moderately long" if

>

(\./
cZ > ' "c0

2 3

2-5
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2.1.2.1 homal and Accident Conditions of Transport (continued)
t

.

where c = correction factor dependent on R/t

'i = 1-n8g

K = 1 for simply supported eoges (conservative)
co
L = length of cylinder
R = mean radius of cylinder

t = wall thickness
m = Poisson's ratio

The following two sets of shell properties correspono to the int.er
and outer shells of the cask:

Inner Shel: Outer Shell

tg = 0.75 i n. t = 1.5 in.o

R = 31.375 in. R = 36.0 in.
$ g

L = 76. 0 i n. L = 79.5 i n,

i m = 0.3 m = 0.3

For both shell s,

2- 0 = 2.849

2f
' Then

R /tj = 41.83j
R /t = 24.0g g

Z = 234j
I = 112g

From Reference 2, Fig.10-9, p. 230,

c$ = 0.70
C *

o

.
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2.1.2.1 Normal and Accident Conditions of Transport (continued)
<

.

For both shells,
-

2
3 kco

c2 >'

,

2 V
therefore both will be treated as raoderetely long cylinders.

From Baker, et. al. , p. 229,

I .2ke ,2 E t

El0" 12(1-mt)

khere

= elastic buckling stressog

E = Youns's modulus
6= 27.8 x 10 p34

kc = cZ
21

- Then

*ei = 281353 psi
"eo = 386787 psi

e Hoop Stress Limits

From Reference 2, p. 236,

I )2Ko ,2 E t
c Ee - 12(1-m4)

where K = f unctiori of 1 (Ref. 2, Fig.10-15, p. 237)
p

Then

k g = 13p
K =9pg

= 31810 psi: ogj

eo = 80503 psi

2-7
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Normal and Accioent Conditions of Transport f. continued)1.1.2.1

.O
e Critical Buckling Stress .

*

.

.

cr, for each of the above cases, can be found by solving thea

following equation (from Ref. 2, p. 265):

*cr ~ n'e" 0

where n= plasticity coefficient

The plasticity coefficient, n, is defined by the followins
~ equations for the various loading conoitions:

For axial stress, from Baker, et. al, p 266.

(Es Et)y,

For external ressure stress; frohi kef. 2, p. 236

E } /2
1 1+3 EE E

IT TEhIt
E*t g""

3

where:

E = tangent modulus = do/dc
t

E = secant modulus = o/c
s
E = Young's modulus

a = stress
c = strai n

For stresses below the proportional limit, conservatively assun.ea

to be 0.70,,

E=Et=E 3

and n=1O
2-8
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2.1.2.1 hormal and Accident Conditions of Transport (continued)
-

'

For stresses above the proportional limit, stress is assumed to be a

parabolic function of strain that is tangent to the elastic lint at
the proportional limit and has zero slope at the yield stress.

For o = 43.0 ksiy 6
and E = 27.8 x 10 psi

then, for 0.7o <o<oy y
a = Ac,+ Lc + C

1
A = - 1.4978 x 10 'where

7
B= 6.0233 x 10

4
C = - 1.7558 x 10

Using this expression for stress, the critical buckling stress
equation is solved:

chr+2ABchr+[2AC+B-2A(og)23chr2 2b,

A2
E

+L2BC-3Ab( 1)23 Ebr + LC - ( 1) (2AC + B )]ccr - bC( 1)2 , 9
E E E

Axial:

cri = 1.9829 x 10-3c

nj = 0.15278
cri = 42986 psi

= 1.9959 x 10-3ccro
= 0.11116ng
= 42994 psiocro

O
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2.1.2.1 Normal and Accident Conditions of Transport (continuea)

Q
Hoop:

cri = 1.1209 x 10-3 |c

"cri = .97886
cri = 31138 psio

= 1.7241 x 10-3ccro
= 0.51882n ero
= 41767 psicro

The buckling stress limits are summarized in the follct.ing table:

Inner Guter
Shell Shell

Axial Membrane Stress Limit 42986 psi 42994 psi

Hoop hembrane Stress Limit 31136 psi 41767 psi ,

Evaluation of buckling of the c.ylindrical shells, for combined
loadin9, is done using the technique described in Ref. 2, p. 276.

'

Accordi ngly,

'cr - 0 i=0

where a = combined load critical buckling stress intensity
cr
n = plasticity correction factor

*
i

og = elastic buckling stress intensity

2 + of a
= a h

|
g

o, = elastic axial bucklins stress limit'

oh = elastic hoop buckling stress limit

2-10
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[ hermal and Accident Conditions of Transport (continued)2.1.2.1

Values for the inner and outer shells are as followh:
:

Inner Outer

281353 3867G7"a, psi
31810 80503oh, psi
266874 353479og, psi
0.1606 0.12163

n

cr (combined load)
42983 42993

In evaluating stress conoitions for buckling of the shells, the
indivioual stress cumponents will be compared to the buckling
stress allowables in the hoop and axial directions. The stress
intensities will be corapared to the values of cr, above, for
combined loading.

2.1.2.2 Tie-downs and Lif ting Devices

(1) Ti e-downs

10 CFh 71, 71.31(d) paragraph (1) requires that the tie-downs be

f designed such that no stresses exist in any material of the package
in excess of its material yield strength for the specified loading
condition. Maximum package stresses and factors of safety are

computed in Chapter 2.4.4.

(2) Cask and Lid Lifting Devices

10 CFk 71, 71.31(c) paragraph (1) requires that the cask lif ting
devices be capable of supporting three times the weight of the
loaded package. Para 9raph (2) requires lid lif ting devices be
capable of supporting three times the weight of the lid with any
attachments. Both paragraphs require that no stresses be generateo

in any material in excess of its material yield strength.l

2-11
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2.1.1.2 Tie-downs and Lif ting Devices (continued) '

.

Maximum stresses and safety factors are computed in Chapter 2.4.3.
Allowable stresses and f actors of saf t.ty are computec 'as oescribeu

in Section 2.1.2.2(4) .

(3) Failure of the Tie-Down ana Litting Devices

Any tie-down, cask lif ting or lid lifting device must be designeo
such that f ailure of the device under excessive lo cs will not
impair the ability of the package to meet the other requirements
specified in 10 CFR 71.31 paragraphs (c)(4) ano (d)(3).

Chapters 2.4.3 and 2.4.4 demonstrate that at the excessive load for
which a device fails, each component of the package which is

required for meeting the shielding and containment requirements
before and af ter the numal and accident events, has haa no stress

generateo in excess of its material yield strength. This leads one
( ,) to conclude that if the remaining coraponents have not yielded, they
v remain intact and unaefomed and may be considered for meeting the

shielding and containment requirements for nonnal anu accident

conditions.

Failure is predicted for an equivalent state of stress which
produces a maximum shear stress of

ofailure = h = 0.58 Fu
,

where F = haterial's ultimate tensile strength.
u

(1)

O.

1
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2.1.2.2 Tie-downs and Lif ting Devices (continued)p
hg

(4) Allowable Stresses - Tie-Downs and Lifting Devictes .

,

Maximum shear stresses (one-half the stress intensity) are ccuputed'

for the required loaoing condition and compared to the allowable
shear yield stresses. Allowable shear yielo stresses are determinec
as follows:

o Ba se-he tal

The allowable sheer yield stresses for all base metals are
determined from " Maximum Shear Failure Theory" (ref. 2, p.212,

Table 9.1, case 3) which says that, "two states of stress are
equivalent if their maximum shear stresses are equal." Thi s i s
represented by

[F 2. pi
op2o

o hear yield * 2s

where F is the yield stress as cetermined for a specirien loaded
y

in axial tension only. Allowable yield stress for all base metals
may be found in TaLle 2.3-1.

The theory is conservative for ductile materials because the shear
yield stress as determined frou a tension test (pure shear) is
greater than one half the tensile yield stress as aetermined for a
specin.en loaded in axial tension only (reference 5, p.416.)

The factors of safety are determined as:

F.S. = [ shear allowable (membrane + bending) 3
Oshear max.

Factors of Safety greater than 1.0 are acceptable.

O
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2.1.2.2 Tie-downs and Lifting Devices (continued)
4

-

o Weld hetal .

:

All welds are sized such that the effective welo throat, for both
full and partial penetration welds, maintains a stress area greater
than or equal to the ef fective base metal stress area.

Aks D1.1 Table 8.4.1 defines the allowable shear stress weld stress,

regardless of direction of loading, as:

' weld 10.3 Fu

where F = minimum ultimate tensile strength (ksi).

For 70 series welding wire, this gives an allowable stress of:

O " weld = 0.3(70) = 21.0 ksi
IQ

In satisfying the allowable stress criterion for the base metal,
weld stresses are inherently satisfied. This is because the
effective stress areas for the welds are greater than or equal to

those for the base metals and the minimum allowable shear stress for
all base metals is less than the allowable weld stresses. Thi s i s
illustrated as follows:

For any load P:

P F
obase metal = A ase metalb

where F = 38 ksi for A516-70 steely

Therefore:

P

A ase metal I *a eld 1 *

w b

O
bela > A ase metalbecause b

2-14
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2.1.2.2 Tie-downs and Lifting Devices (continueo)

In addition, all welds are inspected by non-destructive testing methods
to verify sound deposition of weld material and verificatio're of welo'

integri ty.

2.2 heights and Cente.r of Gravity

The center of gravity of the package is located at the geometric center

of the package. ,

height breakdown is as f ollows:
Cask Body 44830

Lids (primary and secondary) 7320

Overpacks 7500

Overpack binders (8) 300

k t Package 59950 lbs.

Payload 14050

O' TOTAL GROSS PACKAGE EIGHT: 74000 lbs.

2.3 Mechanical Properties of Materials

The package is f abricated from carbon steel, lead, and structural foam.
Drawing C-110-E-0007, Appendix 1.3, defines the specific material used f or
each item of the package. Table 2.3-1 presents material properties used
throughout the analyses anc references the sources of these dsta.

O
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Strength (ksi)
Grade Young's Coefficient of

Temp Modulus Thermal Expansion
Material or oF Yield Ult. Allow. 6 -6

Type (1) (2) (3) (10 psi)(4) (10 in/in/ F)(5)

;STM A516 Plate 70 70 38 (6) 70 23.3 27.9

(Inner and outer shells 100 38 (6) 23.3 6.50

lids, base plates and 200 34.6(6) 23.1 27.7 6.67

overpack plates) 300 33.7 22.5 27.4 6.87

400 32.6 21.7 27.0 7.07

500 30.7 70 20.5 26.4 7.25

\STM A414 Sheet C 100 13.7 6.50
6.67

(overpack shell) 200
300 30 55 (7) 29.9 6.87
400 (7) (7) 7.07

500 13.7 7.25

( ' ASTM A514 . 70 100 110 - 29.9 6.41 (10)

ru ," Or
, ' . ASTM A517
'y (Tie-down arms, lifting - 70 100 115 - 29.9 6.41.(10)

; ears and lugs)
2.0 16.3

\STM B29 Lead C 70 5 - -

Ilynamic (8)
Compression

Minimum
(8)

29.9 6.5 ".
ASTM A354 2-8UN BD 70 130 150 -

(Lid closure bolts) (9) (9)

29.9 6.5
ASTM A354 ll-7UNC BD 70 130 150 -

(Lifting ear bolts) (9) (9)

\STM A307 A 70 - 60 - 29.9 6.5

(Drain plug bolt) (9)
(Vent / test plug bolt)

_ .



.
_ _ _ _ . -

keferences for Table 2.3-1:

(1) ASFE Code, Section III, Appenaices, Table I-2.1
-

-

(2) ASFE Code, Section III, Appendices, Table I-3.1
(3) ASE Coce, Section III, Appendices, Table I-1.1
(4) AstE Code, Section III, Appendices, Table I-6.0
(5) ASFE Code, Section III, Appendices, Table I-5.0, Coefficient b
(6) For inner and outer cask cylindrical shells, minimura measured yielo

stress is used:
T, *F Yield Stress (ksi)
70 45.0

100 45.0

300 41.0

|
(7) ASE Code, Section III, Appendices, Table I-7.1
(8) Cask Designer's Guice, ORkt-NSIC-68

(9) ASTM Specification
(10) ASE Code, Section III, Appendices, Table I-5.0, Coefficient A.

O

.

O
-

,
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hechanical Properites of F,aterials (continued)2.3m

i

The material used in construction of the inner ano outer skins of the cask
,

shell is tested for a minimum yielo strength of 45 ksi at nomai f.emperature
To detemine the corresponding yield stress at other temperatures,(70*F).

this measured value is multiplied by a stress ratio based on values given in
I

the ASFE Code, Section III, Class 1. This stress ratio is the ratio between '
the ASFE tabulated values of yield stress at the temperature of interest and
the yield stress at normal temperature, for ASTH A516, Gr.70, steel.

,

The enet3y absorbing overpacks are constructed of rigid, self-

extinguishing, polyurethane foam, foamed-in-place. Figure 2.3-1 represents
the stress-strain curve for the foam useo for this package.

Foam sa;nples will be taker, ouring the actual f oaraing process ano testeo in
accordance with CNSI specification 1-436-112 which includes the ASTN

specification for testing.

'O 2.4 General Standards for All Packages

This section cemonstrates that the general standards ano loaoing

conditions for all packages are met.

2.4.1 Chemical and Galvanic Reactions

The materials from which the packaging is fabricated (steel, lead, ano

polyurethane foam) along with the contents of the package will not cause
significant chemical, galvanic, or other reaction in air, nitrogen, or water
atmo sphere s.

2.4.2 Positive Closure

The positive closure system has been previously aescribed in Section 1.2.1.

O
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2.4.3 Lif ting Devicesq
'l

The cask is provided with two removable lif ting ears, attachec to the sf oe
of the cask, by which the cask and load can be lif ted. The prfwi5ry and '

secondary lids are f urnished with three lif ting lugs by which the lids may be

removed from the cask.

The load requirements for lif ting devices are defined in 10 CFh 71,

Subpart C, Para 71.31 as, ". . . capable of supporting three times the weight
. . . without generating stresses in any material of the packaging in excess

of its yield strength."

2.4.3.1 Cask Lif ting Ears

(1) Cask Lif ting Ear Stress Summary

The results of the cask lif ting ear stress analyses are suraarized

as follows:

hax. Shear Stress
hemb.+ Bending (psi) Factor of Safety'

Location

34322 1.89
Bolt
Mounting plate (welo) 1864 10 .1 9

Lifting ear plate (weld) 8327 2.28

46758 1.07
Tearout

| 362 52.52
Threads (cask)

As determined in Section 2.4.3.1 (3), the vertical load for

computing the above safety factors is:

P = 99750 lbs.

The detailed stress analyses for each component listed above may be

found in subsequent paragraphs.

1
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f)) 2.4.3.1 Cask Lif ting Ears (continued)
%

(2) Failure of the task Lif ting Ears Under Excessive Loads."
.

Since failure will first occur in the resion of the smallest factor
of safety, the cask lif ting ear will fail by eye tearout at a load
which produces a maximum shear stress of:

Fu= 66395 psi (see Section 2.1.2.2)
ofailure"43

where F = 115000 psi so as to give a conservative value of the
u

maximum shear stress for either ASTN A517 or A514 steel.

The f ailure load can then be computeo as:

Pfailure " -P(ofailure) 99750t66395) = 141642 lbs.
cactual 46758

where = stress in the component with the minimuu factor
actual,

of safety.

Should the failure load inadvertently cevelop, the corresponcing
stresses in other parts of the ear would be:

Location ' shear (psi) Allowable stress (psi)
|

Bol t 46736 52500

liountins plate (weld) 2647 19000

Lifting ear plate (weld) 11824 19000

Threaos (cask) 514 19000
,

!

Since the load which causes failure of the lifting ear does not
senerate stresses in excess of any other niaterii.l's yield strength,
it can be concluceo that the remaining components remain intact and

undef orraed, and may be so considereo f or meeting the normal anap
b accident shielding and containment requirements.
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2.4.3.1 Cask Lif ting Ears (continued)
,

(3) Bolt Stresses
.

i
The cask lif ting ears can be used only with the overpacks removed.

Therefore, the total lif ted weight is:

W = 74000 - 7500 = 66500 lbs.

For three times the weight of the cask, the vertical ear load is:

3(66500)
pv , _3) ,

2 ears 2 ears

= 99750 lb/ ear
i

The equations of equilibriura for the lif ting ear shown in Figure
2.4.3-1, are:

(O) Sumation of Forces:
,

horizontal: F+P -R =0
H T

Vertical: P -y=0
y

Summation of Moments about point 0:

i

25F + 2.688 PH-5P + 2V = 0y

Given:
|

P = 99750 lb.y

PH = tan 60. = 57591 lb.

Then: Y = 99750 lb.
F = (1/25)(5P -2.6bb Pg - 2V)y

= 5778 l b.

RT = 63369 1L.
,
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P = Lifting force on ear
-

F = Tensile force on bolts
V = Shear force on bolts
R = Reaction force against top of cask with lid in place.

T

Finure 2.4.3-1 LIFTING EAR FREEB0DY DIAGRAM

O
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2.4.3.1 Cask Lif ting Ears (continued)

Each lif ting ear is attached to the cask, as shown in Figure 2.4.3-2,
using four 1-1/4 - 7 UE-2A, 2-3/4 inch long AST>l A354 Grade BD hex

2
head bolts. The stress area for each bolt is 0.969 in .

The shear forte, V, will be carriea by four bolts, so the nominal

shear stress in the bolts is:

99750'
.

osnom " 4TE9Es)= 2573b psi

The maxiraum shear stress in the bolts will be four-thircs the nominal
I shear stress, so

s=h(25735)=34314 psio

The tensile force, F, will be carried by the four bolts. The
resulting tensile stress will be

F
,

at * 4(0.969)
= 1491 psi

The maximumm principal stresses in the bolt are found by:

f +, N (f) + oop =

Thus
.

o y = 35067 psip

o p = -33576 psip

The maximum shear stress is given by:

O
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2.4.3.1 Cask Lif ting Ears (continued)

_ opi op2
(osmax - 2

= 34322 psi

The factor of safety for the bolts is:

7,3, , callow , (0.5)(cyield)
eactual oactual

,(0.5)(130000)
34322

= 1.89

(4) Lif tins Ear bountin9 Plate Welo Stresses

The stresses in the welos attaching the lif ting ear mounting plate to
the cask outer shell are found by applying the bolt shear ano tensile
forces to the weld around the perimeter of the plate. The shear
stress in the weld due to the shear forca is given by

osv " A

where A, = effective weld area
= 2(b+L)( t)(1.0)

b = plate width = 7.5 in.
(

L = plate length = 12 in.I

t = weld leg dimension = 1.375 in.

V = shear fome = 99750 lb.
= 1860 psi

sv

The shear stress in the welo oue to the tensile force is given by:
|

|
F

ot* A?s

where Aw = weld area as oefined obove
F = tensile force = 5776 lb.

2-26

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



. _ . _.

2.4.3.1 Cask Lifting Ears (continued)

lO *

"s t = 106 psi .
,

The maximum shear stress is given by:

2 2
+ I* 'sv stsmax g

= 1864 psi

This corresponds to a factor of safet) for the welds of:

c llow 19000aF.S. Mc ctuala

F.S. = 10.19

(5) Outstanding Lifting Ear Plate Weld Stresses

The out tanding lifting ear plate is attached to the lower flush

,bO plate with a vertical couble vee weld, as shown in Figure 2.4.3-2.
y

The shear stress in the weld oue to the shear force is given by:

Y
osv = 4--

A, = effective weld area = 2tlwhere

|
t = weld leg dinension = 0.5 in
L = plate length = 12.0 in
V = shear force = 99750 lb.

= 8313 psi.o
3y

The shear stress in the weld due to the tensile force is founo fron,

F
ost * Ag

where A, = effective weld area as defined above
F = tensile force = 5778 lb.

2-27
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2.4.3.1 Cask Lif ting Ears (continued)

st = 461.5 psi . .e

The maximum shear stress is given by:

+
'sraax * y st

3

= 8327 psi

This corresponds to a factor of safety for the welds of:

allow ,19060F.S. =
%ctual 8327

F.S . = 2.28

(6) Cask Lifting Ear Eye Tearout Stresses

The critical tearout area for the cask lifing ear is detemined frora'

Figure 2.4.3-2 as:

A = [2(t)(d))tearout

where t = section thickness = 1.0 i n.
d = tearout Listance = 1.6 in.

I
Ategrout = 3.20 in

As previously detemined, the vertical force applieo to the cask
lifting ear is 99750 lbs. This results in a nominal tedrout stress
of:

.,

P 99750 = 31172 psi
Dshear Atearout " 3.20*

The maximum tearout stress is 1.5 times the nominal, or

= 1.5(31172) = 46758 psi
tearout

2-28
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O 2.4.3.1 Cask Lif ting Ears (continued)
G

The maximum shear stress theory predicts an allowable stress of:
.

= 0.5 S =(0.5)(100000) =50000 psi
allowable y

This corresponds to a factor of safety of:
callowable , 50000 psi = 1.07p,3, ,

e ctual 46758 psia

(7) Threads - Cask betal

Because the cask material is weaker thah the bolt material, f ailure
will occur at the root of the task material threads. From ref. 6,
pp. 272-273, the equations for shear area and the length of threaa
engageraent required to develop full strength of the threads are:

,

ATS = (5)(h)(Le)(Dmin)L 1/2n + 0.57735 (Dmin - Ennax)3

L *

(5nt)(3)(n)(Dmin)L(1/2 ) 57735(Dmin - Enraax)Je

where:

Dmin = hin. 0.D. of bolt, in.
= 1.25 i n.

Enraax = Max. P.D. of cask threads, in.
= 1.157 in.

Sst = Tensile strength of bolt material, psi
= 150000 psii

n = Threads per inch
= 7.0 threads /i n

As = Stress area of bolt threads, in2
= 0.969 i n2

.

Snt = Tensile strength of cask material, psi
! = 70000 psi
! ATS = Shear area at root of cask threads, in.2

Le = Length of thread engagement requireo to oevelop full
strength, i n.

(160000)(2)(0.969)Le , (/0000)(/ )(1.zb)L1/14 + 0.5//3b(1.ib - 1.15/ )J

Q Le = 1.21 in. deep
LJ

2-29
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2.4.3.1 Cask Lif ting Ears (continued)

iO TS = (3)(n)(Le)(Dmin)L1/2n + 0.57735(Dmin - Enmax13A

ATS = 4.16 in2 i

From Section 2.4.3.1(3), the bolt tension was determined as 1505 psi

resulting in a shear stress at the threads of:

Fb01t 1505
*othread shear = As 4.16t

= 362 psi

The allowable shear stress is (0.5)(S ), where the yielo stress fory
tne cask body material is 38000 psi.

= (0.5)(38000) = 19000 psi
c llowablea

The associated factor of safety is:

[v,))

c llowable 19000 = 52.52
l F.S. a = Y=

aactual'

t

2.4.3.2 Primary and Secondary Lid Lif ting Lugs The primary and

!
secondary lifting lugs have the same cesign and are illustrated in Figures

2.4.3-3 and 2.4.3-4. They are sized such that the combined weight of the

primary and secondar.y lids may be lifted frora either the seconoary lif t lugs
or the primary lif t lugs.

10 CFh 71, subpart 71.31, paragraph C2, states that f or a " system of

lif ting devices which is a structural part only of the lio, the system shall|

be capable of supporting three times the weight of the liu ano any attachr.ients
without generating stress in any material of the lid in excess of its yield
strength."

' (~')v
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2.4.3.2 Primary and Secondary Lia Lif ting Lugs (continued)

(1) Primary and Secondary Lid Lifting Lug Stress Sunnary. ,

The results of the lif ting lug stress analyses are sumraarizec as

follows:

hax. Shear Stress
Location hemb.+ Bending (psi) Factor of Safety

Base 7643 2.49

Tearout 45670 1.10

Lif ting hole midplane 11610 4.23

As detennined in Section 2.4.3.2 (3), the load for computing the above

safety factors is:

P = 10352 lbs.

Tne detailed stress analyses for each component listed above may be

found in subsequent paragraphs.

(2) Failure of the Lic Lifting Luss Under Excessive Loacs

Since failure will first occur in the region of the smallest factor
of safety, the 110 lif ting lugs will f ail by eye tearout at a load
which produces a raaximum shear stress of:

b = 66395 psi (see Section 2.1.2.2)ofailure = W
where F = 115000 psi.

u

The failure load can then be computed as:

'= = 16060 lbs.Pf ailure " 456/0
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i.4.3.2 Primary and Secondary Lid Lif ting Lugs (continued)

Where P = three times the actual load per lug |
actual = the stress of the component with the lowest factor of
safety.

Should the f ailure load inadvertently develop, the corresponoing
stresses in other parts of the lub would be:

Location ' shear (psi) Allowable yielo stress (psi)

Base 15714 19000

Pinhole midplane 24281 50000

Since the load which causes failure of the lifting lugs does not
generate stresses in excess of any other material's yield strength,
it can be concluded that remaining components of the lid remain
intact and undeformed and may be so considered f or meeting the normal
and accident shielding and containment requirements.

(3) Weight Analysis

Weights of the primary and secondary lids are as follows:

Primary lid 5180 l b.

(including bolts)
Seconcory lid 2140 1b

Total lid weight 7320 lbs

The effective weight to be lif ted be each lug, P from Figurey

2.4.3-4, is therefore deteminea as:

Py = = 7320 hs.u;

oD The total load per lug is determinea as:

= 10352 lbs.P cos4b' " 0=

2-34
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2.4.3.2 Primary ar.d Secondary Lid Lif ting Luss (continued)
(

.

This results in a shear forte of:
4 .

P = Pcos45* = 10352(6.707) = 7320 lbs.
H

(4) Base Stresses

The tensile stress at the bottom of the lifting lug as shown on
figure 2.4.3-4 is:

'

Py

Stens * Ap
2

where A = base area = (w)(t), in ,
b
w = lug width = 4 in.
t = lug thickness = 0.75 in
P = vertical reaction = 7320 lbs.y

' s
7320 = 2440 psiotens = a,

The bending stress, maximum at the bottoni outer eage of each lus, is:

b = hc/I

where h = t,ending moneent = 21560 in-lb
|
| c = distance to neutral axis = 2 in.

hh
l I = moment of inertia =

b = lug thickness = 0.75 in.
h = lug height = 4 in.

I

b = 10980 psi

At the outer edge of the lif t ear, the bending stress will adu to the
tensile stress to produce a total tensile stress of:

O
,
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2.4.3.2 Primary arid Secondary Lid Lifting Lugs (continueo)

*" total * ' bending teris .

= 10980 + 2440

= 13420 psi

The nominal shear stress at the bottom of the lift ear is:

P g

V"Ab
where Ph = shear force = 7320 lbs.

Ab= base area = 3 i n2
oy = 2440 psi

The maximurn shear stress is 1.5 tirnes the norainal, or

ashear = 1.5(2446 psi) = 3660 psi

The effects of the shear and total tensile stresses are combined to
fom the principal stresses for the lifting ears as follows:

O
op1.cp2 * z . z) + (oshear)2) W+((

Thu s ,

opi = 14353 psi
op2 = -933 psi

The maximum shear stress will be:

P1 - P2 = 7643 psiomax shear =
2

The maximum shear stress theory will be used to determine the|

i allowable shear stress. Therefore:

38,000) = 19,000 psi
' allowable = (0,5)(Syield = .

,

The factor of safety will be:

f p,3, ,oall owable , 19000' = 2.49
oactual 7643

|
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2.4.3.2 Primary and Secondary Lid Lifting Lugs (continuea)

.

(5) Lifting Lug Tearout Stress Analysis -

.

The critical section for lifting lug tearout was detemined to be as
shown in Figure 2.4.3-5. humerically, this area is:

Ashear = 2(L)(t)

where: L = length of tearout section = 0.23 in,
t = section thickness = 0.75 in.

2
A = 0.34 inshear

As previously detemined in Section 2.4.3.2(3), the total cable force
is 10352 lbs. This results in a shear stress due to tearout of:

shear " Ao
ear

The maximum shear stress is 1.5 times the nominal, or

= 1.5(36447) = 45676 psi.
smax

The maximum shear stress theory predicts an allowable shear stress of:

" allowable = 0.5 S = 6.5(100000) = 50000 psiy

This translates into a factor of safety of:

"Il " 56000 = 1.10F. S. = =

o hear 45670s

.
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2.4.3.2 Primary anc Seconaary Lid Lif ting Lugs (continued)

V
(6) Lif ting Lug Stress Analysis at Pin hole ,

.

The maximum tensile stress in the lif ting lug occurs in the section ,

of least cross-sectional area, as shown in Figure 2.4.3.-6.
Numerically, this area is found to be: ,

.

A = (W-D)(t)

where W = width of lif ting lug at hole centerline = 2.94 in.J

D = diameter of hole = 1.63 in.
t = plate thickness = 0.75 in.

2A = 0.98 in

((O) From Section 2.4.3.2(3), the shear anc tensile forces were aeterminea
,

as:

Ph=P = 7320 lbs.y

This translates into a nominal shear and tensile stress of:
I

= F/A = 7320/0.98 = 7469 psi
ns' t

The maximum shear stress is 1.5 times the nominal, or

!

f = 1.5 (7469) = 11204 psi
shear'

Combining the effects of the shear and tensile stresses to form the

principal stresses yields:
I

( 2 1/2
7 t l(at )2 + oshear 3
ot

| ople op2 * y'
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2.4.3.2 Primary and Secondary Lid Lifting Lugs (continued)q
b

Thus, .,

:
opi = 15545 psi
op2 = -8076 psi

The maximum shear stress is found to be:

pl 'p2
= 11610 psi' mux * 2

The maximuu shear stress theory predicts an allowable shear stress of:

= 0.5 S = 0.5(100000) = 50000 psi
allow y

This translates into a factor of safety of:

50000 = 4.23F.S. = allow ,

11610omax

O 2.4.4 Tie-down Devices
%J

The tie-down system for transporting the package is designed in
accordance with the loading conditions defined in 10 CFR 71, Paragraph 71.31

(c) (1). This loao condition is defined as follows:
. . . The system shall"

be capable of withstanding, without generating stress in any material of the
package in excess of its yield strength, a static, force applie6 to the center
of gravity of the package having a vertical component of two times the weight
of the package with its contents, a horizontal component along the direction
in which the vehicle travels of 10 times the weight of the package with its
contents and a horizontal component in the transverse airection of 5 times the

weight of the package with its contents."

In addition, the tie-downs are designed such that failure of the tie-down
device under excessive load will not impair the ability of the package to meet

the other requirements of 10 CFR 71.

The cask lif ting ears are removed and the primary and secondary lid

lifting lugs covered during transport to prevent them from being used for
tie-down purposes.
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2.4.4.1 Description of the Tie-down Device The package has been

U provided with two 1-1/2" thick steel plates (tie-down ams) which are welded
to the external shell of the cask body. The steel plates are us'ed for tying

~

the package down. They project outward from the cask in four directions so as
to allow specially designed rigging components to be connected to the ends of
the tie-down ams. Four shear blocks prevent movement of the base of the

package.

The geometric configuration of the tie-down system was selecteo such that:

(1) The resultant tie-down arm tensile loads are tangent to the cask
surf ace in order to niinimize the effects of out-of-plane stresses in
the cask shell. (See Figure 2.4.4-1 for detemination of the
tie-down geometry) .

(2) The shear block loads are transferred to the cask surface via
compression in the lower overpack.

A 2.4.4.2 Tie-down Forces The analytic model for determining the loads

U required to prevent rotation and translation of the package due to the applied
loads is shown in Figure 2.4.4-2. The shear block forces at the bottora of the
package are initially represented by the orthogonal components of a single
force vector, S, occuring at some angle, s. This base shear resultant is
later transfomed into individual shear block loads for evaluation of overpack

and cask stresses.

The six equations of equilibrium for the freebody oiagraras of Figure
2.4.4-2 yielo the following for the six unknowns:

I Fx = 0
-59 59 59

T3 - Ssin e = 5(74) = 370T1+ 102.34 T2 + 102.34102.34

t Fy = 0

T T3 + Scos e = 10(74) = 74010 4 i +102 3 T2 - 10 .34

I Fz = 0

42 42 42

102.34 +102.34 T2 + 102.34 T3 - V = 2(74) = 148
2-42
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2.4.4.2 Tie-down Forces (continued)(pw/
I hx=0 -

42 72.3 42 72.3 :

I 6T.74(23.73) + 102.34 (79)] T1+ L102.34(23.73) + 102.34 (79)] T2l

7

-L h4(23.73) + 10 .34 (79)] T3 + Scos e (24) = 10(74)(62.5) = 462503

I by = 0

42 59 59 42

E1W 34(29.04) yg4(79)] Ti +L g ,34(79) - 102.34(29.04)] T2

( 9. 4 ) T3 - Ssin e (24) = 5(74)(62.5) = 23126+l -102 34102 34

I bc = 0

i -L (59 + 72.3 )1/2
2 2

[ (59 , 7p,3 )1/22 2

(37.5)] T2( .5)] T 102.34102.34

+L (5 I(37.5)]13=00.4

In matrix notation the equations appear os:

b
-0.577 0.577 0.577 -1 0 0 T 370

1

0.706 0.706 -0.706 0 1 0 T 740
2

0.410 0.410 0.410 0 0 -1 T 140
3

=x

65.528 65.528 -65.528 0 24 0 Ssine 46250

-33.657 33.657 33.657 -24 0 0 Scose 23125

34.197 -34.197 34.197 0 0 0 V 0

Simultaneous solution of the six equations yields the following:

|

293.24 kipsT =
1

| T 652.75 kips=
2

i T 359.51 kips=
3

Ssine = 44.81 kips

2-45
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2.4.4.2 Tie-down Forces (continued)

Scose = 325.82 kips ,

'
-

387.76 kipsV =

The base shear resultant and the angle at which it occurs are detemined

as follows:

-1 5s
e = tan = 7.83*

5c e
5 i" = 328.69 kipsS =
3 ne

The individual shear block loads are detemineo by solving the equilibrium

equations for the freebody diagram of Figure 2.4.4-3.

I Fx = 0:
(52 - S ) sin 38* = 44.81 kipsI

I Fy = 0:

(Sy + S )cos38* = 325.82 kips2

Simultaneous solution of the two equations yields:

Si = 170.40 kips
52 = 243.13 kips

2.4.4.3 Package Stress Results
,

The results of the tie-down stress analysis are summarized as f ollows:

Max Shear Stress
hemb. + Lending (psi) Factor of Satety

Cask Lid 1868 10.17

Exterior Cask Shell 12400 1.53

Cask Bottom 1243 15.28

tid Bolts 22795 2.85

Tie Down Ams** 66949 1.49

% Lower Overpack* 1017 1.78

,) Tearout 46315 1.08
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2.4.4.3 Package Stress Results (continued)
t

The above factors of safety correspond to a maximum applied load of .

lbs. and were computed using the tie-down stress analysis f ailureP = 652750

criteria described in Section 2.1.2.2(3).

Detailed analyses for each of the above stresses may be found in I

subsequent sections.

(1) Failure of the Cask Tie-down Arms Uncer Excessive Loaos

Since failure will first occur in the region of the smallest factor
of safety, the tie-down ams will f ail by edse tearout at a loao
which produces a maximum shear stress of:

F 66395 psi (see Section 2.1.2.2)u =

ofailure=k
where F = 115000 psi so as to give a conservative value of the

u
' maximum shear stress for either ASTH A517 or A514 steel.

.

The f ailure load can then be computed as:

935752 lbs.=
P ailure =f t

where P = Maximum tie-down arm load = 652750

actual = scress of the coriponent with the lowest f actor of saf ety.
|

( Should the f ailure load inadvertently develop, the corresponding
stresses in other parts of the tie-down am would be:

i

| * Compression Stress

** Tension Stress

! O
V
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2.4.4.3 Package Stress Results (continued)

Location oshear (psi) Allowable yield. stress (psi)
'
'

Cask Lid 2678 19000

Exterior Cask Shell 17776 19000
Cask Bottom 1782 19000

Lid Bolts 32678 65000

Tie-down Ams 95975 100000
Lower Overpack 1458 1500

Since the load which causes failure of the tie-down arm does not
generate stresses in any material of the cask in excess of its
material yield strength, it can be concluded that the cask remains
intact and undefomed ano niay be so consioered for meetin9 the normul

and accident shielding and containment requirements.

2.4.4.4 Cask Stress Analysis A finite element stress analysis was

perfomed using STARDYNE to determine stresses in the cask due to the tie-down
loading requirements of 10 CFh 71 paragraph 71-31 (d)(1). A description of

P STARDYNE may be found in Appendix 2.10.5. Because of the non-axisymmetric

loading condition, the cask structure was modeled using a 3-D finite element
model. The geometric representation of the finite element model relative to
the actual cask structure is shown in Figure 2.4.4-4. The finite eiermnt

model of the cask is described in Figures 2.4.4-5 through 2.4.4-13.

(1) Finite Element Model-Applied Loads

The tie-down arm loads detemined in Section 2.4.4.2 were applied to the

finite element model as shown on Figure 2.4.4-8. The vertical base reaction,
;

as cetemined in Section 2.4.4.2, was applied as a pressure to the exterior
quad plate elements of the cask bottom. This was conservative in the sense
that the pressure applied by the bottom inner surface of the lower overpack

|

|
was not cistributed over the total available area as shown in Figure 2.4.4-14.

(
:

The total area of quad plate elements 613 through 644 was detemined as
2

|
2093.84 in ,

\
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2.4.4.4 Cask Stress Analysis (continLed)

The applied plate pressure is therefore:
.

.

.

V 387765
9b " 2 W3.84 * Zw3.84 = 165 psi.

The individual shear block loads (R , R on Figure 2.c.4-15) werey 2

applied to the cask as nodal forces (R , R , R , R ) near the contact3 4 S 6

surface between the shear block and the cask. The nodal fortes were assumed
to be normal to the cask surf ace and uniforu along the circuuference. They
were determined by solving the following equilibrium equations written for the
freebody diagrams of Figure 2.4.4-15 (a-c).

From Figure 2.4.4-15a,

I Fx = 0 (cos 50.7548 + cos 38.0661 + cos 25.3774) ky+

(cos 50.7548 + cos 38.0661 + cos 25.3774) h2 = 326616

E F3 = 0 (sin 56.7548 + sin 38.0661 + sin 25.3774) R1-
(sin 50.7548 + sin 38.0601 + sin 25.3774) R2 = 44812

Simultaneous solution of these equations shows:

Ry = 82433 lbs.

R2 = 57860 lbs.

l
Applying equilibrium conditions to Figure 2.4.4-15c yields:'

IF=0 F3+F2=P
zM=0 P(6) = F2 (8.5)

Thus,

F1 = 0.294 P

F2 = 0.706 P

y and R , were resolved into nocalThe inoividual shear block loads, R
2

forces, R through R , as shown in Figure 2.4.4-15 b,c. Solving f or these'
3 6

nodal forces yields:
2-61
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2.4.4.4 Cask Stress Analysis (continuea)

R3 = 58188 lbs. ,

R4 = 40800 lbs.

R5 = 24245 lbs.

R6 = 17000 lbs.

(2) Evaluation of Cask Stresses

The input and output f or the STARDYhE, Finite Element Stress Analysis

may be found on microfiche in Appendix 2.10.5.

The stress results are suunarized as follows:
Max Shear Stress Element Factor
(her..b. + bending) Number of Safety

Cask Lid 1868 psi 257 10.17

Exterior Cask Shell 12,400 psi 353 1.53
Cask Bottom 1243 psi 627 15.28

The factors of safety are detemined as:

F.S. = [ shear allowable (membrane + bending))
" shear max.

shear allowable = h = h 19 ksi for A516 Gr 70.where:

2.4.4.5 Lid Bolt Stress Analysis

(1) Lid Bolt Stresses

The cask lid is held in place by 32 ASTH A354 Graae BD 2-8 DN x

4-1/2" bolts, equally spaced around the cask perimeter.

O'

2-63
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During the 10-5-2 g loadins, forces are senerated in the lid bolts.

*

The forces consist of direct bolt tension and bolt shear. In

addition, the lid bolts experience a tension due to a p'rying action
bending moment which exists between the side wall of the cask and the
cask lid. These forces and moneents vary in magnitude and direction
around the circumference of the cask, and were determined from the ,

results of the cask finite element stress analysis outlined in

Section 2.4.4.5(2).

The maximum lid bolt loads were determined in Section 2.4.4.5(2), ano
are shown in Figure 2.4.4-16(a) as follows:

V = 45955 1b.x
V = 7423 lb.
3

Y, = 10005 lb.
N = -28280 i n-l b. ,

e Shear Stress

Since both V andV act in the plane of the cask lid, they
x y

combine to form a resultant shear force on the bolts.

Fshear =s (Vx}2 + (y )2y

=3 (45955)2 + (-7423)2

= 46550 lb

2
Net bolt area for the 2" - 8 UI, x 4-1/2" bolts is 2.77 in ,

This yields a nominal shear stress of:
Fshear

onominal * A oltb

46550 1b
22.77 in

b 16605 psid =

2-64
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2.4.4.5 Lid Bolt Stress Analysis (continued) |^

!

The maximum shear stress is found at the center of t.he bolt cross
~ '

section and is 4/3 x the nominal shear stress.

= 4/3(16805) = 22407 psia
3

The effects of this stress are evaluated when combined with the
tensile bolt stresses computed in the next section.

e Tension Stress

The edge moment, M, produces a tensile stress on the bolt and an
area of compressive contact pressure on the outside edge of the
lid as shown in Figure 2.4.4-10a. The maximum bolt tension caused

by the prying action moment occurs when the applied moment creates

a compressive contact pressure on the outer edge of the 110.

'

J Applying equilibrium conditions to Figure 2.4.4-16a yields:

IF=0 T2 = (1/2)zbl Equation I

where:
z = compressive contact pressure, psi
b = width of edge section under influence of the bolt, in.
1 = length of edge section uncer influence of the compressive

| contact pressure, in.
'

T = bolt tensile force, lbs.
2

EM=0

-h = T (L - 1/3) Equation 11
2

l where:
|

|
h = eoge moment, in-lb.
L = length from edge to bolt, in.

2-65
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2.4.4.5 Lid Bolt Stress Analysis (continued)

Condition of Compatibility - The deflection analysis , assumes that -

~

all plane sections remain plane, an6 that the deflection of the
bolt will be proportional to deflection of the lia.

b ol t' ib
6b01t ,Eb51 t
6W = z

[A516
From the bolt ano lio deflections shown in Figure 2.4.4-16(b),

6 bolt . L-1
6TTd'- 1

Therefore,

T1=A z(L-1 ) (1. 07 ) Equation III
2 bolt

Equations,(I), (II), and (III) contain three unknowns: T'2'2

and 1.

Substituting equation (I) into equation (II) yields:

-2M
, , (b)(L-1/3) Equation IV

Similarly, substituting equation (I) into equation (III), given:

2
A = 2.77 in
bolt

E * 27*9X10 psi
A516-70 6

E = 29.9x10 p39
bol t

L = 2.62 i n.
b = 7.06 i n

(1/2)zbl2=A z (L-1)(1.07)
bolt

3 . 5 312 + 2.961 - 7.76 = 0

1 = 1.12 i n.

-
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i.4.4.5 Lid bolt Stress Analysis (continued)

Using equation (IV), the contact pressure is found as:

- 21., -(E)(-E8280), , ,

blLL-1/3) (7.% )(1.12)(2.62 - 1.12/3)
z = S183 lb/in2

Solving equation (I) for the bolt load yields:

T2 = (1/2)zbl = (3183)(7.04 )(1.12)
2

T2 = 12587 lb.

This tensile bolt load will add directly to the tensile force,
Y , to produce the total bolt load,

2

Ftotal = 12587 + 10605
= 23192 lb.

This yields a bolt tensile stress of:

F otal 23192t
*otens * Abol t 2.77

tens = 8372 psi

|

| e Combined Stress

Combining the tensile bolt stress and the resultant shear stress to
obtain the principal stresses and the maximum shear stress:

"p1' 'p2 * ' tens /21 (( tens /2)2 #go s)2) M

o y = 26981 psip

o 2 = -18609 psi| p

op1 - op2 = 22795 psiomax shear * 2

!
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2.4.4.5 Lid Bolt Stress Analysis (continued)

According to ASTM specificaton A-354, the yield strength for
9r ace BD 2"-8 Uh bolts is 130000 psi. Therefore:

' allowable = (0.5)(6yielu) = (0.5)(130000) = 65000 psi

The associated factor of safety is

7,3, , callowable , 65000 = 2.8 5
cactual 22795

(2) Analytic bethod for Detemining Lid Bolt Loaas

Since the lid bolts were not specifically mouelled in the finite
element geometry, the lid bolt loads (fortes and moments) were not
directly available from the finite element cask stress analysis
output. The method used for detemining these leads is described in
the following paragraphs.

(

A typical section of the finite element model where the outside e69e
of the cask lid joins the cask side wall is shown in Figure 2.4.4-17a.

The global corner forces for each of the four plates at the adjoining
node is shown in Figure 2.4.4-17(b). Numerical values of these
corner forces were extracted frora the finite elenient analysis output -

(Table 2.4.4-1) for each node along the outer edge of the lid (noces

97 through 128).

The global corner forces were added as shown in Figure 2.4.4-17(c).
Numerical values for these resultants, Px, Py, Pz, hx, hy, and bz,

are given in Table 2.4.4-2.
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2.4.4.5 Lid Bolt Stress Analysis (continued)

The global corner forte sums of Figure 2.4.417(c) were. rotated into
a local (edge) coordinate systerc. for each noce as shown'in

Figure 2.4.4-18(a). P'x, P'y, P'z, M'x, M'y and M'z are given in
Table 2.4.4-3 and represent the unbalanceo nodal loads which must be
transmitted from the upper side of the cask body to the lid via the
joint continuity provided by the lid bolts. M'y and N'z were found
to be zero in the local (edge) coordinate system.

Since the nodes along the outer edge of the lid do not coinciae with
the bolt locations, the loads of Figure 2.4.4-18(a) were first
converted into loads per inch of lid circumference, (Ib/in an6
i n-lb/i n) as shown in Fi9ure 2.4.4-18(b) . Numerical values for q ,x

q, , q2 and c,m are given in Table L.4.4-3 and plotted withx
respect to circumferential position in Figure 2.4.4-19.

Peak edge loads were found frora Figure E.4.4-19 to be:

q = 6500 l b/i npx
q = 1050 lb/in

Py
q = 1500 lb/ing
q mx = -4000 in-lbs/inp

Even though these peak loads occur at different circuraferential

i positions, they were conservatively assumed to occur simultaneously
for detemining the maxiraum lid bolt loads.

The maximum bolt load was detemined by multiplying the peak edge

loads by the circumferential spacing between bolts as shown on figure

2.4.4-20. Since the 32 bolts are equally spaced around the 1 ;

circunference, the spacing between the bolts is:

1= 23r/32 bolts = 7.07 in.

O
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Cask tid

,107 ,

74 238

f Top of Cask Shell

270
i

'105
| 269

(a) Cask Lid-Side Wall Representation
,

,

i O
1 Mz

2'

,

o Pz

Mz
i

dy3x Mx
2 2.Pz, fy,

th Nx Mx
1 2

gPzc
'

MY /' N Px, -

2
py g,Mz, g,gjz 3

QX 3j \"* 3Py 3

e ,

(b) Global Corner Forces at Edge of Lid

V .

Figure 2.4.4-17
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| |
!

: O
*

.

|
Mzo

238 o
!

gPz

|
237 Px Mx

!yP
/My

-

.

-Mz i

. | Pz
-

-PxN
! N-bi

6-F y

/-M),

O
1

I

I

Px = Px, + Px, = - (Px + Px,)3

(Py3 +Py,)Py = Py3 + Py2 = -

(Pz3 + Pz )| Pz = Pz3 + Pz2 = - u

(MXs + MXu)! Mx = Mx3 + Mx2 = -

(Mys + My*)My = My2 + My2' = -

= - (Mza + Mz.)Mz = Mz3 + Mz2

(c) Global Corner Force Sums at Edge of Lid

i
!

| Figure 2.4.4-17
'

: O
,
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:

1

Mz' (in-1 s)

.

.

Pz' (lbs)
o ,

Mx' (in-lbs)

Px' (1bs) \ Py' (lbs)/i

y(in-lbs)

(a) Corner Force Sums-Local Edge Coordinate System
.

1O

(in bs)=h(lbs/in) q ,
4 mxx

=h(1bs/in) =0q =g
my 36" Ry

q,=h(lbs/in) =0q =
mz

4mz"0g

1
hqz /

*
2h A

\q L = Length between
Nodesg

Amy = 0

(b) Lid Edge Loads per Inch of Lid Circumference-
Local Edge Coordinate System

Figure 2.4.4-18
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;10 DEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

CORNER FORCE TABLE:

--------GL0BAL C0RHER F0RCE5--------

PODE PLATE CORNER CONDITION PX PY PZ MX MY MZ

NU HD N0 HUMBER (LB) (LB) (LB) (IN-LB) (IN-LB) (IN-LB)

65 229 1 1 539.09 44101.00 -5324.00 48987.00 4752.90 0.00

65 260 4 1 -3246.00 -44261.00 3713.00 -44816.00 8105.40 0.00

66 229 4 1 -4654.20 -36233.00 7405.40 -29017.00 698.44 0.00

66 230 1 1 -483.76 41804.00 -7308.30 32477.00 3077.70 0.00

67 230 4 1 -7465.40 -26220.00 9104.70 -12722.00 -1787.60 0.00

67 231 1 1 188.05 36306.00 -8239.30 17809.00 -2152.80 0.00

68 231 4 1 -13213.00 -16953.00 9749.70 3112.90 -820.60 0.00

68 232 1 1 1537.20 29733.00 -6522.00 6939.10 -19811.00 0.00

69 232 4 1 -18240.00 -10694.00 7610.80 15765.00 3693.90 0.00

69 233 1 1 8167.90 19132.00 -4534.70 509.58 -19678.00 0.00

'

70 233 4 1 -22087.00 -7412.30 5160.40 14040.00 6839.20 0.00

70 234 1 1 11669.00 14258.00 -1825.90 2024.10 -20019.00 0.00

71 234 4 1 -24534.00 -5556.00 2246.50 12729.00 6321.30 0.00

71 235 1 1 16524.00 9518.10 622.08 5862.60 -16059.00 ,0.00.,

72 235 4 1 -26559.00 -3905.70 -146.09 8847.70 407.42 0.00
.

72 236 1 1 20398.00 6506.10 2129.60 7386.10 -7686.30 0.00

73 236 4 1 -26399.00 -3273.90 -1656.30 6317.40 -6879.30 0.00

73 237 1 1 23155.00 4287.30 3609.10 5332.30 4906.20 0.00

Table 2.4.4-1
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MODEL DESCRIPTION... CHEM HUCLEAR RADIATION CASK

CORNER FORCE TABLE:

) --------GL0BAL C0RHER F0RCE5--------

HODE PLATE CORHER CONDITION PX PY PZ MX MY MZ
N0 HD H0 NUMBER (LB) (LB) (LB) (1H-LB) (IN-LB) (IH-LB)

74 237 4 1 -24402.00 -2152.70 -2942.70 7626.40 -11471.00 0.00

74 238 1 1 23542.00 3404.30 3204.00 1238.30 12070.00 0.c0

75 238 4 1 -20653.00 -880.94 -2397.90 9703.40 -13366.00 0.00

75 239 1 1 22456.00 2361.40 3666.68 -4603.70 15993.00 0.00

2

76 239 4 1 -16359.00 1591.40 -2768.90 11136.00 -7747.70 0.00

76 240 1 1 19550.00 1317.20 3057.70 -6666.30 14432.00 0.00

77 240 4 1 -11982.00 4673.20 -1936.70 11621.00 -2588.40 0.00
y

h 77 241 1 1 17038.00 -21.98 3546.30 -5083.50 12931.00 0.00

78 241 4 1 -6871.40 10384.00 -2221.80 7701.20 5152.60 0.00 .

78 242 1 1 12114.00 -3982.10 4693.70 -3452.20 8561.70 0.00

79 242 4 1 -3917.40 15656.00 -3404.50 6430.30 8223.80 0.00

79 243 1 1 7853.10 -9526.00 5125.80 -1063.40 5227.00 0.00

80 243 4 1 -2174.30 19697.00 -3772.00 14304.00 4420.80 0.00

80 244 1 1 5058.40 -16043.00 6395.80 -9747.10 3698.90 ,0.00
,

81 244 4 1 -1232.60 21955.00 -4724.00 27629.00 1369.50 0.00

81 245 1 1 2975.20 -21945.00 4691.40 -23390.00 -2241.60 0.00

|

82 245 4 1 1822.80 20728.00 -2421.00 44695.00 3472.10 0.00

1795.70 -25521.00 597.26 -36771.00 -14712.00 0.0082 246 1 1 .

Table 2.4.4-1
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MODEL DESCRIPTION... CHEM NUCLEAR RADIATIDH CASK

i

CORHER FORCE TABLE:

--------GL0BAL C0RHER F0RCES--------

: NDDE PLATE CORNER CONDITION PX PY PZ MX MY MZ

H0 H0 HD HUMBER (LB) (LB) (LB) (IN-LB) (IN-LB) (1H-LB)

i

[
83 246 4 1 7051.30 16342.00 2135.90 49189.00 11480.00 0.00'

83 247 1 1 -1397.20 -26054.00 -3626.60 -41044.00 -26462.00 0.00

84 247 4 1 16207.00 11166.00 6469.00 33272.00 15790.00 0.00

84 248 1 1 -6478.40 -24002.00 -8068.80 -29882.00 -24011.00 0.00

85 248 4 1 26769.00 6206.10 10366.00 13406.00 12897.00 0.00

85 249 1 1 -18092.00 -14915.00 -9434.80 -17277.00 -11849.00 0.00

7
5

86 249 4 1 35548.00 3017.10 10583.00 1588.20 5464.59 0.00

86 250 1 1 -26902.00 -9779.70 -9101.00 -12613.00 -2103.80 0.00

87 250 4 1 42737.00 930.45 9738.40 -6761.10 -4623.60 0.00

t 87 251 1 1 -37275.00 -3905.80 -7345.40 -10656.00 8455.70 0.00

88 251 4 1 47513.00 -1652.10 7435.90 -19965.00 -15676.00 0.00

88 252 1 1 -46208.00 23.84 -4729.70 -11199.00 16331.00 0.00

0.00
19 252 4 1 47902.00 -3750.30 4489.10 -12694.00 -25680.00 .

.

89 253 1 1 -51026.00 3367.20 -1021.20 -13916.00 23731.00 0.00

90 253 4 1 42501.00 -8164.60 586.28 -10745.00 -35502.00 0.00

90 254 1 1 -50594.00 5222.10 3833.50 -18823.00 28274.00 0.00

91 254 4 1 .33572.00 -13798.00 -4083.80 -6582.70 -38071.00 0.00

Table 2.4.4-1
-
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MODEL DESCRIPTION... CHEM HUCLEAR RADIATION CASK
|

CORNER FORCE TAS'E:

--------GL0BAL C0RHER F0RCES--------
,

NODE PLATE CORHER CONDITION PX PY PZ MX MY MZ

HD H0 HD NUMBER (LB) (LB) (LB) (IH-LB) (IN-LB) (IN-LD)

91 255 1 1 -45062.00 8400.50 8105.40 -24364.00 27122.00 0.00

92 255 4 1 22718.00 -21926.00 -7959.60 -3209.60 -26191.00 0.00

92 256 1 1 -38456.00 11274.00 12502.00 -19586.00 16201.00 0.00

93 256 4 1 14798.00 -28869.00 -11866.00 -5694.30 -11262.00 0.00

93 257 1 1 -28425.00 16380.00 14353.00 -8244.60 4182.70 0.00

94 257 4 1 1653.60 -42948.00 -12322.00 -28293.00 17166.00 0.00

94 258 1 1 -17789.00 23631.00 11610.00 25502.00 -7575.10 0.00

95 258 4 1 -1880.00 -46466.00 -8578.00 -51422.00 31432.00 0.00

| 95 259 1 1 -7139.40 33092.00 6351.50 59488.00 -7707.80 0.00

|
96 259 4 1 -4029.00 -47604.00 -3202.60 -54269.00 21546.00 0.00

|

! 96 260 1 1 -1858.80 40583.00 -1043.50 63072.00 1978.10 0.00

97 229 2 1 3174.60 44805.00 8495.60 44026.00 -6833.60 0.00
1

97 260 3 1 -274.74 -50925.00 -8250.80 -43868.00 -12246.00 0.00

98 229 3 1 940.50 -52674.00 -10577.00 -21024.00 -16735.00 ,
0.00

i
*

98 230 2 1 5158.80 31124.00 9186.90 23882.00 4844.60 0.00

99 230 3 1 2790.30 -46707.00 -19983.00 -4243.10 -13319.00 0.00
,

99 231 2 1 10916.00 18099.00 10240.00 7566.70 6779.00 0.00

100 231 3 1 2109.00 -37453.00 -11750.00 12333.00 2015.20 0.00
,

1
.

Table 2.4.4-1
i
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MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

CORHER FORCE TABLE:

--------GL0BAL CDRHER F0RCE5--------

HDDE PLATE CORHER C0HDITIDH PX PY PZ MX MY MZ

HD HD NO HUMBER (LB) (LB) (LB) (IN-LB) (IN-LB) (IN-LB)

.

100 232 2 1 16766.00 10500.00 7704.60 -11596.00 -2571.80 0.00

101 232 3 1 -63.08 -29539.00 -8793.30 16214.00 19792.00 0.00

101 233 2 1 24020.00 5118.70 2124.70 -20346.00 -16327.00 0.00

102 233 3 1 -10101.00 -16838.00 -2750.50 8234.10 20576.00 0.00

102 234 2 1 27535.00 3372.40 -168.13 -16152.00 -16144.00 0.00

7' 103 234 3 1 -14670.00 -12075.00 -252.46 2085.70 20243.00 0.00

103 235 2 1 31320.00 2179.90 -4182.60 -11770.00 -16866.00 0.00

104 235 3 1 -21286.00 -7792.30 3706.60 -3647.10 9290.70 0.00
<

104 236 2 1 32510.00 2236.20 -5847.20 -5931.50 -7726.90 0.00

105 236 3 1 -26509.00 -5468.40 5373.90 -4866.20 -4505.00 0.00

105 237 2 1 30379.00 2561.10 -5372.00 -2763.80 4402.90 0.00

106 237 3 1 -29132.00 -4695.70 4705.60 -1463.00 -14168.00 0.00

106 238 2 1 25716.00 2092.00 -3563.20 -3344.60 13239.00 0.00

. . . '

107 238 3 1 -28606.00 -4615.40 2757.10 2848.60 -16935.00 0.00

107 239 2 1 19724.00 233.45 -1507.40 -5263.60 15997.00 0.00

108 239 3 1 -25821.00 -4186.30 609.72 4675.80 -13571.00 0.00

108 240 2 1 13774.00 -3110.90 -154.52 -5555.50 13025.00 0.00

Table 2.4.4-1
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110 DEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

,

CORNER FORCE TABLE:
4

--------GL0BAL C0RHER F0RCE5--------

NODE PLATE CORNER CONDITION PX PY PZ MX MY M7

NO NO NO NUMBER (LB) (LB) (LB) (IN-LB) (IN-LB) (th-LB)

109 240 3 1 -21342.00 -2879.60 -966.50 3312.40 -7057.00 0.00

109 241 2 1 7034.70 -9227.90 -43.54 -3648.50 6740.30 0.04
4

110 241 3 1 -17201.00 -1134.30 -1281.00 -3735.40 116.42 0.00

! 110 242 2 1 2907.60 -15893.00 -2071.80 3545.30 -372.84 0.00

i
~

111 242 3 1 -11104.00 4218.90 782.54 -8483.80 1369.20 0.00
r

111 243 2 1 1011.70 -22000.00 -5965.90 8905.10 -609.79 0.00

112 243 3 1 -6690.40 11829.00 4612.10 -775.72 -753.82 0.00

'm
i 112 244 2 1 541.02 -26369.00 -9476.80 1982.70 5536.00 0.00

113 244 3 1 -4366.80 20457.00 7805.00 19952.00 3358.40 0.00

113 245 2 1 -494.98 -26933.00 -9477.20 -19790.00 9048.40 0.00

114 245 3 1 -4303.00 28151.00 7206.70 42177.00 19555.00 0.00

114 246 2 1 -4242.30 -22912.00 -3524.20 -46699.00 966.98 0.00

115 246 3 1 -4604.70 31590.00 7?1.04 44783.00 37497.00 0.00

115 247 2 1 -12144.00 -15523.00 5798.h0 -55716.00 -14650.00 0.00

' '

116 247 3 1 -2666.10 30411.00 -8641.30 22010.00 36216.0t O.00

; 116 248 2 1 -22925.00 -8626.20 11149.00 -35054.00 -20057.00 0.00 i

!

117 248 3 1 2634.30 26422.00 -13446.00 443.54 16282.00 0.00

i 117 249 2 1 -36935.00 -1369.10 10229.00 -7046.90 -10856.00 0.00

i

Tabic 2.4.4-1
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MODEL DESCRIPTION... CHEM HUCLEAR RADIATION CASK

CORHER FORCE TABLE:

--------GL0BAL C0RHER F0RCE5-------- I

NODE PLATE CORNER CONDITION PX PY PZ MX MY NZ

HD H0 N0 HUMBER (LB) (LB) (LB) (1H-LB) (1H-LB) (IN-LS)

118 249 3 1 19480.00 13266.00 -11377.00 -1933.30 4753.10 0.00

118 250 2 1 -47888.00 2042.20 11079.00 3355.20 -6370.60 0.00

119 250 3 1 32053.00 6807.10 -11716.00 -2748.50 -11205.00 0.00

119 251 2 1 -58431.00 4475.30 8545.40 12853.00 7341.50 0.00'

123 251 3 1 48193.00 1082.60 -8636.00 2399.20 -20464.00 0.00

120 252 2 1 -62506.00 5065.60 6797.30 14895.00 17272.00 0.00

121 252 3 1 60813.00 -1339.10 -6556.60 97,95.90 -29473.00 0.00

121 253 2 1 -57278.00 6231.80 4364.40 12104.00 29369.00 0.00

122 253 3 1 65803.00 -1434.40 -3929.50 19195.00 -39205.00 0.00

122 254 2 1 -44301.00 10445.00 -1153.30 2932.50 43040.00 0.00

,

123 254 3 1 61324.00 -1869.50 1403.60 27426.00 -41303.00 0.00

123 255 2 -1 -27659.00 18532.00 -19198.00 -9919.10 47648.00 0.00

124 255 3 1 50003.00 -5006.10 10052.00 24416.00- -23772.00 0.00
''

124 256 2 1 -16481.00 26395.00 -13705.00 -14857.00 29383.00 O.00

125 256 3 1 40139.00 -8799.80 13069.00 17273.00 -13209.00 0.00

125 257 2 1 3714.10 46203.00 -21990.00 -19796.00 11168.00 0.00

126 257 3 1 23057.00 -19635.00 19960.00 -25771'.00 16838.00 0.00

126 258 2 1 7174.30 51626.00 -18334.00 12120.00 -33403.00 0.00

Table 2.4.4-1
--
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MODEL DESCRIPTIDH... CHEM NUCLEAR RADIATIDH CASK

CORNER FORCE TABLE:

---- ---GL0BAL CDRHER FURCES--------

H0DE PLATE CORHER CONDITIDH PX PY PZ MX MY MZ

HD NO HD HUMBER (LB) (LB) (LB) (IN-LB) (IH-LB) (IN-LB)

1 12494.00 -28791.00 15303.00 -70011.00 22390.00 0.00

127 258 3 [
127 259 _ 2 _1 7981.80 56?D4.00 -4531.70 56388.00 -50566.00 0.00

<s

t 1 3186.70 -41693.00 1382.A0 -70125.00 3248.80 0.00
128 259

128 260 i 1 5379.60 54603.00 5581.2P 64015.00 -30572.00 6.04

' ..

r
-

,

7' .

$

...

|

-

_
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.

.

-
.

.

.

. .j



_ _

D D O.

MODEL DESCPIPTION... CHEM HUCLEAR RADIATION CASK

SUMMED CORNER FORCES TABLE: ,

GL0BAL C0RHER F0RCE * UMS----- -----

NODE CONDITION PX PY PZ MX hf NZ
HD HUMBER (LB) (LB) (LB) (IN-LB) (IN-LB) (IH-LB),

4

65 1 -2706.91 -160.00 -1611.00 4171.00 12858.30 0.00

: 66 1 -5137.96 5571.00 97.10 3460.00 3776.14 0.00

i 67 1 -7277.35 10086.00 865.40 5087.00 -3940.40 0.00

j 68 1 -11675.80 12780.00 3227.50 10052.00 -11631.60 0.00
,

| 69 1 -10072.10 8438.00 3076.10 16274.58 -15984.10 0.00

70 1 -10418.00 6845.70 -$34.50 16064.10 -13179.80 0.00

71 1 -8010.00 3962.10 2868.58 18591.60 -9737.70 0.00

72 1 -6161.00 2600.40 1983.51 16233.80 -7278.88 0.00
'n

Es 73 1 -3244.00 1013.40 1952.80 11649.70 -1973.10 0.00;

: N>
! 74 1 -860.00 1251.60 261.30 8864.70 599.00 0.00

j 75 1 1803.00 1480.46 1268.70 5099.70 2627.00 0.00
'

76 1 3191.00 2908.60 288.80 4469.70 6684.30 0.00

77 1 5056.00 4651.22 1609.60 6537.50 10342.60 0.00

| 78 1 5242.60 6401.90 2471.90 4249.00 13714.30 0.00
|

; 79 1 3935.70 6130.00 1721.30 5366.90 13450.80 0.00

80 1 2884.10 3654.00 2623.80 4556.90 8119.70 0.00

81 1 1742.60 10.00 -32.60 4239.00 -872.10 . 0'.00

82 1 3618.50 -4793.00 -1823.74 7924.00 -11239.90 0.00

83 1 5654.10 -9212.00 -1490.70 8145.00 -14982.00 0.00|

|

j 84 1 9728.60 -12836.00 -1599.80 3390.00 -8221.00 0.00

85 1 8677.00 -8708.90 931.20 -3871.00 1048.00 0.'00

86 1 8646.00 -6762.60 1482.00 -11024.80 3360.70 0.00

4

Table 2.4.4-2
i
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MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK;

SUMMED CORNER FORCES TABLE:
4

GL0BAL C0RHER F0RCE SUMS ----------

HDDE CONDITION PX PY PZ MX MY MZ
N0 HUMBER (LB) (LB) (LB) (IN-LB) (IH-LB) (IN-LB)

87 1 5462.00 -2975.35 2393.00 -17417.10 3832.10 0.00

88 1 1305.00 -1628.26 2706.20 -22164.00 655.00 0.00

89 1 -3124.00 -383.10 3467.90 -26610.00 -1949.00 0.00

90 1 -8093.00 -2942.50 4419.78 -29568.00 -7228.00 0.00

91 1 -11490.00 -5397.50 4021.60 -30946.70 -10949.00 0.00
'

92 1 -15738.00 -10652.00 4542.40 -22795.60 -9990.00 0.00

93 1 -13627.00 -12489'.00 2487.00 -13938.90 -7079.30 0.00
;
i 94 1 -16135.40 -19317.00 -712.00 -2791.00 9590.90 0.00

3

$ 95 1 -9019.40 -13374.00 -2226.50 8066.00 23724.20 0.00
,

96 1 -5887.80 -7021.00 -4246.10 8803.00 22624.10 0.00

97 1 2899.86 -6120.00 244.80 158.00 -19079.60 0.00

98 1 6099.30 -21550.00 -1390.10 2858.00 -11890.40 0.00

99 1 13706.30 -28608.00 -743.00 3323.60 -6540.00 0.00
.

100 1 18875.00 -26953.00 -4045.40 737.00 -556.60 0.00

101 1 23956.92 -24420.30 -6668.60 -4132.t0 3465.00 0.00

102 1 17434.00 -13465.60 -2918.63 -7917.90 4432.00 0.00

103 1 16650.00 -9895.10 4435.06 -9684.30 3377.00 0.00

104 1 11224.00 -5556.10 -2140.60 -9578.60 1563.80 .p.00
,

105 1 3870.00 -2907.30 1.90 -7630.00 -102.10 0.00

106 1 -3416.00 -2603.70 1142.40 -4807.60 -929.00 0.00

107 1 -8882.00 -4381.95 1249.70 -2415.00 -938.00 0.00

108 1 -12047.00 -7297.20 455.20 -879.70 -546.00 0.00

)

Table 2.4.4-2
___
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McDEL DESCRIPTION... CHEM HUCLEAR RADIATION CASK

SUMMED CORNER FORCES TABLE:

GL0BAL C0RHER F0RCE SUMS - ---------

NDDE CONDITION PX PY PZ MX MY MZ
(IN-LB) (IN-LD) '(IN-LB)NO HUMBER (LB) (LB) (LB) -

109 1 -14307.30 -12107.50 -1010.04 -336.10 -316.70 0.00

110 1 -14293.40 -17027.30 -3352.80 -190.10 -256.42 0.00

111 1 -10092.30 -17781.10 -5183.36 421.30 759.41 0.00

112 1 -6149.38 -14540.00 -4864.70 1206.98 4782.18 0.00

113 1 -4861.78 -6476.00 -1672.20 162.00 12406.80 0.00

114 1 -8545.30 5239.00 3682.50 -4522.00 20521.98 0.00

! 115 1 -16748.70 16067.00 6589.84 -10933.00 22847.00 0.00

116 1 -25591.10 21784.80 2507.70 -13044.00 16159.00 0.00

117 1 -34300.70 25052.90 -3217.00 -6603.36 5426.00 0.00+

,

118 1 -28408.00 15308.20 -298.00 2321.90 -1617.50 0.00 <

119 1 -26378.00 11282.40 -3170.60 10104.50 -3863.50 0.00

120 1 -14313.00 6148.20 -1838.70 17294.20 -3192.00 0.00

121 1 3535.00 4892.70 -2192.20 21899.90 -104.00 0.00

122 1 21502.00 9010.60 -5082.80 22127.50 3835.00 0.00
~

123 1 33665.00 16662.50 -8794.40 17506.90 6345.00 0.00

124 1 33522.00 21388.90 -3653.00 9559.00 5611.00 0.00

125 1 43853.10 37403.20 -8921.00 -2523.00 *2041.00 0,.00

126 1 30231.30 31991.00 1626.00 -13651.00 -16565.00 0.00

127 1 20475.80 27413.00 10771.30 -13623.00 -28176.00 0.00

128 1 8566.30 12910.00 6964.00 -6110.00 -27323.20 0.00

Table 2.4.4-2
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MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK
PANLL SER1[5........ 229 THRU 260

| SUMMED AND ROTATED CORNER FORCES PLUS RUNNING LOADS TABLE:

FOR EDGE......... 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115

115 117 118 119 120 121 122 123 124 125 126 127 128

EDGE FORCE TRIAD PANEL EDGE F0RCES 1N ( EDGE 1 C00RD1NATE SYSTE

HDDE JA JB JC COND PX QX PY QY PZ QZ MX

NO HD HD HD HO (LB) (LB/1H) (LD) (LB/1N) (LB) (LB/1N) IN-LB

97 128 98 65 1 -6120. -769. -2900. -364. 245. 31. -19080.

98 97 99 65 1 -22363. -2811. -1217. -153. -1390. -175. -12228. ,

99 98 100 65 1 -31722. -3987. -123. -15. -743. -93. -7333.

100 99 101 65 1 -32858. -4130. 1758. 221. -4045. -508. -893.

101 100 102 65 1 -34086. -4830. 2901. 411. -6669. -945. 5392.

102 101 103 65 1 -21801. -3541. 3160. 513. -2919. -474. 9074.

103 102 104 65 1 -19006. -3087. 3729. 606. -4435. -720. 10256.

104 103 105 65 1 -12007. -1950. 3562. 579. -2141. -348. 9705.

105 104 106 65 1 -3870. -629. 2907. 472. 2. O. 7630.

106 105 107 65 1 3810, 619. 1984. 322. 1142. 186. 4896.

107 106 108 65 1 9838. 1598. 1145. 186. 1250. 203. 2590.

108 107 109 65 1 14078. 2286. 435. 71. 455. 74. 1034.

109 108 110 65 1 18742. 2656. -145. -21. -1010. -143. 461,

110 109 111 65 1 22218, 2793. -755. -95. -3353. -421. 319.
..

111 110 112 65 1 20391. 2563. -1498. -188. -5183. -651. -867.

112 111 113 65 1 15536. 1953. -2805. -353. -4865. -611. -4931. ,

113 112 114 65 1 6476. 814 -4862. -611. -1672. -210. -12407.

114 113 115 65 1 -6988. -878. -7186. -903. 3683. 463. -21014

-8247. -1036. 6590. 828. -25328.
115 114 116 65 1 -21695. ,2727.

Table 2.4.4-3
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P'WI DTS 10N... CNFM NilCLEAR QADIA710N CASK
PANLL SLRILS........ 229 THRU 260

SifMMED AND ROTATED CORNER FORCES PLUS RUNNING LOADS TABLE:

r0R EDGE......... 97 98 99 100 101 102 103 In4 105 106 107 108 109 110 111 112 113 114 115116 117 118 119 120 121 122 123 124 125 126 127 128

CDGE FORCE TRIAD P ANEL EDGE F0RCES 1N ( EDGE) C00RD1N A T E 5Y 5T re
NODE JA JB JC COND PX QX PY QY PZ QZ MX CMXHD NO NO NO NO (LB) (LB/IN) (LB) (LB/IN) (LB) (LB/IN) IN-LB INLD/IN

'

116 115 117 65 1 -32930. -4139. -6716 -844 2508 315. -20765. -2610
117 116 118 65 1 -42342. -6000. -3362. -476. -3217. -456. -8545. -1211.
lin 117 119 65 1 -32264 -5240. -628. -102. -298 -48. 2A17 453
119 118 120 65 1 -28635. -4651. 1769 287 -3171. -515. 10815. 1757.
120 119 121 65 1 -15151. -2461. 3619. 588. -1839. -299 17585. 2856.

<

121 120 122 65 1 3535. 574 4893. 795. -2192. -356, 21900 3557
122 121 123 65 1 22723, 3691. 5215. 847. -5083. -826 22457 3647

2

Y 123 122 124 65 1 37306. 6059. 4389 713. -8794 -1428. 18621, 3024E
124 123 125 65 1 39706. 6449. 2155. 350. -3653. -593. 11083. 1300,

,

; 125 124 126 65 1 57637, 8168. -224 -32. -8921. -1264 -3244 -460.
I?6 125 127 65 1 43826. 5508. -4076 -512. 1626. 204 -21458. -2697

'

127 126 128 65 1 33543. 4216. -6751. -849 10771. 1354 -31296. -3933.
123 127 97 65 1 14476. 1819.* -5521. -694 6964 875. -27998. -3519

1
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2.4.4.5 Lid Bolt Stress Analysis (continued)'

Therefore the maximum lid bolt loads shown on Figure 2.4.4-20, are:

Vx = 6500(7.07) = 45965 lbs.
Vy = 1050 (7.07) = 7423 lbs.

Vi = 1500 (7.07) = 10605 lbs.
M = -4000 (7.07 ) = -28280 i n-l b s.

Lia bolt stresses are detemined in Section 1.4.4.5(1)

2.4.4.6 Tie-down Arm Stress Analysis The tie-down arin is weldea to
the outer cask shell as shown in Figure 2.4.4-21(a) and (b).

The maximum tie-down arm load of 652750 lbs. was determined in Section
2.4.4.2.

Stresses for the tie-cown am and it's connection to the exterior cask
shell are detemined as follows:'

(1) Tension on het Section at Hule

2
Anet = (b.5 - 1.875) 2.75 = 9.57 in

= 65480 psit= 9 7

allow * I = 100000 psi (tension only - A517 or A514 steel.y
See table 2.3-1)

Therefore:

p,3, ,oal1ow ,100000 =1.53
at 65480

(2) Contact Bearing at Lif ting Hole

2
Abry = 2.75(2.75) = 7.56 in<

2-88
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Figure 2.4.4-20 MAXIMutt LID BOLT LOADS
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;
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J
M
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y 8
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sECTION A-A

(b)
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.
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2.4.4.6 Tie-down Arm Stress Analysis (continue 6)
{

6 50
o= = 86343 psiy ,

allow = 1.35 F = 1.35(100000) = 135000 psiy
(contact bearing)

'

Therefore:

F.S. = callow , 13500g = 1.56
o 60344

(3) Arm Tension

2A = 1.5(6.5) = 9.75 in6na

652750
et = 9.75 = 66949 psi

"al l ow " f = 100000 psi (tension only)'

y

Therefore:

,

F.S. = allow ,100000 , 1,49
at 66949

(4) Edge Tearout

2A = (4-1.4375)(2.75)2 = 14.09 in
|

6527 0o= = 46315 psi (shear)g

FL " 100000 = 50000 psi (sheor)c llow = 2 2a

Therefore:

7,3, , callow 50000 = 1.08, 46315o

0
2-91
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2.4.4.6 Tie-cown Arm Stress Analysis (continue 6)

.O
(5) Weld Stresses ,,

.

Weld stresses are detemined for the material with the lowest yield
strength (exterior cask shell). The effective weld shear area from
Figure 2.4.4-21(a) and (b) is determined as:

2
A = (6.5 + 2 (15.75)) 1.375 = 52.25 inweld

0o= = 12492 psi
52 5

callow =h= = 19000 psi

Therefore:

allow 19000 = 1.52F.S. = , TE4Tia

2.4.4.7 Overpack Stress Analysis

(1) Vertical Loaos

The bearing pressure on the annular land of the lower overpack was

computed in Section 2.4.4.4(1) to be 185 psi. The allowable
compressive stress for the foam in the overpacks, as shown in Figure

I 2.3-1, is 1500 psi . Therefore,

allowable 1500 = 8.1
| F.S. = 185

,

e ctuala

(2) Lateral Loads

The maximum force experienceo by the shear block is 243.13 kips, as
j

detemined in Section 2.4.4.2.

i

' O
'

2-92
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2.4.4.7 Overpack Stress Analysis (continued)

The shear block has a circumferential width of 24.0 inches (ref.
Figure 2.4.4-22), and a height of 12.0 inches. This pr'oouces

2
Ablock = (24)(12) = 286 in

The compressive stress in the overpack foam is:

Fshear block E43130
= 84.2 psi"oblock = Ablock 286

Comparing tnis with allowable stress of 1500 psi for the foam
produces:

p,3, ,callowable ,1500 = 1.78
cactual 844.2

2.5 Standards for Type "B" and Large Quantity Packaging

10 CFR 71, Para. 71.32 defines addition 61 structurdl standards to be

applied to Type B and large quantity packaging. These standards consist of
" load resistance" and " external pressure".

2.5.1 Load Resistance

"Regardeo as a sir.iple beam supportea at its enas along any major axis,j

packaging shall be capable of withstanding a static load nomal to and
unifomly distributed along its length equal to 5 times its fully loaaea
wei ght. . ."

i

NC
og =

where M= *OO|
|

.

2-93
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2.5.1 Loaa Resistance (continued)

Assume the outer shell alone supports this load. ,

*
.

1 = Total length of cask = 69.0 i n.
c = Cask shell radius = 36.75 in.

d, = 73.5 i n.
d, = 72.0 i n.

I = f [d 4 - dj 4]o
,

= 1.134 x 105 i n4

= (5)(74000)(89) 4.116x106 i n-1 b .=M 8
'

(4.116x10 )(36.75)6
, ,

1.134x105

= 1334 psi

Safety Factor = 34650/1334 = 26.0

0
2.5.2 External Pressure

The requirement for external pressure is th&t the cask must be able to
It haswithstand an external pressure of 25 psig without loss of contents.

been conservatively assumed that only the 3.5 itch end pihtes and the
outemost 1.5 inch steel plate cylinder are effective in resisting the
external pressure.

III
2.5.2.1 Bottom End Plate

et = ( ) P(3+v)

D = Dianeter = 73.5 inches

(1) Ref. 3, p. 363, Table 24, case 10a

O-

2-95
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P = 25 psig

t = 3.50 inches^'

v = 0.30 ,

~
.o = 3411 psi

Saf ety Factor = 34650/3411 = 10.2

III
2.5.2.2 Cylindrical Shell - Buckling

.

)2)2] (3 )
220.8Et I nt g,(+

P

2
3p72()," )=

2

n[3+(g)]p1+1(y)2

n = buckling mode number
6E = hodulus of Elasticity = 27.9 x 10 p39

v = 0.3

I (73.5 + 72.0) = 36.375 in,r=

t = 1.50 i n.
1 = 89 in.

The minimum critical pressure occurs at n = 4

and P = 3131 psi
c

Safety Factor = 3131/25 =125
1

2.5.2.3 Primary Lid
|
1 (2)

2 I- .[[1-( ) ]-( ) [1+(1+v)1n( )]
Pr (1-v ) 2 2 1

6o = - ( )

2 ( 1-v2)( )
-

1 2

I" ( )+ " [1-( )] (3)
4wr (1-v ) 2

6 2
)

2 r r #
1 1 2 2 1

! (1-v )(7 7 )
; 1 2

= 4 c0 Cy

(1) Ref. 3, p. 556, Table 35, case 20'

| (2) Ref. 3, p.339, Table 24, case 2a
(3) hef. 3, p.334, Table 24, case la

2-96
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2.5.3.3 Primary Lid (continued)

$where v = 0.3
~

t = 3.5 in.

P = 25 psi

r1 = 16.5 i n,

r2 = 36.75 in.

w = h Pr1 = 206.25 lb/in
and o3 = 4357 psi

,
o2 = 2757 psi
o = 7114 psi

Safety Factor = 34650/7114 = 4.9

III2.5.2.4 Secondary Lid

o=h( )2 P (3+v)

rl= 16.5 in.
t = 3.5 in.

N P = 25 psi
v = 0.3
a = 687 psi

Safety Factor = 34650/687 = 50

2.5.2.5 Cylindrical Shell - Maximum Stress

For external pressure o = f
, (25)(36.375) = 606 psi

1.5
Safety Factor = 23100/606 = 38

2.6 Normal Conditions of Transport

The package has been designed, constructed, and the contents limited (as
described in Section 1.2.3 ), such that the perfomance requirements specified
in 10 CFR 71.35 will be met when the package is subjected to the normel '

;

conditions of transport specified in Appendix A of 10 CFk 71. The ability of
the package to satisf actorily withstand the normal conditions of transport has

.

.

been assessed as described below:

(1) Ref. 3, p.363, Table 24, case iba
2-97
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i2.6.1 heatp
:G !

A cetailed themal analysis for normal conditions of transp5rt can be j

found in Section 3.4. The analysis used an internal heat load of 100 watts.

The maximum cavity temperature was foured to be 177*F asst; ming 130*F
ambient air and full insolation. This is the maximum package ter.iperature.

These temperatures will have no detrimental effects on the package.

2.6.1.1 Summary of Pressures and Temperatures From Sections 3.4.2 and

3.4.4, it was found that the maximum temperatures and pressure are:

Pressure:

P = 6.7 psigmax

Temperatures:
i

Outer Surf ace 177'F
Containment Cavity 177'Fp

V
2.6.1.2 Dif f erential Thermal Expansion From the sunt.iary ter.iperatures

shown in Section 2.6.1.1 and Section 3.1, it can be seen that the temperature

variations between the external shell and the inner contairwent vessel are
less than one Fahrenheit degree.

Since lead bonding is riot present, fabrication stresses are minimizea
because of the short term creep properties of lead. Therefore, a stress-free

temperature of 70*F was assumed.

The analysis of package stresses due to differential thermal expansion has
been perfomed using an axisymmetric finite element model, Figure 2.6.1-1. The
same model is used for computing cask stresses throughout Sections 2.6 and 2.7

of this report. This ANSYS finite element model is described fully in
Appendix 2.10.3.

t
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G 2.6.1.2 Differential Themal Exp6nsion (continued)

b
The referenced figure completely describes model geometry. ' All material

properties of the model are taken directly f rom Table 2.3-1 for' steel, ASTM
A516 Gr70, and lead. To represent the unbonded lead, the lead elements were
decoupled from the steel shells in the axial cirection. This assures that
shear fortes are not transmitted between the steel shells and the lead, yet
pemits proper treatment of direct radial forces between the steel shells and
the lead due to differential themal expansion effects.

A stress analysis was made using combined temperature and pressure loads.

This analysis evaluated stresses in the cask due to temperature gradients and
differential themal expansion along with stresses due to the thermally -
induced internal pressure.

Stress intensities throughout the cask are well below allowables unaer
these conditions, as shown in Table 2.6.1-1. The maximum stress intensity is

seen to occur in the inner shell near the upper end, where the maximum stress

O' intensity is 16362 psi in element 159. This is the area with the lowest
f actor of safety, 2.12.

ForA plot of the elastically oefomed cask is shown in Figure 2.6.1-2.
clarity, the deformations are greatly exaggerated. The maximum defomation is

0.042 i nch.

2.6.1.3 Stress Calculations The complete stress analysis for combined

loads was discussed in Section 2.6.1.2.

2.6.1.4 Comparison with Allowable Stresses The comparison with

allowable stresses was discuesed in Section 2.6.1.2.

2.6.2 Cold

The materials of construction for the packasing, including the lead,
carbon steel, overpack and the seals themselves are not significantly af fecteo

d by an ambient teueprature of -40*F.
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________ _ ________________ _ _____ - _ _ - __ - _ ___

O O O:

I STRE S BASE PLATES CASK B0DY PRIMARY LID SECONDARY LID
ELEMENT T

TYPE (o allow) INNER OUTER LOWER LOWER MID MID UPPER UPPER BOLT INNER OUTER INNER OUTER
(psi) INNER OUTER INNER OUTER INNER OUTER RING

MEMBRANE ELEMENT 51 62 95 118 159 126
J

I 3I ) 4365 6427 4360 6166 4407 6054s
E T

MEMBRANE
ELEMENT 51 50 119 118 159 158.

+
STIf61

| BENDING .
.

(34650 ) VALUE 6777 12034 4619 6315 16362 9844
* (psi)

SOLID MEMBRANE ELEMENT 3-4 39-40 167-172 237 187 247 250

1554 7489
(23100 ) 5310 590 1196 219 644

STIF25 MEMBRANE ELEMENT 4 34 169 204 191 276 242
+

BENDING

(34650 ) VALUE 2787 9289 3424 1096 1214 479 1126
(psi)

,

LOADING: 130 F Ambient + Pressure + 300 W Payload

Maximum Stress Intensities in Cask Regions

Table 2.6.1-1
m:a _ _ - _ - _ _
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2.6.2 Cold (continued)c
V

The cask must be ab'a to resist brittle f racture f ailure unt{er normal
conditions of transport ano hypothetical accident conoitions at'teinperatures
as low as -20*F per NRC Regulatory guide 7.8. Fracture-critical parts of the

cask include the 1-1/2 inch thick outer shell, the 3-1/2 inch thick eno plates
and lids, and the 3/4 inch thick steel inner shail. Note that according to
NuReg/CR-1875 (UCRL-53013), the bolts are not fracture-critical because they

are part of a redundant system.

Fracture toughness, then, is of concern only for the cuter shell, inner
shell, and the end plates, which are made from ASTM A516 grade 70 carbon
steel. For compliance with Category 11 fracture toughness requirements of

Nukeg/CR-1675, the nil ducti'ity transition temperature (TNDT) of this steel
must be less than the value aetennined by the equation:

TNDT = LST - A

where: LST = Lowest Service Temperature (= -20*F)

A = Yalue from Figure 2.6.2-1.

Entering the figure, the f ollowing values may be cetermined:

TThickness A NDT

|

| 1-1/2 -20 0*F
'

3-1/2 +5 -25'F

3/4 -20 0*F

Therefore, the nil ductility transition temperatures must be less than
-20*F for the outer and inner shell s, and -25'F for the end plates.

By cefinition, the NDT temperature is that temperature at which material
has 40,000 psi (in)1/2 of dynamic fracture toughness. The corresponding
required Charpy Y-notch test energy can be calculated by the following
equation from UCRL-53013:

2-110
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2.6.2 Cold (continued)

,

k = 5(C ) EID y .

(40000)2Cy = =11.0 f t.-l b.5(29 d )
The C value specified for both the eno plates and the outer shell is at '

y

least 12 f t-lb and the average of 3 test specimens is at least 15 f t-lbs at
-40*F,15* below the lowest required hDT temperature. Therefore, the oesi n3

is sufficiently ductile, over the lowest service temperature range, to prevent
brittle failure of the cask containment.

2.6.3 Pressure

The containraent vessel has been designed as a pressure containment vessel
for pressure well in excess of the 0.5 atmosphere referenced in 10 CFk 71,
Appendix A.3.

By inspection and comparison to the analysis shown in Section 2.6.1, the,

package can resist an internal pressure of 0.5 atmosphere without resulting
in change to its structural integrity.

2.6.4 Vibration

The package is an improved lineal oescenaent of a proven cask with well
over ten years of operational use in a transport environraent. This experience
demonstrates that vibrations nomally incident to transport will have no
ef fect upon the package.

2.6.5 hater Spray

Not applicable, since tl:e package exterior is constructec of steel.

ba
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2.6.6 Free Drop

.

The package weight of 74000 pounds means that the package ab,st be able to
~

survive a one-foot free f all drop onto a flat, unyielding surface without
reducing its effectiveness in withstanding subsequent accident conditions.
Using the techniques described in Appendix 2.10.1, the maximum accelerations
experienced by the package for a one-foot crop have been calculatea to be
those shown below:

Condition Acceleration (s's)

End 46.4

Si de 24.6

Corner 8.5

The stress (s resulting from these loaas have been found as a percentage of
those calculated for the 30-foot drop conditions based on the ratios of peak

accelerations. These stresses are summarized in the followins sections.

2.6.6.1 End Drop The ratio of stresses for the one-foot drop compared
te the 30-foot orop is 46.4/135.3 = 0.343. Maximum stress intensities are
summarized i n Table 2.6.6-1.
Stress intensities throughout the package are well below allowables. The
maximum stress intensity, 7742 psi, occurs in the bolt ring. This is also the
area with the lowest factor of safety:

2F.S. = = 3.8 6
8

2.6.6.2 Side Drop The ratio of stresses for the one-foot crop

conipared to the 30-foot drop is:

2* = 0.227
3 .3

Maximum stress intensities are summarized in Table 2.6.6-2.
O
O
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2.6.6.2 Side Drop (continued)
V

'

Stress intensities throughout the cask reraain well below allowables during
,

the side drop. The highest stress intensity is 11378 psi at the bolt in the
primary liri. The minimum f actor of safety, 3.05, occurs in the same aree.

2.6.6.3 Corner Drop The ratio of stresses for the one-foot drop

compared to the 30-foot drop is found as:

7fg0 = 0.112

Maximum stress intensities are summarized in Table 2.6.6-3.

Stress intensities are well below allowables throughout the cask. The
highest stress intensity, 5412 psi, occurs at the center of the secondary
lid. This corresponds to the minimum factor of safety,

34F.5. = = 6.4
5412

2.6.7 Corner Drop

Not applicable, since the package weighs more than 110 lbs.

2.6.8 Pene tration

Impact energies resultins from a 13 pound rod dropping from a heisht of 40
inches will have no significant effect on the exterior of the package. The
overpack fully protects both ends of the cask leaving only the central boqy
exposeo. The cask body is manufactured from 1-1/2 inch thick steel plate and
backed with over 3 inches of lead. The ends are 7-inch thick steel. No
valves, valve covers or fragile protrusions exist.

2.6.9 Compression
7

!

Not applicable since the package weighs more than 10,000 lbs.
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,. -

ELEMENT S5kSS BASE PLATES CASK BODY
'

PRIMARY LID SECONDARY LID-

TYPE TYPE

(c llow) INNER OUTER LOWER LOWER MID MID UPPER UPPER BOLT INNER OUTER INNER OUTERa
rpsi) INNER OUTER INNER OUTER INNER OUTER RING

Membrane Element 63 62 115 118 123 126

(23100) Value b 571 887 2483 2568 2270 2431

'

' Element

Membrane Element 51 54 115 118 159 126
'

STIF61 +

Bending Value

(34650) IPSI)
j/ 736 1319 2737 3012 3979 2609

N,

m Membrane Element 31-32 1-2 167-172 229 178 277 280

\ 2278 784 2160 1679 2310(23100) Val 429 699

Element

| Membrane Element 4 1 167 238 185 276 281

|STIF25 +

Bending

(34650) Value 1244 1750 4246 1656 2405 2070 5412
-(psi ) j/ \ xj ,

LOADING: 100 F Ambient + Pressure + 1-Foot Corner Drop + 100W Payload

Maximum Stress Intensities in Cask Regions

Table 2.6.6-3



[ 2.6.10 Conclusions

From the above assessment, under nonnal conditons of transport, the

package complies with the five criteria set forth in Section 71.'35 of 10 CFR
71, as follows:

e There will be no release of radioactive material from the
containment vessel.

e The effectiveness of the packaging will not be reauced.
e There will be no mixture of gases or vapors in the package which

could, through any credible increase in pressure or an explosion,
sign 1 1cantly reduce the effectiveness of the package.9

e Radioactive contamination of the liquid or gaseous primary coolant
will not exceed the limits specified in 10 CFR 71 Section 71.35.
(This requirement is not applicable since no coolants are involved.)

e There will be no loss of coolant. (This requirement is not
applicable since no coolants are involved.)

2.7 Mypothetical Accident Conditions

The package has been designed and the contents limited such that the
perfonnance requirements specified in 10 CFR 71.36 will be met if the package
is subjected to the hypothetical accident conditions specified in Appendix B
of 10 CFR 71.

To demonstrate the structural integrity of the cask and its ability to
withstand accident conditions, a set of comprehensive loading, stress ana
deflection analyses have been made, addressing each of the specified accioent
conditions. For the 30-foot drop analyses, loads were derived by computing
energy absorption of the foom overpacks ano the distribution of stresses over
the outer cask surface due to the overpacks. For the fire accident
conditions, temperatures throughout the cask were computea using a
lumped-parameter finite difference model of the cask. These loads were
applied to an ANSYS finite element model in order to find stresses ano

O deflections in the cask. Full descriptions of these analyses are contained in
b Appendix 2.10.1.
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2.7.1 Free Drop

Appendix L of 10 CFk 71 requires that the package survive a 36 foot drop
-

'

onto a flat essentially unyielding surf ace. The analytical methods used to
demonstrate this capability closely parallel the techniques used for past Type
B packages. Analytical techniques are completely described in Appendix

3Section 2.10.2.

As described in Section 1.2, the package features circular energy
These overpacks

absorbing overpacks surrounding each end of the cask body.
are designed to minimize damage to the cask body from 30 foot drops at any
orientation onto an unyielding surface. The analyses described in this
section demonstrate that these overpacks function as designed; the cask body

experiences no damage and incurs no stresses in excess of allowable levels.
This behavior under 30 foot crop conditions assures the complete effectiveness
of the cask closure features essential for preservation of package containment

i ntegri ty.

Using the methods of Appendix 2.10.1.1. , three drop conoitions f or the
package have been evaluated, i.e. , end, corner, ano side. Analytical values
of stress and deflection are combinea with appropriate analytical values oue

These combined results are then compared withto temperature and pressure.
applicable criteria to demonstrate compliance of the package with requirements
for hypothetical accident conditions.

2.7.1.1 Free Drop Impact, End Drop Of all the potential orientation
Thi s

angles, the end drop produces the largest package deceleration forces.

produces the worst case loading for lead slump.

For a thirty foot end impact drop, defomation of the overpack amounted to
3.61 i nches. This prediction employed the end drop analysis, described in

Appendix 2.10.2.1, and the energy absorbing foam properties of Figure 2.3-1.
Results of the analysis are shown in Table 2.7.1-1. A peak deceleration of

135.3g was calculated.

O
-
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2.7.1.1 Free Drop Impact, Ena Drop (continued 0

Detailed cask stress calculations were made using the cask finite element
model discussed in Section 2.6.1. See Figure 2.6.1-1. The stress'es

associated with an end impact deceleration of 135.3 's were combined with9

maximum nomal tenprature and pressure stresses, as outlined in NkC
Regulatory Guide 7.8. Maximum stress intensities are summarized in Table
2.7.1-2.

Stress intensities throughout the cask are well below allowables, with the
maximum stress intensity of 22575 psi occurring in the bolt ring at element
167. This is also the area with the minimum f actor of safety, 2.81, due to
membrane stress.

;

The minimum f actor of safety for buckling occurs in eleinent 127, where the
axial membrane stress is -8183 psi ano the hoop membrane stress is 1346 psi.
These are comtained, accoraing to the techniques described in Section 2.1.2.1,
to yielo a buckling stress intensity of 9529 psi. Thus, the factor of safety

,

for buckling is'

F.S. = h = 4.51
For considering Euler buckling, the axial force is due to the inertid of

the cask end plus one overpack. The weight of these two items is 11070 lb.
(see Section 2.2). Thus, the inertial load will be (135.3)(11070) = 1.5 x

6 910 l b. This is less than the critical load of 9.8 x 10 lb. (see Section
2.1.2.1, Euler Column Buckling), therefore, the cask will not fail by column
buckling.

A plot of the elastically defomed cask is shown in Figure 2.7.1-1. For

clarity, the aefomations are greatly exaggerated. The maximum aefomation is
. 0.077 inch.
i

|

O
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2.7.1.1 Free brop Impact, End Drop (continued 0

.

(1) Lead Slump
5Historically, lead slump in shipping casks due to the 30 foot crop

accioent condition has been analyzed using an equation presented by

L.B. Shappert in ORNL-hSIC-68, " Cask Designers Guide," as follows:

" (1)Ah = 2 2
(R -r )(t 's+R Pb)s

where ah = change in height of lead (i.e., lead slump) (in.)

R = radius of outer steel shell of cask (in.)
W = total weight of cask (ib. )
H = drop height (in.)
r = radius of inner steel shell of cask (in.)

= thickness of outer steel shell of cask (in.)t
s

= yield strength of outer steel shell of cask (psi)o g

Pb = dynan.ic flow pressure of lead (psi)

The development of this equation was presented by B.B. Klima, L.B.

Shappert and W.C.T. Stoddart in ORNL-Th-1312, Vol. 6, "Structt.ral
Analysis of Shipping Casks, Vol. 6 - Impact Testing of a Long
Cylindrical Lead-Shielded Cask hodel." The basic approach used in
their analysis of lead slump was to equate the kinetic energy of the

Thefalling task to the strain energy required to cause lead slump.
strain energy of lead slump was composed of two parts: that energy
required to defonn the lead and that energy required to deform the
outer steel shell of the cask to provide a volume into which the lead

could flow.

In computing this energy balance, it is important to note that Klima,
et. al., used the entire weight of the cask in computing the kinetic
energy to be dissipated by the straining of the lead. Implicit in this

method is the assumption that the non-lead components of the cask

(e.g., steel shells and end closures, and the payload) can somehow
transfer their kinetic energy to the lead, or that these components
represent a negligible part of the kinetic energy, comparea to the
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2.7.1.1 Free Drop Impact, Eno Drop (continueo0

iOV leaa. This is not generally a reasonable assumption. hevertheles s , ,,

'

two comparisons, of lead slump predicted by the equation wer"e maae with
measured values obtained by dropping scale raodel casks. These

comparisons showed that the precicteo le6d slump was 60-86 per cent of
the measured values. Based on these comparisons, the conclusion was |-

Iforawn that the equation gave a reasonable preoiction of leac slump.
the more reasonable assumption is made that only the kinetic energy of
the lead is to be used in coraputing lecd slump, in comparison with the
same two tests, the equation predicts lead slump to be 60-65 per cent
of the measured values. These are not acceptably close enough to the
measured values to be considered adequate predictions of lead slump.

Thus, the equation historically used to predict lead slump is
unacceptable because of erroneous assumptions made in its derivation.
Even if these assumptions are corrected, it is still unacceptable due
to lack of agreement with test values. While the equation was known
not to apply to casks with energy absorbers, it has, in the past, been
used to predict an upper bound worst case lead slump for casks so

The equation is not even adequate for that purpose, ano, forequipped.
the reasons outlined above, this equation is not used to predict lead

slump in the Ch5 8-120B cask. Instead, lead slump is derived directly

from the finite element model useo to compute stresses ano deflections
in the cask for the end arop analysis. Frora that analysis, lead slump
is predicted to be 0.10 inch. This agrees well with test results of
other type B packages using foam overpacks, in which no measurable lean
slump was found. No bonding was assumed between the leaa and the steel

shells in evaluating lead slump.

Behavior of the overpacks during
2.7.1.2 Free Drop Impact, Side Drop

side drop conditions has been evaluated using the analysis described in

| Appendix 2.10.1.1. Results are shown in Table 2.7.1-3. A peak acceleration

I of 108.39 was calculated.
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2.7.1.E Free Drop Impact, Side Drop (continued)
i

Detailed cask stress analysis was perfomed using the finite element model,

'

described in Section 2.6.1.2. See Figure 2.6.1-1. The stresses a'ssociated

with the 30-foot side drop were combined with nomal themal and pressure

haximum stress intensities are summarized in Table 2.7.1-4.stre sses.
Stress intensities are well below allowables throughout the cask during

the 30-foot side drop. The highest stress intensity, 50125 psi, occurs in
element 183 at the bolt in the primary lid. This is also the area having the
minimum f actor of safety,1.46. This high stress intensity is due to a racial
compressive stress which is developed because of the radial coupling of the
lid to the bolt ring at the bolt location (kodes 334 ano 365). This was done
in order to detemine bolt forces and, hence, bolt stresses. However, this
results in unrealistically hish stresses in the lid because the lio anu bolt
design are such that radial compressive fortes will be reacted by bearing
between the cask wall and the lower plate of the lid. Actual stresses in this
area of the cask will be substantially lower (below yield) than this analysis

indicates.

O For clarity, the
A plot of the defomed cask is shown in Figure 1.7.1-2.

defomations are greatly exaggerated. The maximum defomation is 0.064 inch.

(1) Side Drop, Lid Bolt Forces
The loads required to hold the primary and secondary lids in place

The fortes ofwere computeo using the AhSYS stress analysis model.
,

the bolts were computed in the axial (tensile), radial (shear) and
hoop (shear) directions. The lids and bolts are designed so that
radial " compressive" forces are reacted by bearing between the

primary lid and the cask body and between the secondary lid and the
Because of this, only radial " tensile" forces are usedprimary lid.

in computing bolt stresses. Radial " compressive" forces are those
which tend to drive the bolted parts tosether in the racial
direction, while radial " tensile" fortes are those which tend to

These forces wereseparate the bolted parts in the radiol direction.
converted to coordinate stresses by dividing by the bolt stress area
(2.77 in f or 2-8 UN bolts) . Principal stresses anci stress2

intensities were then computed based on these coordinate stresses.
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2.7.1.2 Free Drop Impact, Side Drop (continued)
d

The resulting stress intensities, as functions of angular' position of
'

the bolts, are shown in Figures 2.7.1-3 and 2.7.1-4 for the primary
bolts and secondary bolts, respectively. The angular position is
measured around the circumference of the cask with zero degrees

corresponding to the vertical downward direction. The highest stress
intensity was found to be 123 ksi, and the resultent saf ety f actor,
based on yield, is

F.5. = h = 1.06

2.7.1.3 Free Drop Impact, Corner Drop An energy balance analy sis,

described in Appendix 2.10.1, was used to predict loads on the cask durf % tL
corner drop. The angle of the cask with respect to the impact surface was
chosen so that the center of pressure at full defomation was directly beneath
the cask center of gravity. Because none of the drop energy is convertec to
rotational energy of the cask, this is the worst case. Results of the
analysis are shown in Table 2.7.1-5. Peak acceleration was calculated to be

76.19's at a defomation of 15.39 inches.

A detailed cask stress analysis was perfomed using the finite element

model described in Section 2.6.1.2. See Figure 2.6.1-1. The stresses

associated with a corner drop acceleration of 76.1 's were combined with9

normal themal and pressure stresses, as outlined in NkC Regulatory Guide
7.8. hoximum stress intensities are suonarized in Table 2.7.1-6.

I Stresses in the cask are well below allowables during the 30-foot corner

drop. The highest stress, 46449 psi, occurs in element 281 at the center of
the seconddry lid. The minimum factor of safety occurs in this area and is
equal to 1.44.

Buckling was evaluated according to the techniques described in Section

2.1.2.1. The minimum factor of safety for buckling was found to occur in the

| inner shell near the bolting ring, at element 163. The axial membrane stress
was -27030 psi and the hoop membrane stress was 7857 psi. The corresponding
buckling stress intensity is 27030 psi, and the minimum factor of safety is
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C A 2 k. GEOMETRT
CAIK ID C-120 L La 366.4 iIy';Et**2)

(FCV) --
'

))))))) F' AOK AGE (0!Er CORRECTION FACTOR TABLE: ITANDr#D )

WEIGHT (LB) W 74000 .

DUTEF: DIAMETER (IN) PCD 73.5
LENGTH (IN) LC 89
DROP HEIGHT (FT) H 30
CG (CAIK BTM) (IN) LCG 44.5
MOMENT INERTIA ICG (LB KECes2 INCHEI)

)) DVP HATERIALI TOP. CNII_1-436-tt2-25 BTM: CNJI_t-436-11'2-25
REF UFFER LOWER

INNER DIAMETER DID 50 5~ (ALL VALUES IN
DUTER DIAMETER 00D 96 96 INCHEI)
INNER THICKNESK LI 18.5 18.5
OUTER THICKNESS LO 36.,5 36.5

"

CAKk DR0P R E I '. L T 5: 82/09/08 16:38:05

CORNER DROP METHOD 2
(q

~ ~~~~~ ~

ku- ~~~h[~IK8-120 D ERF*ACK CN3!_ 436-112 25
............ ........................

ALPHA: 149.20
ITERATION TIME DEFLECTTON ACC FORCE E(ABS)

TOP DOWN 71 .0401 | 15.393 | -76.1 | 5704910. 27777556.

CORRECTION FACTORK
1: 1 1 1 1 1

6: 1 1 1 1 1

11: 1 1 1 1 1

TO IEE DETAILI 0F KPECIFIC ITERATIONJ, ENTER
THEIR NUMBERJ (4 AT A TIME):

.

..

.

i
:

, '
Table 2.7.1-5

s

%

.
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2.7.1.3 Corner Drop (continued)

.

42943F.S. = g = 1.59 '.

A plot of the defomed cask is shown in Figure i.7.1-5. For clarity, the

defomations are areatly exaggeroteo. The maximuni defomation is 0.042 inch.

(1) Corner Drop, Lid Bolt Forces
The loads required to hold the primary and seconaery lios in place
were computed using the AkSYS stress analysis model. The fortes of
the bolts were computea in the axial (tensile), radial (she6r) ana
hoop (shear) directions. The lids and bolts are designed so that
radial " compressive" forces are reacted by bearing between the
primary lid and the cask body and between the secondary lid and the
primary lid. Because of this, only radial " tensile" forces are used
in computing bolt stress. Radial " compressive" forces are those
which tend to arive the bolted parts together in the radial
direction, while radial " tensile" forces are those which tend to

" separate the bolted parts in the radial direction. These forces were
converted to coordinate stresses by dividing by the bolt stress area

2(2.77 in for 2-8 UN bolts). Principal stresses and stress
i intensities were then computed based on these coordinate stresses.

The resulting stress intensities, as functicas of angular position of
the bolts, are shown in Figures 2.7.1-6 and 2.7.1-7 for the primary
bolts and secondary bolts, respectively. The angular position is
measured around the cin;umference of the cask with zero degrees'

j corresponding to the vertical oownward airection. The highest stress
intensity was found to be 113 ksi, and the resultant safety factor,
based on yield, is

F.S. = = 1.15

i

As a rough check on these calculations, a second calculation of lid
;

bolt fortes was perfomed, as outlined below.

1

.
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2.7.1.3 Corner Drop (continueo)

V
Assume the cask is to be dropped at an angle such that the cask

'

CG is above the inipact point. Then f ortes on the lia (except
bolt forces) will be as shown schematically in Figure 2.7.1-8.

Symbols used are t. fined as follows:

= angle of cask with horizontala

F = total inertial force of payload in axial direction
p

(distributed over lid area)
F = total cask inertial load in axial direction (distributed

c
as a ring load at the lid circumference)

F = impact load
1

F = total lid inertial load (distributed over lid volume)
L

For the purpose of detennining lid bolt forces, the cask inertial
torce, F , can be conservatively neglecteo. F tends to reduce

c c
the bolt tensile loads, therefore neglecting it will result in higher

s

bolt loads than if the effects of F are consicered.c

Due to the manner in which loads are applied to the lia, the lio will
tend to rotate about the impact point. If the lid were to rotate as
a rigid body, bolts near the point of impact would experience little
or no tensile force, but, as the bolts get further from the point of
impact, the tensile forte in the bolts will increase. Thus, one
might take bolt f orces to be proportional to distance from the impact
point. However, there is a second effect at work here. Refer to
Fi gure 2.7.1-9.

As distance from the impact point increases, the width of plate which
must be supported by each bolt changes. First the plate width
increases to a maximum equal to one-half the diameter of the lid and
then decreases to a minimum at the side opposite the impact point.

Because the loads imposed on the bolts are inertial, they are
proportional to lid area. If one assumes that the area of plate to

be supported by each bolt is proportional to the width of plate to be

2-139
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2.7.1.3 Corner Drop (continued)

'

supported by each bolt, then bolt forces are proportional to plate
"

width at each bolt location.

These two eff ects, oistance f rom impact point arid plate wioth, can be

combined by taking the load on each bolt to be proportional to
distance times width.

The expression for this proportionality factor will now be derived
for a lid having n bolts, where n is an even integer.

Refer to Figure 2.7.1-10. For n bolts evenly spaced, the angle

between adjacent bolts is:

h8 =

Then, the angular location of bolt i is

(i-1)s 11 i I (n/2) + 1e =j

Note that, due to considerations of symmetry, only bolts having

0ie13 are consicered. In computing bolt forces, this will be
compensated by multiplying the appropriate ter1ns by two in order to
account for the opposite bolts.

For bolt 1:

x'i= Rcos(ej - 3/2)

= Rsinej

y 't= Rsin(ei - ,/2)

= -Rcosej

2-XiAj = 3 R$-Yi

h8 - R cos2ei - Rsinei2=
3

2-14 2
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2.7.1.3 Corner Drop (continued)

~

To translate to a coordinate system with origin at the point of impact
_

X=X'

y=y'+R g

Tien

xi = Rsinet

y1 = Ro - Rcoset

R$ - R cos2ej - Rsinei2aj =

The weighting factor for a given bolt is

ki = yj (xi + aj)

R$ - R cos2ej2= (ko - Rcosej)

.

" ,Ro - Rcos[(1-1) 21/n]' s h8 - k cos2[(1-1) 23/n]2
,

for 1 1 1 1 (n/2) + 1
The force on bolt "i" is given by

Fi = ki Fn

where

Fn = a nominal bolt f orce

By forte balance,

n

r Fi=FT
i=1

where FT = total applied lid force
(Refer to Fig. 2.7.1-8)=FL sina + Fp

However
n n/2

k]I Fj = Fn[k1 + kn/2 +1 + 2 I i
i=1 i=2

Then F '

T,

n n/2
k2 + kn/2+1 +2 I ki

i=2
2-14 4
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2.7.1.3 Corner Drop (continued)

The maximum bolt force will correspond to the maximum k a}nd

F ,3x =k Fmax n

This is the maximum tensile force in the lid bolts ano will result in
a tensile bolt stress. The maximum bolt stress will be a result of
this force plus the shear force in the bolts. If it is

conservatively assumed that the bolts resist the shearing forces
between the lid and cask body, then the shearing f orce in each bolt,

assuning the fon:e is evenly divideo amongst the bolts, is

Fs = _Wc(a)cosa_

n

where

W = total weight of cask minus weight of lid and one overpack
c
a = acceleration in g's (vertical)
a = angle of cask to horizontal (kef to Fig. 2.7.1-8)
n = number of lid bolts

This bolt shear force will result in a bolt shear stress which must
be considered in conjunction with the tensile stress previously
computed to detennine the principal stresses and stress intensity in

the bolt.

The following values apply to the 8-1206 primary lid bolts:

n = 32 bolts
R = 36.75 in.o
R = 34.125 i n,

= 34'a

F = 7420 lb. x 76.19's = 564662 lb.
L

F = 14050sina x 76.19's = 597892 lb.
p

!

O
2-145

___ _ _. _ _ _ . ..



} 2.7.1.3 Corner Drop (continued)

.

Then the values of k are as follows: .

.

i k i k

1 35.80 10 1568.83

2 49.79 11 1711.01

3 98.62 12 1753.83

4 195.63 13 1667.49
5 349.80 14 1521.01

6 560.10 15 1289.32

7 813.82 16 1065.78

8 1087.60 17 966.73
9 1350.56

and

hO
16

k i + kl7 + 2 I ki = 31109
L =2

kmax = 1753.63

FT = 564662sint34*) + 597692

= 9.14 x 105 l b.
*

!

So that

g,14 x 105
F
n " 31209

= 29.29
Then

Fmax = (29.29)(1753.83)

= 51363 l b.

Al so ,

W = 74000 - 7320 - 3750c

() = 62930 lb.

2-146
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2.7.1.3 Corner Drop (continued)

.

and )
.

(62930)(76.1)cos34* j
p , '5 32

= J 24070 l b.

2
For a 2-6 UN bolt, A = 2.77 in , therefore

3

o= = 18543 psi

= 44791 psi' shear " 2
The corresponding principal stresses are

81 = 55 ksi

o2 =-36.5 ksi

o3 = 0

and the stress intensity,

51 = 55 + 36.5 = 91.5 ksi

Therefore

Safety Factor = h= 1.42

Using two different analytical techniques, it has been shown thut
stresses in the lid bolts will remain below yield auring the 30-foot
corner drop accident conditions.

2.7.1.4 Oblique Drop Figure 2.7.1-11 illustrates tl.e position of the
package at the beginning of the oblique drop. An analysis of oblique drops is
presented in Appendix 2.10.1.4. The analysis indicates that for a package
with a diameter approximately equal to its length, there i s no slapdown
effect. That is, the impact is not more severe than a side drop.

Since the diameter of the package impact limiter is 96 inches ano the1

overall package height is 126 inches, the oblique drop is not more severe than
\ the side drop, as shown in the oblique analysis.

2-147
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2.7.2 Pu ncture

O IIIThe Nelms puncture relation is given as:
:

t = (W/S)0.71

where: t = shell thickness = 1-1/2 inches
k = cask weight, lbs.
5 = ultimate tensile strength of outer shell

= 70000 psi

The package weight causing puncture is:

9 , 3t .4l

The corresponding weight to cause puncture of the 1-1/2 inch outer shell is:

= (70000)(1.5)l*4 = 123488 lbs.W
s

The actual package weight is 74000 lbs; therefore, the factor of saf ety
for puncture resistance on an ener9y basis is:

F.S. = 123488 = 1.677qgg9

When the package impacts the puncture pin, the force imposed upon the
7

l package is estimated as:

;

F =k A
y 3 g

= Dynamic flow pressure of steel = 45,000 pst(2)k
s

|

|
R = Pin diameter = 6.0 inches

c

= { (Rc) = { (6.0) = 28.27 in.2AI

(1) Shappert, L.B., " Cask Designers Guide", OkNL-NSIC-68, Page 18.

(2) Shappert, L.B. , " Cask Designers Guide", ORNL-NSIC-68, Page 64.
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2.7.2 Puncture (continued)
OV

F = (45000)(28.27) .

1 ~

6= 1.272 x 10 lbs.

This force induces a moment at the miosection of the package. The mor..ent

is estimatea as:

6 6
h = tT~ , (1.272 x 10 )(89)Fi = 14.2 x 10 in-lb.

8

Using the section properties from Section 2.5.1 to calculate stresses
gives a bending stress of:

7

T * (1.42 x 10 )(36.75)
Mc

*ob 1.134 x 105

ob " 1 4602 psi

Conservatively assuming that the compressive and tensile stresses occur at
the same location, the stress intensity is 9204 psi and the factor of safety

;/
\ is:

F.S.=h2=7.6
To evaluate the ability of the cask to withstand puncture from u 40-inch

eno crop onto a 6-inch diameter pin, the end of the cask will be treated as
'

two simply supported plates with a central load. Since the eno is comprised
of two 3.5-inch thick plates which must have identical deflections, the ener9)

j

|
of the crop will be civided evenly between the two plates.

|

Ref. 4, p. 415 gives the following equation for the deflection of a
centrally loaded circular plate:

"f + A ("f) = B ( )

I where:
;

w = deflection at center of plate, in.
o
h = plate thickness, in.
P = central load, Ib.

E = elastic modulus, psi
2-150i
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2.7.2 Puncture (continued)

O.

a = plate radius, in. ,

*

= 0.272)A

= 0.552)J f r simply supported plate, Ref. 4, p.416B

The defomation energy can be found from
6

l Powu=g o

Eh4 62 A64

{2 2h b
This can be equatea to the drop energy, WH/2, to fird the central

aeflection:

1 1 Aba2 WH

5 \ h2 Eh7 I'62= A
32h

Ref. 4, p.415, gives the following equations for the maximum membrane anu
membrane-plus-bending stresses:

membrane:
2 2

oy = a E 6 /a

membrane-plu s-benai ng:

2 = BE 6h/a

For
:
'

h = 3.5 i n.
6E = 29 x 16 p39

a = 31 i n.
W = 74000 lbs.

H = 40 in.

I a = 0.407
Ref. 4, p.416

| 8 = 0.606

O'
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2.7.2 Puncture (continued)
.

Then ',

6 = 0.793 i n.

og= 7728 psi
o2= 50771 psi

The minimum factor of safety is

F.S.= = 1.38

2.7.3 Themal

2.7.3.1 Summary of Pressures and Temperatures

The maximum temperatures and pressures resulting from the hypothetical

accident conditions, presented in Section 3.5.3 and 3.5.4, are summarize 6
below:

(1) Maximum Containment Vessel Pressure = 19.2 psig

(2) Temperatures:
Cavity (Inner Shell) = 366*F

Outer Surface = 492*F

|
Lead Shielo = 359'F

Seal Area:
! Primary Lid = 178'F
l

Seconaary Lid = 224*F

2.7.3.2 Differential Them41 Expansion Differential thermal expansion

between the two shells of the cask ano the lead shield, along with temperature

gradients in the cask, produce significant stresses. Stresses have been
assessed by use of the finite element models discussed in Section 2.6.1; see
Figure 2.6.1-1.

2.7.3.3 Stress Calculation Stress calculations for pressure and
themal loads were perfomed using the conditions summarized in Section

2.7.3.1.
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2.7.3.4 Comparison with Allowable Stresses The results of the stress

analysis are summarized in Table 2.7.3-1. All stress intensities throughouts-

the cask remain well below allowables during the fire accident. The highest
stress intensity occurs in the inner shell near the top, where the' stress
intensity reaches 47385 psi. This corresponds to a factor of safety of 1.46,
which is the lowest value for this load condition.

A plot of the deformed cask geometry is shown in Figure 2.7.3-1. For

clarity the deformations are greatly exaggerated. The maximum deformation is

0.166 i nch.

2.7.4 Water immersion

Not applicable, since no fissile materials are to be carried in the cask.

2.7.5 Sunmary of Damage

The structural intebrity of the hodel CNS-8-120b Package has been verified
i fg
| \s / for hypothetical accident conditions.

Damage to the package that results from the hypothetical accident

condition is:

t

(1) Impact limiters crush during the 30 foot drop condition. Cask
stresses are less than those prescribed by NkC Regulatory Guide

7.6.

|
(2) Small local deformations to the external shell may result durin9

the 40 inch puncture condition. There will be no loss of
shieloing and the containment vessel will not be deformed.

(3) Presence of the overpacks limits temperatures in the containment
vessel walls to less than 360*F. and internal pressures to 19.2

psig. Geometry and temperature integrity of the seals are
maintained.

O|

|

-

i
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Element Stess Base Plates Cask Body Primary Lid Secondary LidType Type
#

( gj" Inner Outer Lower Lower Mid Mid Upper Upper Bolt inner Outer Inner OuterInner Outer Inner Outer inner Outer Rino

Element 59 46 91 122 159 126
Shell Membrane -

(49000) p ) 24121 16736 29374 12394 24185 13666
.

,

STIF61
ElementMembrane 59 66 91 122 159 12 6

'

+

Bending

'7 ( 0000) Value 31306 22476 30180 19269 47385 22218ig fpsi)

n 27-28 33-34 W- U2 2 181 277 2%Solid Membrane

I
(49000) s) 26295 29632 26000 10543 15423 15796 11366

; STIF25
/

fiembrane Element 23 25 167 236 191 270 242+

Bending
* *

(70000) Value 22025 41455
(psi) 20066 12549 20939 10008 20768

LOA 0 LNG: Thermal Accident: } hour a fter start of fire
includes 100W payload & internal pressure
Maximum stress intensities in cask regions

Table 2.7.3-1
_ _ - - _ _ _ _ _ _ _ _ - - - _ _ - _ -
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2.8 Special Form
:
.

'

Not applicable since no special form is claimed.

| 2.9 Fuel kods

:

i Not applicable, since fuel rods will not be part of package contents.

I
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2.10 Appendix

. .

2.10.1 Analytical hethods
.

This section briefly documents the anolytical methods used to demonstrate
compliance of the package with applicable provisions of 10 CFR 71 under nomal
and accident conditions. 2.10.1.1 deals with the calculation of forces
imposed upon the package when subjected to drop events. 2.10.1.2 discusses
the verification of the analyses described in the first subsection. 2.10.1.3
describes the ANSYS finite element analysis employed for detaileo evaluation
of package stresses under nomal and accident conoitions. 2.10.1.4 contains
an analysis showing that the side drop is worse than an oblique drop for this
cask. 2.10.1.5 presents the results of the thermal analysis for 4 106*F
ambient condition.

2.10.1.1 Overpack Defomation Behavior The package is protected by

foam-filled energy absorbing end buffers, called overpacks. For purposes of
analysis, the overpacks are assumed to absorb, in plastic defomation of foam,
the potential energy of the drop event. That is, the analyses assume that
none of the drop potential energy is transferred to kinetic or strain enern
of the target (the " unyielding surface" assumption of 10 CRF 71) nor strain
energy in the package boay itself.

There are three orientations of the package with respect to the impact
surf ace where an evaluation is made of impact forces and stresses. These

three orientations are:

e End Drop - on the circular end surf ace of the overpack.

e Side Drop - on the cylindrical side surface of the overpacks.

e Corner Drou - with package center of gravity directly above the center
of pressure of the fully-defomed overpack.

O
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2.10.1.1 Overpack Defomation Behavior (continued)

O For these three orientations, the prediction of overpack behavior can be
#

approached from straightforward energy balance principles:
6

E = k(h + 6) = I F dx Equation I
x

o

Where: W = Package weight

h = Drop height
6 = haximum overpack defomation

F = Force imposed upon target and package by the overpack at
the oeflection equal to x.

The lef t-hand term represents the potential energy of the drop. The right
hand term represents the strain energy of the defomed overpack.

Each of these three orientations is treated by an individual analysis
All threereflecting the differing geometric characteristics of each event.

O employ common energy balance techniques to assess maximura overpack
V defomations, along with a common description of the crushable energy

absorbing foam.

This f oam exhibits a stress-strain plateau of nearly constant stress up to
a total strain of 40-60 percent. Above this strain value, pronounced strain-
har6ening effects commence, reflecting the coll 6pse or consolidation of the

foam cell s. Accordingly, a tabular definition of foam stress-strain relations
This tabular oefinition is takenis employed in each of the three analyses.

directly from measured properties and accurately reflects the strain
haroenin3 behavior of the f oara up to strains of 75-80 percent.

This discussion of these three analyses proceeds from the geometrically

simple (end drop) to the most complex (corner drop).I

(1) End Drop
The force produced by the overpack is

O
V
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2.10.1.1 Overpack Defomation Behavior (continued)

EquationIk.F= r. Aj o(cj)
-

i

the area of a given region of the overpack (e.g., that
where A9=

region which is beneath the cask, or, that annular
region which is outside the cask)

a(cj) = the foam crush stress at strain ej

cj= the strain corresponding to area Aj
x/1= j

x= defomation
undefomed length of overpack region correspunaing toI 9=
area A j

The end drop analysis perfoms the calculations oescribed by
equations (I) and (II) by making incremental changes in the
deflection until the ener3) balance of equation (I) is satisfieu. At
this point the results are printed in tems of deflection, force,
acceleration, and elapsed time. Elapsed time is computed based on

the following equations:

akE = 1/2 m (av)2

where AKE = kinetic energy increment
= strain energy increment of defomation of overpack

m = total cask mass
av = velocity increment

and F at = m av

where F = total force applied to cask

at = time increment

Total elapsed time for the impact is then the sum of at for all
deflection increments.
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2.10.1.1 Overpack Defomation behavior (continued)
D
b .

(2) Side Drop *
*
.

The side drop analysis differs from the end drop solution only in the
fact that both defomation and strain vary from point, to point and
that the total force at a given crush depth must be found by
geometric integration over these points. The details on this
geouetry are f ound in Figure 2.10.1-1. For each incremental

defomation value, the fome is found as:

x
max

a(e ) dxF=4I1
9 7 x

i o

j = ef fective length of an overpack for region iwhere: I

x = Lr - (r3 - 6)D Mmax

x)= tabular definition of foaa stress-strain propertieso(c

= the foam strain at location xe x

The computation of strain f or each region of the overpack (i.e. ,
various " backed" and " unbacked" regions) is calculated as

Crush Depth
,x , Original Thickness

In general, the expression for e varies with the region unterx

consideration and is a function of x.

(S) Corner Drop

The corner drop analysis is like the side drop analysis except that 4
two-dimensional geometric integration is required to assess the

overpack crush f ome at each defomation. A cetailec explanation

f ollows.
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r2= Overpack Inner Radius

r3= Overpack Outer Radius
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| Figure 2.10.1-1 SIDE DROP GEOMETRY
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2.10.1.1 Overpack Defomation Behavior (continued)

The corner drop analysis treats the corner impact of a cylindrical

package upon an unyielding surf ace. The packase itself consists of a
cylindrical payload portion surrounded by a larger cylindrical volume
composed of a crushable media. The analysis was developed

specifically to address problems of large defomations of this
crushable mecia and to analyze geometries where the cylinarical
overpack envelope possesses axisymetric cylindrical voids (e.g. does
not completely cover the cylindrical ends of the payload package).

The large defomation behavior of the crushable media is accommodated

by detemining the actual strain of the crushable meaia at a point.
This strain is used to detennine the corresponding stress from the

The total
tabular definition of media stress-strain chcracteristics.
crush forte is found by a double integration over the contact area of

the crush plane.

O Strain energy absorbed by the crushable media is determined by
Theintegrating the crush forte and its associateo defomation.

package is assumed to be at " rest" when the coniputeo strain energy
value equals the applied drop energy.

The geometric calculations for the contact surf ace and the associated
strains are carried out using the (xCL' #CG' #c6) coordinate

See
system in which the x-y plane is projecteo onto the crush plane.

Fi gure 2.10.1-2. The crush plane itself represents a segment of an
The contact area is this ellipse segment, provided noellipse.

cylindrical end void exists. When a cylindrical eno voiu exists, the,

'

contact area of the crush plane is reduced by the removal of a second

elliptical region associated with the projection of this void into
the contact plane.

O
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2.10.1.'1 Overpack Defomation Behavior (continued) i

*iCalculation of strain is somewhat more complex. In princi. pal, the

distance from point (x G' YCG) in the crush plane to the payloadC
Similarly the distances to theCG is found and denoted, zpp.

undefomed external and internal overpack surfaces are found and

denoted as 2 and zyg, respectively. The strain represents i
0UT

defomation divioed by original thickness or:

ZOUT ZIMP
,,

z0bT- ZIN

At any point (xCG' JCG), the calculation of zgg may follow
three branches, according to location. The three branches relate to

the payload surf ace intercepted. They are:

e The Cirtular Bottom of the Payloaa
The bottom of the payload cylinder describes an ellipse in the

i crush plane. If (xCC' YCG) is insioe this ellipse, the point
' is considered " backed" by the bottom of the payload. An exception

to this general statement is noted in the discussion of the
" Unbacked Region" below.

The Cylindrical Surface of the Payloade

The cylindrical surf ace of the payload describes a rectangular
region (with elliptical ends) tangent to the payloao bottom
ellipse at its major axes. If (xCG' JCG) is outside the
bottom ellipse, yet inside the rectangular region, the point is
considered " backed" by the payload cylinder.l

e Unbacked Regions

Unbacked regions are of two f orms - those associated with the
cylindrical end void and those near the external surface of the
overpack. The unbacked region associated with the end voic is a

point in the crush plane which lies within the ellipse defined by
the void circle lying in the plane of the payload bottom. The
unbacked region associated with points near the overpack
extremities is defined by those points (xCG'YCG) where the y
coordinate exceeds the radius of the payload volume or lies
outside both the rectangular region and the bottom ellipse.
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2.10.1.1 Overpack Defomation Cehavior (continued)

The calculation of zGUT, the oistmce to the outer undefomeufoyerpack
surface, may follow two branches. Thes'e branches correspond to in'tercepts
with either the cylindrical surf ace of the overpack dr the circular end of the

' '

overpack.

\
The analytics describing the geometry discussed above consist of the

sequential app}icatiori of a' series of geometric transfomations,of surfaces i
described in the cooroinates of the cylindrical package (xCG' #CG'

'

zhg) to t6e projected coordinates, (xCG' 70G' 2CG) in the contact
plane. The surf aces in package coordinates are:

e Overpack Cylinder i
'

1

'2 '2 1 2
0

*CG * YCG " T 0D 0 '

e Ovemack Bottom Circle

1 2
'2 * T 0D

'2 0
*CG * YCG

zhg=-(LCG+L)y
'e Payload Cylinder
/

i
*CG + YCG " T D ,

.

(

e Payload Bottom Lircle

'2 '2 1 2
P

*CG + YCG " T OD
t..

I ,

2CG " CG
-

t

.

e Void Circle at Payload ;

\
'2 '2 1 2

O
*CG #YCG *T ID !

' )
'

* CG " -lCG
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2.10.1.1 Overpack Defomation Behavior (continued)

.

o Void Circle at Overpack Exterior -

,
.

'2 '2 1 2
*CG * YCG *4 O ID

G"~ CG * ll)
2.10.1.2 Verification of Drop Load Analyses The verification of

Chem-Nuclear's drop load analysts took two foms:;,,

(1) Cor..parison of analytically predicted def omations with measurec.
defomation of the overpacks of the CNS 1-13CII cask (test results

' are reported in the CNS 1-13CII SAk, NkC Docket ho. 71-91M/h), ano

(2) Comparison of the results of Chem-Nuclear's analysis with those
obtained by feuclear Packaging, Inc., for their previously valtoateo
and well-accepted analysis as used in licensing the CNSI 1-13CII cask.

E' The results of these validation comparisons are shown in the Table 2.10.1-1.
'

2.10.1.1 Finite Element Analysis The stress analyses of the cask for
thermal, pressure, and drop conditions were done using AN5YS finite element
models. The loads applied were taken from the impact and themal analyses
described elsewhere in this document. The geometry of the cask was moceled
using axisymmetric hamonic elements, so as to allow the non-axisymetric
loading conditions which occur in the side and corner drop analyses. The
loads were applied as nodal forces, elemental pressures, nodal and elemental
temperatures, and whole-body accelerations.

(1) Hamonic Elsnents
In AASYS, hamonic. elements are elements having axisymmetric geouetry

with the capability of non-axisymetric loading. These elements
allow a less complex model than woulo be requireo for a full
three-dimensional analysis while allowing realistic loading

' conditions.s

(
\
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i

DROP ORIENTATION DROP TEST RESULTS CNSI l-13CII ANALYSIS RESULTS CHEM-NUCLEAR ANALYSIS RESULTS
AND HEIGHT

DEFLECTION DEFLECTION ACCFLERATION DEFLECTION ACCftFRATION

i End - 2 ft. N/A 0.69 in. 62.2 g 0.81 i n. 6').4 g

End - 30 ft. 4.46 in. 4.46 in. 95.56 g 4.37 i n. 102.8 g

I '?

k Side - 2 ft. N/A 1.70 in. 28.3 g 1.91 i n. 27.5 g

Side - 30 ft. N/A 7.21 in. 137.4 g 7.59 i n. 102.4 g

Corner - 2 ft. N/A 5.94 in. 14.2 g 6.16 i n. 12.6 g

Corner - 30 ft. N/A 14.83 in. 79.27 g 15.32 i n. 73.9 g

.

'

!

Table 2.10.1 -1 Comparison of Results of Chem-Nuclear Anal yse s
' ' '

with Test Results i d Previous Analyses.

|

i

!
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2.10.1.3 Finite Element Analysis (continued)

The loads and responses are characterizea by Fourier series
coefficients, and the value of the loading or response function is
found by suming the contributions from each of the terms in the
series. Each of the tems is of the fom a sin (ne) or b cos(ne),

n n
where a and b are the Fourier coefficients, n is a nonnegative

n n
integer and e is the angular coordinate in the model. The Ak5YS
Preprocessor, PkEP6, n.ay be used to generate the Fourier coef ficients
for a known input function. The output function is founa from the
output coefficients for any value of e by suming tenas:

nmax
DUTPLT (e) = I a sin (ne) + bncostne)n

n=0

Examples of output functions are stresses and deflections.

PREP 6 will conipute up to 24 coefficients. If the applied loading
function is known to be either even or odd, the sine or cosine terms

may be omitted. This allows the user to have 24 non-zero
coef ficients. Because the drop analyses have planar syneetry, and
the model was constructed so that the plane of symmetry corresponds
to e equal to lero degrees, all loading functions have even
syme try . Axial and radial response functions also have even
symmetry . Repsonse functions in the hoop direction have cda
syme try . Hence only the cosine tems are used in the applied loads
and in computing the axial ano radial response functions, while only
sine tems are used for computing hoop response functions.

(2) Acceleration Forces
In the drop loading analyses, described elsewhere, a computation is
maae of the pressure (compressive stress) distribution over the
surf ace of the cask. This pressure distribution is converted to a
nodal f orte distribution by taking effective area-times-pressure
products at intervals around the circumference for each node in the
finite element model . Each node of the finite elenent model then has

2-168
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2.16.1.3 Finite Element Analysis (continued)

Each ofa corresonding force distribution which is a function of e.
these force distributions is then converted to a Fourieriseries using
the ANSYS PREP 6 Preprocessor utility to compute the Fourier

Additionally, to counterbalance these forces, acoe f ficients.
constant acceleration is applied to the cask. Thus, the analysis is
quasi-static, with the peak dynamic load being conservatively
modelled as a steady state load.

(3) Pressure s
Pressures are applied as loads on the surf aces of the elements arouna

the cask cavity.

(4) Temperature s
For the cases of 100*F and 130*F steady state thermal conoitions,

temperatures from the themal analysis were appliea as nodal
For tl.e fire accident condition, temperatures of solioter.peratures.

elements (STIF25) were appliea as nodal temperatures ano for the
Treating

shell elements (STIFol) as element surf ace temperatures.
the shell elements in this manner created an analysis in which
temperatures varteo linearly across the thickness of the elements,

Thus, for shell
but were constant along the length of each element.
elements, radial teraperature gracients were accounted for by model
discretization and by the fomulation of the solution in each
element, while axial gradients were accounted for by moael

di scretization.

Constraints(5)
Nodes along the centerline are constrained from moving in the r6aial

Additionally,
direction because the model geometry is axisyntoetric.

,

although all applied f orces are theoretically in balance, one nodeI

This maintainedwas constrained from moving in the axial direction.
static equilibrium in the f ace of roundof f and other small numeric 61

The value of thetolerances experienced in any numerical analysis.
reaction force at this ooe was checked for each an61ysis to ensure
that it was negligibl,+ small.
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2.10.1.3 Finite Element Analysis (continued)

(6) Lead Interf aces ..

For an accurate analysis, it is necessary to mocel leaa ilump
behavior during the eno drop and to develop the radial loads caused
by the lead bearing against the cask steel shells. To accomplish
these two goals, the ANSYS model was constructed in such a way that
the lead was free to move axially without any support frota the
shells, but was constrained radially so that the lead would bear
against the steel shells. Aoditionally, the lead was modelled to
bear against the end closure in the axial direction at the impact end
of the cask, but was free to move axially, and thus slump, at the

non-impact end.

(7) Bolt Loads ,

because the geometry useo to model the cask was axisyhnetric, the
bolts could not be explicitly modelled. However, line loads at the
bolt circle radii were computed. baseo on these line loads ano the

.

bolt spacins, the maximum bolt load for each load case was computed
by multiplying the peak line load lj the circumferential bolt
spacing . This is conservative because the peak load occurs only at a
single point on the bolt circle and may be shared between two bolts,
whereas the analysis assumes that the peak load occurs over an arc

1
equal in length to the spacing between bolts and centereo on a sin 3 e

! bolt.

|

2.10.1.4 Oblique Impact This section presents an analysis

demonstrating that oblique impacts are not worst-case conditions for casks
having length-to-diameter ratios less than 1.37. Figure 2.10.1-3 illustrates
a cask of length, L, and weight, W, dropped at an angle, a, measured from a

horizontal plane. No energy absorption is initially assumed from the frapact
limiter or cask during primary impact (first contact of the lower end of the
cask with the unyielding surf ace). This assuroption results in the worst case
(greatest) impact velocity of the higher end of the cask.

O
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2.10.1.4 Oblique Impact (continued)

The angular momentum before and af ter impact can be estimated based on the
following assumptions:

e The impact point does not slide along the horizontal impact
su rf ace.

e The rotational inertia of the cask can be approximated assuiains a

2+hl).u nifono density solid cylinder; i.e.: ICG h (r
e The gravitational acceleration of the cask is neglected af ter the

initial impact.

Then, before impact,

i=hvi(fl-rtana)cosaL

ano, after impact,

O-
L2 * I "2i,

Where

i
angular momentum before impactL =

mass of caskM =

v1
impact velocity=

rotational inerti6 of cask about impact point1 =
9

2
ICG + hk

=

2h (A r2 + 1 2 + k )1=

4 12

"2 = angular velocity of cask followins impact

Since no moments are applied to the cask, angular momentum is conserved,

and L1 * '2

0 1 1 2 12 2
U hyl ( y 1 -rtana) cosa = h ( y r 171 + R ) u2+
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2.10.1.4 Oblique Impact (continued) j

Solving for angular velocity: ,

]

,

-

1

( 2 T - rtana) cosa
u2 = V1 1 2+ 12+R21gr 37

In general, maximum ar. gular velocity occurs when the impact angle equals

zero.

The velocity of the secondary impact is given by

v = 1 "23

Then

1

1 ( 71 - rtana) cosay ,

fr2+ f12+R2
The limiting case can be taken as that for which the secondary impact

velocity equals the initial impact velocity for the worst case angular
veloci ty. Then,

v =v at a = 0
3 3

1)2
and =1

32+k2h2 , p

or
2

1 7.5=
2

r

implying that

h = 1.37

O
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2.10.1.4 GLlique Impact (continued)

Thus, for lensth-to-diameter ratios greater than 1.37, slapdown impacts
snay be more severe than a nonnal side drop. S,.nce thi s analysi s v'ery

conservatively neglects any energy absorption for the initial impact, this
ratio may be taken as a lower bound, below which one may safely assume that
secondary impact will be less severe than side drop impacts. Since the thS
8-120B package has a length-to-diameter ratio of 1.31, the oblique impact is
less severe than the side drop. Cask stresses in an oblique drop will be less
than those experienced during a side drop.

2.10.1.5 Thennal Analysis A thermal analysis of the cask was maae

using 100*F ambient temperature. The results of this analysis are combineo
with normal and accident conditions in accordance with hkC hegulatory Guide

7.8. The methods and assumptions of this analysis are fully cescribed in

Secion 3.0. This appendix presents a sumary of pertinent results of that
analysi s.

O Cask Teraperatures *F

Inner Lead Primary Seconda ry Outside

Cavi ty Shield 0-Ri n9 0-Ri ng Surface

Max. 151 138 138 141 151

hin. 132 132 138 141 132

Loads: 100*F Ambient

100W Payloaa
2Insolation of 120 Btu /hr-f t

The resultant maximum internal pressure is 3.7 psig.
,

O
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STARDYN LEARNERS GUIDE
-

STARDYNE (Version 3) is a user-oriented Structural Analysis System with many
features. Included are automatic node and element generation to simplify
input. Strong dynamic capabilities: transient, steady state, random and
shock. Extensive static capability is complemented by nonlinear foundation
analysis and gap and tension or compression-only analysis. STARDYNE has

excellent documentation, proven reliability, many user options and good
plotting capabilities.

In order to use the STAROYNE system the following documents are available:

(1) STARDYNE USER'S MANUAL (Required)

(c) STARDYNE JCL APPENDIX FOR YOUR COMPUTING SYSTEM (Required)

(3) STARDYNE LEARNERS GUIDE (Optional)

If information concerning STARDYNE is desired or if problems are encountered,
,,

the user is invited to make immediate contact with the Data Center STARDYNE
Engineering Specialist or with the developers - System Development Corporation's
STARDYNE Project Office.

e STARDYNE Project Office *
System Develonment Corporation
2500 Colorado Avenue
Santa Monica , California 90406, U.S.A.
Telephone: (213) 820-4111
TWX: 910 343 6443
TLX: 65-2358 -

,

*STARDYNE Project Office Personnel
Direct Telephone

i Richard Rosen - Project Manager (213) 453-5142
i Richard Ragle - Associate Project Manager (213) 453-5138

Raymond Curtis - Associate Project Manager (213) 453-51 68
Charles Bell - Engineering Verification (213) 453-5167
Raymond Favignano - Computer Systems (213) 453-5175
Sam Soule - Sales, Marketing, Consulting (213) 453-5137

|
r

All questions relating to the STARDYNE Learners Guide should be addressed
( _.( ,1 to the author, Charles Bell . This document should not be used with any

STARDYNE User's Manual which was released prior to this date:
SEPTEMBER 1,1979

i
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STARDYNE

This document will present to the novice STARDYNE user a series

of usage examples. Irior to using this manual, please read and

become familiar with the STARDYNE User's Manual Section A

through page B-100. The pages in this manual, although in

ascending order, are not necessarily in consecutive numerical

This is to allow for future revisions and new pages.order.

O

TABLE OF CONTENTS

2
INTRODUCTION ...............................................

3
DATA GENERATION ............................................

4
| LIMITATION OF N0DE AND ELEMENT NUPEERS . . . . . . . . . . . . . . . . . . . . .|

( 5
DES CRI PTI ON O F ST AR PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i

DESCRIPTION OF STARDYNE PROBLEMS PRESENTED IN THIS MANUAL .. 6
1

LEARNERS GUIDE TAP E CONFIGURATION . . . . . . . . . . . . . . . . . . . . . . . . . 15 .

|

|

|

LEARNERS GUI DE PROBLEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 -10

, '
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INTRODUCTION

The STARDYK system of structural analysis programs is segmented into
individual programs. A variety of static or dynamic analyses may be
performed by using one or more of the individual programs in a coor-
dinated series of computer runs.

The normal static analysis can usually be accomplished in one computer
run, while the typical dynamic response analysis might take two or three
computer runs. Data is transferred from one run to the next by saving
cutput files on magnetic tape or on disc storage.

The STARDYNE programs are based on the finite element method. This

method requires the analyst to place the structure within a three-
dimensional frame. Pertinent points on the structure, called nodes, are

given coordinates to identify their location within the framework. The

Q nodes are connected by finite elements, with the choice of elements,

depending on the shape and type of structure.

The reader should have the current STARDYNE User's Manual available,

since each card shown in the examples is defined there' (The Manual

page number is given in columns 73-80 of each example card.) The main
feature of each example is the list of card images for the entire
STARDYNE input deck. The only other cards required for the computer

'

run, are the Job Control cards. These are shown in the STARDYNE JCL
APPENDIX for your computing system. Only the Fixed Format type of input
data is shown in the examples in this manual.

In addition to the list of card images, each example has a sketch of the,

model and several modeling details. The modeling details are not

intended as a description of modeling technique, but rather as an
explanation of STARDYNE input. Each example was designed to require a
minimum size input deck, thereby reducing the amount of learning time

I
for the various concepts. .

V
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DATA GENERATION

'|
Described below are the two types of generation features included on

many of the Fixed Format input cards. They are typically used during
the input of node and element numbers. For example, see page B1-81

(a) The FROM-T0 is used to generate a sequence of element

numbers, with a' built-in increment of 1. For example,'

four beams are defined when

i

5
.FROM =

t
8TO =

i

i
I When the input value of TO is blank, only 1 element is

t
produced.

I-

(b) The FROM-TO-INC is used to generate a sequence of nodes
k

with a constant gap. The six node numbers 71, 77, 83,
6

i
- 89, 35, 101 are input when

C.,

71FROM =

i 1 01TO =
.

1

6INC =

When T0 is blank, the generation feature is turned off for the current _

card. Cards which generate a series of nodes or elements may be
iinterspersed with single node / element cards,
i
1

5

_
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LIMITATION FOR NODE AND ELEMENT NUMBERS

The maximum value for node numbers and element numbers are periodically

increased. The maximums are listed in the STARDYNE User's Manual on
page B-70. Since new editions of the Manual are spaced several years

apart, more current values of maximums are given in the STARDYNE
BULLETINS, which can be printed by accessing the STARDYNE BULLETIN

program (STARBUL) with the JCL cards.

Both node and element numbers are assigned by the user. The numbers

for the various types of elements do not have to be exclusive. That is,
within the same model, there may be a Beam Number 10, a Quad Plate

Number 10, and a Cube Number 10. (There is however an exception to this

rule. Cubes and Wedges, which are entered in the same table, may not

have the same numbers.)'

Node and element numbers do not have to begin at 1; they may begin

with any integer, and there may be gaps in the numbering system. For

example, if there are 5 Triangular Plates in a model, they could be
given the numbers

I

( 8, 22, 56, 88, 109
.

.-

:
The computer run costs for some of the STARDYNE programs will be much

higher if large gaps are in the node numbering system. During some

phases of the solution these programs operate as if the number of
nodes in the model is equal to the highest node number entered. In

general, large gaps are to be discouraged.

O
2-180 -
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DESCRIPTION OF THE STAR PROGRAM
-

Almost all of the applications of the STARDYNE systemSTAR Program -

require STAR as the first step. It contains the following options:

(a) Geometry processing only, which is used for debugging and for
developing a geometry data base.

| (b) Static analysis. .
.

(c) Mode shape and natural frequency determination (Dynamic Analysis).

The following files are written by STAR and are used for data transfer
to other programs of the system. See Section R in the User's Manual.

(a) TAPE 2 - this file consists of some bookkeeping tables and a
copy of the input card images from the Structure Description
card (page B1-73), to the ENDGEpM card (page B1-185).

,
,

(b) TAPE 4 File 1 - the processed geometry data.

(c) TAPE 4 File 2 - the results of either a static analysis, or a

mode shape analysis.

STAR writes TAPE 2 and TAPE 4 File 1 automatically (provided no input

errors cause the program to abort the job). The second file of TAPE 4
has the deflections, or mode shapes, automatically written; other
output quantities are written only when requested by the user - see the
TAPE 4G card, page B7-30. Several other files are output by STAR;
please refer to page A-69 and page R-0.

(
i

A short description of the other programs in the STARDYNE system may be
found in the STARDYNE User's Manual, pages A-52 through A-69.

O
: G
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STARDYNE (Version 3) is a user oriented structural Analysis System with
many features. Included are automatic node and element generation to simplify
input. Strong dynamic capabilities: transient, steady state, random and shock.
Extensive static capability is complemented by nonlinear foundation analysis
and gap an5 tension or compression-only analysis. STARDYNE has excellent docu- -

mentation, proven reliability, many user options and good plotting espabilities.

In order to use the STARDYNE system the following documents are available:

(1) STARDYNE USER'S MANUAL (REQUIRED)

(2) STARDYNE JCL APPENDIX FOR YOUR COMPUTING SYSTEM (REQUIRED)

(3) STARDYNE LEARNERS' GUIDE (OPTIONAL)

If information concerning STARDYNE is desired or if problems are encountered,
the user is invited to make immediate contact with the Data Center STARDYNE
Engineering Specialist or with the developers - System Development Corporation's
STARDYNE Project Office.

$ b
be STARDYNE Project Office' 8 l

b) \[System Development Corporation
2500 Colorado Avenue /,Santa Monica, California 90kO6, U.S.A. g

Telephone: (213) 829-7511 b P
TWX: 910 3L3 6hh3 b
TLX: 65-2358
*STARDYNE Project Office Personnel 6,

Richard Ragle - Associate Project Manager \ 'Richard Rosen - Project Manager -

A _-

Raymond Curtis - Associate Project Manager "
Charles Bell - Engineering Verification
Raymond Favignano - Computer Systems
Sam Soule - Sales, Marketing, Consulting

~ Please see the section starting with page A - 52 for the list of personnel who
are responsible for the individual ETARDYNE program.*

.

This manual should not be used with STARDYNE versions which were released
~

prior to this date:

SEPTDGER 1,1979

a.
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STARDYNE MANUAL tEAGE

Throughout this manual, outlined sections, such as this, are
inserted to aid the user. They either contain important notes or refer
the resder to appropriate sections of the manual.

The pages in this manual, although in ascending order, are
r.ct necessarily in consecutive materical crder (i.e., A-50, A-32, A-55).
This is to allow fcr future revisions and new pages.

All first-time STARDYNE users, read all of Section A, Sections 5, 31.
M and JCL to get an overview of the STARDYNE system. The next step is to
form the finite elecent representation of the structure. Turn to page
5-10C for instructions concerning coding of your structural model.

O "he STARDY?E User's Manual (Section A through Section R) is owned and j,

copyrighted by System Develepsent 0:rporation and may not be r.odified ini

nr.y ferm, ty publishers, without first obtaining written pe. ission fren
the editor.

The basic the retical reference for the STA?IT.I syste.
is the 'STAROY:iI 3eoretical Manual', published by
0:ntrol Oata Corporati:n. fublication number 56616300.

@ STA?2EE SYSTE4 .1968 By !!echanics Research ne. (:'R:)

@ STARLY:E-2 SYS"T.1971 By 14echanies Eesearch :ne. ( E )

@ STAR 0rE-3 SYSTI!.197L By :4echanies Resecreh ne. (:!RI's which is
ccv an integral pa-t of System Oetel:pm'ent

,

Corp. (SDC)

.

STAR";Y? SYSTE1.197' By System Develepeent Ocrp. (SEO).

|

["he te ms STM.rT.:E, 27.!!STAP.DY2 and SOC /STA?r.CE .

,.,

are used interchangeably. 5 vever, STM.LY2 is
thepreferredusage). .

|*
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SURSERY

.O
The STARDYNE Analysis System Consists of a series of compatible'

digital computer programs desi6ned to analyze linear elastic structural
models. The system encompasses the full range of static and dynami~c

analyses. These programs provide the analyst with a sophisticated, cost-
effective, structural-dynamical analysis system.

The STARDYNE system can be used to evaluate a wide variety of

static and dynamic problems:
The static capability includes the computation of structurale

deformations and member loads and stresses caused by an

arbitrary set of theral, nodal applied loads and/or prescribed
displacements.

e Utilizing either the direct integration or the normal mode tech-
niques, dynamic response analyses can be performed for a wide
range of loading conditions, including transient, steady-state
harmonic, random and shock spectra excitation types. Dynamic
response results can be presented as structural deformations

h) (displacements, velocities, or accelerations), and/or internal
W

memberloads/ stresses.

The data input and output formats (both numerical and graphical) have
been prepared with one basic philosophy: to enable the user to obtain a
meaningful solution in the most logical and straightforward manner possible
while keeping the required data input as simple and minimal as practical.
The progra=med mathematical operations in the matrix decomposition, the
eiEenvalue-eigenvector extraction, and the error analysis, contain state-

of-the-art innovations in the field of numerical analysis. A brief descrip-

tion of the finite element and normal mode analysis methods as they are
implemented in STARDYNE is presented. Also included is a discussion on
each of the major programs comprising the STARDYNE system.

THE FINITE ELEMDIT NOPJRL MODE ANALYSIS METHOD
*

3

The basic concept of the " Finite Element" method is that every
structure may be considered as a " mathematical" assemblage of individual
structural components or elements. There must be a finite number of such

| elements, interconnected at a finite number of nodal points. The behaviorN
| of this finite element structural model will closely approximate the

behavioral characteristics of the real structure.
'

2-185
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Components of the Structural Model. The physical structure to te
x

modeled mast be described in a right-hand cartesian coordinate (global)
,

\ *

system and is comprised of the " nodes" and " finite elements". ,.

The characteristics of the node point include position in space,Nodes.
movement in space (3 translation x,y,z and 3 rotation e ,0 ,0,) and connectivityx

to other nodes via the finite elements. Masses and external forces may be i
assigned to each node.

Finite Elements. The node points may be interconnected with finite

elements in such a way as to realistically represent real physical structures.
The most commonly used elements are shown on page A - 53, together with the

nodal forces which can be transmitted throu6h the element. The stiffness
defined in theproperties of each of these finite elements are

"STARDYNE Theoretical Manual" .

General Solution Procedure. The general solution procedure consists

of stiffness matrix formulation, static analysis, eigenvalue/ eigenvector
determination, and dynamic response analysis.

O Stiffness Matrix Formulation. The stiffness matrices of the

V individual finite elements are first computed and then transformed (if
required) from its local coordinate formulation to a fom relating to the
global coordinate system. Finally, the individual element stiffnesses con-
tributing to each nodal point are superimposed to obtain the total assem-

blage stiffness matrix [K].

Static Analysis. During a static analysis, the equation

|g} =|P}[K]
-

.

where [K) = the stiffness matrix
$4} = the nodal displacement vector

{ P} = the applied nodal forces ,

may be solved to determine the nodal displacements and element internal
forces and/or stresses given a set of applied nodal forces.

-

O
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Eigenvalue/figenvector /.ntlysis. The rigenvalues (natural frequencies)eO
V and eigenvectors (normd mdes) of e. structet.1 :ystec. are determined by

solvinC the equatlun ,-

h.) p)[m]{qj 0 *=-
,e

whcre N = the mcss rstr!.x (assumed to be diagonal, ie, no mass coupling)
the natural freq eveiesm ,

I= the norral modes.|q
| b

Dynamic Response Analysec. Usihd the natural Tr.>ouencies and normal
modes tcgether with the related nass and stiffhese charn :teristics of the
structure, appropriate equations of wtien may be tvul'caed to determine
structure response to dpamic 1 sling.

PROGh/JG COMPRISING EARDYliE ANALYS]S SYSTD1

1. STAR (Project Engineer: Raj.ond Nrtis)
The STAR program has two distinct functions. They are static load
analysis and eigenvalue/eicenvecicr extraction. The static analysis
and modal extra: tion phases are based on the " Stiffness Method" or
" Displacement Method" and the answers are in the realm of "Smil
Displacement Theory".

A. Available Finite Madeling Elements,
1. Beam and Pipe elements with shear stif:hess in 3-D space.

2. Two Triangular Plate Elemnts (Thick plate and thin plate)
a. Plate Bending

b. Sandwich (Thick plate only)
c. Inplane (constant strain) , . '

d. Shear Only (Thick plate only)

3 Quadrilateral Plate Element (Iso-parametric in-plane)
1 Infinitely higid Members4

5 Springs, non-standard elements or substructures may be
entered in numerical form, by direct alterations to the

stiffness matrix.

6. Hexahedron (Cube) Solid Element (Iso-parametric)

7 Wedge Solid Element (Iso-parametric)p
b 8. Tetrahedron Solid Element (constant strain)

2-187
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1. STAR - co?:TINUE_D

B. Static Structural Analysis ,
,

1. Applied Nodal Loadings -

.

2. Automated Thermal Analysis

3. Solutions of Free-Free Systems

h. * Automated processing of psuedo-static load or displacement
vectors as obtained from the dynamic response solutions

5 Element Leadings

6. Inertia Loadings

7. Combined Cases

8. Specified Displacements

9 Substructures

C. Extraction of Eigenvalues and Eigenvectors

1. Inverse Iterations Method for the eigenvalues within specified

regions (uses full system weight vector)
2. Householder tri-diagonalization and Q-R extraction for reduced

dynamic degrees of freedom - GUYAN reduction (usually used for
truncated weight vector).

L 3 LANC2OS Modal Extraction Method (uses full system weight vector, -

no nodal limitations - this is a highly recommended method).

D. Output Section

STAR output processor phase computes element displacements, loads
and stress; and nc3al equilibrium check. Options are available to
present the output in report rom.

2. DYNRE1 (Project Engineer: Richard Ragle)
Transient response to imposed dynamic loadings are treated in DYNRE1

using the modal superposition technique. Input forcing functiens nay.
,

be in the form of forces, initial displacements, initial velocities
and base accelerations. Output consists of nodal displacements, vele-
cities, accelerations, element loads and stresses.

3 DYNRE2 (Project Engineer: Richard Ragle)
Steady state frequency response to steady state sinusoidal dynamic
loadings are co=puted by DYNRE2. Input forcing functions may be in the
form cf distributed forces, base excitations (displacements, velocities
or accelerations) and unit sinuscidal excitatiens (displacements, velo-

O cities, accelerations or forces) at specific nodes. Output c:nsists f ,

" relative" and "sts:1ute" nodal responses and element Ica3r a.nd str?rses.

2-189
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k. DYNRE3 (Project Engineer: Richard Ragle)

Response of multi-degree-of-freedan linear slastic structural models

subjected to stationary random dynamic loading. DYNRE3 will compute
the RMS nodal responses, RMS element stresses and generate response
power spectral density (PSD) curves for selected nodal degrees of
freedom. Input forcing power spectrums are defined as shape of spectrum
and type of spatial correlation.

,

DYNREk (Project Engineer: Richard Ragle)5,

Response of stulti-degree-of-freedom, linear elastic models subjected to
an arbitrarily oriented foundation shock input. She user may enter

arbitrary shock spectra. shock spectra computed via DYNRES, or call for
soce ratio of the 1940 El Centro (California) earthquake SPECIRA for
any of the directions of motion. DYNREh will compute user specified
combinations of ABSOLUTE and/or RSS and/cr NRL sua and various NRC sum-
summation techniques for nodal and/or element stress responses.

6. DYNRIS (Project Engineer Richard Ragle)

O. Computes shock spectrum values from a transient base acceleration time
history digitized at equal or unequal time intervals. The user may

specify "requencies at which shock spectrum values for displacement,
velocity and acceleration will be computed, in turn for each value of

damping entered.

7 DYNRE6 (Project Engineer: Raymond Curtis)

Camputes the response of multi-degree-of-freedom structures subjected
to transient dynamic loadings, using the direct integration technique.
The model may also contain nonlinear one'Ilimensional springs.

8. PI4T3D (Project Engineer: Richard Ragle)

This program may be used to plot STAR finite element structural models.
It enables the user to view the geometric structure in both the undeformed
and deformed states. The deformations may.be the result of a STATIC,
Modal Extraction or a Dynamic Response solutice.

9 C$NSTAR (Project Engineer: Rayr.ond Curtis).

This program may be used to produce contour plots of stresses and dis-
l

placements on surfaces composed of triangular and quadrilateral elements.,,

In addition, the nr.erical response values may be printed directly on.

the plot.
|

o.
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!

l

(G 10. WAVE!, (Project Engineer: Charles Bell) i

( \This progra: cay be used to cocpute hydrodynamic forces on the tubular
and/or circular beam cembers contained in the submerged portion cf a

,

STAR codel. The fluid forces can result free both vave cotion and a
steady current. The'vave motion is defined by Stoke's 5th Order Thecry.

11. SPRING (Project Engineer: Charles Bell)
This progra cay be used to determine the loads and deformations in a
linear elastic structure supported by a nonlinear foundation, and

subjected to general static loading.

12. NUBtP (Project Engineer: Richard Ragle)
This program may be used to consider bottcra out, tension only, com-
pression only members, etc., for the STAR STATICS problem.

1". NfDEXC

This program cay be used to char.ge node numbers of STAR substructure

boundary data to match the boundary node numbers of the recipient cath
r.odel . NdDEXC may be used on either the FORWARD or BACKWARD SUBSTRUCIURE

PASS.

th. POST (Project Engineer: Charles Bell)s

This pregra may be used to combine the forces, stresses, and displace-
ments from two (cr more) previously computed loed cases which are contained
in the STAR TAFE!. fermat. In addition, PCST vill co=;ute principal

stresses, perform stress level searches and present the results either by,

node =.nd elaaent or by load came.

15 FAC*0R

"'his pregra= may be used to create new feree and/or displacement vectors
using ec=binations of these vectors entered in the STAR TAFEk and/or

-tr:RE TAFE3 data file for=ats.
,

-

USER I!TFORMATION MAf!'JAL (Originator / Editor: Richard Ragle)

If errors or actiguities are found in this manual. please

nctify the Editer at once.
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STARDYNE SYSTD4 NO2ESg

N
DATA CARD FORMA 7S

EachEvery data card defines parameters which are req 1 ired by the program.
The dataof these parameters must be input according to asspecific format.

card formats shown in this manual are of the following types:

a) "I" FORMAT, INTEGER (FIXED POIN1) .. .Ik ,I7,5Ih, etc. The value is to be

input without a decimal point and packed to the right of the specified
field. (Negative signs associated with INIEGER VARIABLES must also be

righ..-justified in the data field).

b) "F" FORMAT, REAL (FLCATING POINT) . ..F8.0,F20.q,6F6.0, etc. This format

requires that the data be input with a decimal point; the number can
'

appear anywhere in the field indicated. An "E" fematted ncber may
'

be used in lieu of the "F" forect. For example, the number " thirty
,'

million" could be entered in any of the follcwing "F" or "E" femats:

The " E " fermat30X0000. , 30.E+06 , 30.E+6 , 3 0.E6 , 30.+6, 3.+7, etc.
exponent must be right-justified in the data field _.-

c' " A" FORMAT (ALPHANUMERIC) . . . A7,7A10, etc. '"his = fomat indicates that

certain alphabetic characters or title it.fordation must be entered inn
'

the appropriate fields.
I d) "X" FORMAT. . 1X,hX, etc. This format irsiicates blanks (no data may

'

be entered in these fields).
I

The f olicwing data card example demonstrater. proper use of formats.
6 20 *2 LL. $6 6L 72

-

BFRP Nf A J IE I'' SF2 SF3 ID'

i

(AL) (IL) (F12 0) (F12.0) (F12.0) (F12.OJ (Fe.0) (F6.0)

where: .

.

Np. = 13

A = 62.17;

J = 2.17

i I2 = .00CO63217L ,

I3 = *.2617

SF2 = .-37
,

SF3 = .E!!
The entries to the dats card could be made as follows:

s

1 h, , | .
. , . . . , . . . , i s ,6 d.b .da u!.7 n n i.n 2. 4.. nu u2th . , o .

u n si 2 n i 4 n i n n otg" 9' a . .
.

g ...,. ..Le .J...A. 1L4 A4,ALL -,L .LLIJ.L''
.

3 L S t 7 4 3 9 8 33 ||. .
.t i .,

| i | i,
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STARDYNE SYSTEM NOTES - CONTINUED A - 90
JAN/79

10
'U SPECIAL PURPOSE CARDS

Several 'special purpose' cards may be optionally entered at any place

in the input decks of any of the STARDYNE programs. They will be printed

in the ' card image' printout and ignore _d elsewhere. These formats are:

(1) DESCRIPTION CARD - This card is useful to identify specific sections

of large input data decks.

72
5

/DESC DESCRIPTION ID

(AS) (6A10,A7)

Punch /DESC in columns 1-5 of each card.

e~N (2) * DECK card. In some instances it is desirable to use the CDCif

(' UPDATE utility program to maintain and alter large data decks.

.

.

O
2-194

'

.



|

OCTAL-DECIMAL CONVERSION A - ;:C

[70F USE 'a'ITH THOSE OFE=J,TI:13 SYSTE"S 'AICH ?IZIFE A SI?/79
CIC'.;LIDGE OF OC*AL-2ECI!%L CLWESSIO!!]

O OCTAL DECIMAL DECIMAL OCTAL DECIMAL OCTAL

10 8 10 12 uuuuvo 3032400

20 16 20 24 900000 3335640

30 24 30 36 1000000 3641100
40 32 40 50 2000000 7502200
50 40 50 62 3000000 13343300
60 48 60 74 4000000 17204400
70 56 70 106 5000000 23045500

100 64 80 120 6000000 26706600
200 128 90 132 7000000 32547700
300 192 100 144 8000000 36411000
400 256 200 310 9000000 42252100
500 320 300 454 10000000 46113200

) 600 384 400 620
700 448 500 764

1000 512 600 1130
2000 1024 700 1274
3000 1536 800 1440
4000 2048 900 1604
5000 2560 1000 1750 ADDITION

' 6000 3072 2000 3720
7000 3584 3000 5670 1234567

( ') 10000 4096 4000 7640 1 2 3 4 '5 15 7 10

20000 8192 5000 11610 2 3 4 5 6h Ir li

30000 12288 6000 13560 3 45 6 7 fle, l i jg

40000 16384 7000 15530 4 56 7 1d11 12 13!

50000 20480 8000 17500 5 6 7 1C 1'J12 1314
1

60000 24576 9000 21450 6 7 1011!1213 14 15

70000 28672 10000 23420 - 7 ldlll211'J1415 16

100000 32768 20000 47040
200000 65536 30000 72460
300000 98304 40000 116100 .

400000 131072 50000 141520 -

500000 163840 60000 165140
600000 196608 70000 210560 MULTIPLICATION
700000 229376 80000 234200

1000000 262144 90000 257620 1234 567
2000000 524288 100000 303240 1 1 2 13 '4 54 7

3000000 786432 200000 606500 2 2 4 b 101 d1216
4000000 1048576 300000 1111740 3 3!sh' 14 1 -12 ??5

5000000 1310720 400000 1415200 4 4 jic!1: 2r 24!?c 34

6000000 1572864 500000 1720440 5 5 '12!!7 22 ? !I?s a3
7000000 1835008 600000 2223700 6 6 114122 30 3 6k ' 52

~

10000G00 2097152 700000 2627140, 7 7 I16!25344:45 : 61

2-195
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B - 10
STAR PROGRAM

SEP/79
.

The STAR program has two distinct functions; static load analysis
e,

and modal extraction.

1. Static Load Analysis

Once the structural model has been defined, the response to any general

type of static load may be investigated. The program will determine the
,

displacements of the system, as well as the internal forces and stresses
for all the elements cocprising the system. The solution may ba obtained

by a single codel, or by sub-structuring techniques e It cay be noted

that a static load analysis cay be perforced on a free-free (unrestrained)
structure provided the applied load case is self-equilibrating (see

Section B2).

2. Modal Analysis

For any stiffY.ess matrix and associated mass catrix, the program will
extract the eigenvalues and eigenvectors in any desired frequency range.
In addition, the program will compute the generalized weights, partici-
pation factors and internal forces / stresses on the elements associated

)- with each eigenvector (see Sections B3, BL and 35).x[,

.

I S_ TAR PROGRAM FLN DIAGRAM_

e Structural
# Model Data
.

e Leads Data'

.

TAPE 1h!

i TAFE23 --- 7l Auxiliary ~~~~"-----'|j Input) I V 1 7
-

lt i

i
|i STAR PROGRAMa

TAPE 2 (Restart File)| a Static Analysis (Coded File)
jj e Modal Extraction e Structural Model Data
I '' e Element Loads / Stresses and nodal renucterine~

L. - - - results

If I f
.

'.
~

DE7 DEh
TAFE9 (2 Coded Files)I *

TAFE28 e File 1 Geometry

,' Binary Files for Large e File 2 Displacements

i! Problem Restart Stresses
s))

{
i

"
i .

.
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O,
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STAR DIMENSIONAL CAPABILITY B - 70

JAN/60

s- ' The following maximums are allowable in STAR:
STRUCTURE TYPE[Anychangesinthesevalueswillbeprinted ,

intheSTARbulletin.)
6 DOF/ NODE '3 DOF/ NODE

(TRANSLATION ONLY)

Number of Nodes and Maximum i' ode Number (Static) 4 000* . . . . . . . . . . . . 4 00 0*
Number of Nodes and Maximum Node Number (HQR) . . 2500a. . . . . . . . . . . . 2500*
Dynamic DOF for HQR Modal Extraction (Pg. B3-10). L30............. L30
Number of Nodes and Maximum Node Number:

LANCZOS Modal Extraction (BS-5).....LO90*.............LOOO*e
e Inverse It eration Ext rac t ion (B4-5) .1300*. . . . . . . . . . . . 1300*

Number of Beams (Rigid, Pinned , Elastic)+ PIPES. . .no limit. . . . . . . . . .no limit
Numb e r o f T ri-Pla t es . . . . . . . . . . . . . . . . . . . . . . . . . . . . .no limi t . . . . . . . . . . no limi t
Numbe r o f Quad-Pla t e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . no limit . . . . . . . . . .no limit
Numbe r o f Cube s + We d ge s . . . . . . . . . . . . . . . . . . . . . . . . . no limi t . . . . . . . . . .no limi t
Numb e r o f Te t rahed ron s . . . . . . . . . . . . . . . . . . . . . . . . . . .no limit . . . . . . . . . .no limit
Number o f Elements into One Nod e . . . . . . . . . . . . . . . . .no limit . . . . . . . . . .no limit
Number of Rigid Systems..........................no limit..........none
Number of Nodes per Rigid System.................no limit..........none

Number of Rigid Bar Elements. . . . . . . . . . . . . . . . . . . . .no limit. . . . . . . . . .none
Number of Static Load Cases...................... 350 ............ 350
Number of Entries to Material Property Table..... 250 ............ 250
Number of Entries to Beam Property Table......... 999 ............ 999
Number of Nodes with Individual Referenceg-- Sys t ems . . . . . . .no limit . . . . . . . . . .no limit"' ';g

Number of Individual Reference Systems........... 999 ............ 999
Mat rix Bandwid th - Nod a1. . . . . . . . . . . . . . . . . . . . . . . . .no limit . . . . . . . . . .no limit

- d.o.f. (after renumbering;
see page B-105)..... 1985............. 1985

Substructure Matrix Reduction, maximum d.o.f... 20000 ........... 12000
e Maximum size of dependent system............19999............ 11999

e Number of Boundary d.o.f. if dependent
system size is greater than zero............1500.............. 1500

.

*
.

* VITAL NOTE!!: The maximum node number limits shown above are usually
obtainable only if your computer's Operating System permits you to use
in excess of 300,000 (OCTAL) words. Prior to coding any large model, you
must examine the ETAPDYNE FULLETIN for the vords of core required for the
model'and for instructions concerning the use of the CM parameter. (See
page A-100 for a chart cf OCTAL-DECIMAL ccnversions).--
The Dynamic Response (DYNRE) programs have the following node number limits:

NO LIMITDYNREl =

NO LIKITDYNRE2 =

NO LIMITDYNRE3 =

NO LIMITDYNRE4 =

NO LIMITDYNRES =t'' .

NO LIMITDYNRE6 -

2-198
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B - 100
STAR INPUT NOTES

SEF/79 !

First-time STAR users should scan these 'INFUT NOTES' . If you are an
(,,
Y experienced user, please turn to page E1 - O.

.

*

.

A. RECOMMEf;DED GECMETRY MODELI? G PROCEDURE

It is strongly advised that a small representation of the structural
model be coded and solved prior to coding the actual model. This
would resolve possible option and procedure problems in a more

1cost-effective manner.
The following order of operation is recommended for modeling and
solving any structure in STAR.
1. Make nodal diagram of idealized structure (inspect limits, B-70) .

2. Assign ntzbers to the node points, beams, plates and cubes.

3 Ccepute section properties, coordinates, element identifications ,
restraints, weights and/or Static Loads.

h. Code on data sheets.

5 Run STAR. The user may run STAR entirely in one run; however, on
larger problems, it is advised to terminate the run after the geocetry
phase in order to check the running time estimates for the
analysis types and to inspect the node / element table.

t5. Read B2-20 for STATIC or pages B3-10 and/or Bi-10 and/or B5-10 for Modal
Dctraction. Read the JCL APPE!iDIX fcr Jcb Control Card Information.

A

V) 7 The program performs the following operations during the geometry phase:I

a) Checks whether data parameters exceed STAR capability.

b) Checks for and flags duplicate and badly shaped elements.

c) Checks for data inconsistencies.
d) Element interconnectivity and preperty sucration tables are

printed which should be scanned to detect inadvertent omissions.

e) Repeat feature is activated for repetitious data.

f) The nodes are reordered internally to produce a mininum bandwidth.
This does not affect the input data or the output data.

g) Six scaled plots of the structural ecnfiguration as coded may
ha n'enerat ed .

h) The Eeometry input data deck is written onto TAFE2 fer possible
future use in CTAR. In additien, TAFEL, file 1, the refermulated
geccetry data, is written for use by the dynamic response and post
processor programs,

i

i

O g

C
2-199
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STAR INPUT N02E8 - 03TDruD B - 105

SEP/79
3. MATRIX REDUCTIOi AND NODE ORDERDIG C3SIDERATIES

e In perfornir.g a Cholesky decomposition on the stiffness matri.x,
STARDY :E uses a proprieter/ algorithm which cocbines the best
features cf the wave front method operating in a bandwidth storage
patter:.. This technique has teer. fully optimized to provide an

extremely cost effective solution. To further significantly
reduce the problem cost STAR perforr.s an, automatie (invisible te,
the user) renumbering g the node numbers to, minimize the matrix
bandwidth.

o

o \
Tinal N - C-
Renumbered N
Bandwidth N\\ \'

s , \Matrix h

Size s \ \s
- 0- \g q

|

GLCSAL STIFDiESS MATRIX [K]
e W.AT IS BANDk'IDTH7

The stiffness matrix r.odal bandwidth is determined by the numerical

O difference between node nu_ters which define a particular structural
ele ent. If a node is " fully restrained" it need not be considered
because restrained degrees of freedom (dof) do not appear in the Global
Stiffness Matrix. Similarly, undefined nodes and dependent nodes of

" Rigid Systems" do not contribute to the bandwidth.

Bandwidth exa ple: A bar element coded between nodes L5 and 64,
r.either node being fully restrained, will cause a nodal band of

( . LS) + 1 = 20 The autenatic nodal renumbering seeks to exchange
(er trade) node nu=bers internally until the minimum bandwidth is
achieved.

.

e PLEASE NOTE'11
* '

-

When a structural model centains extreme stiffness mis-matches (i.e.,
very flexible structure attached to ver stiff structure) ill-con-
ditioningproblemscouldariseduring(y]matrixdecomposition.K On
models of this type ill-conditioning may be minimized if the user
assigns the lowest node numbers to the relatively most flexible
section of the structure. Other types of structures can also benef2t
fra. proper selection of node numbers. For example, for a cantilever
beam, free tip = nede 1; for a tall building, top =nede 1..

See special re-numbering card, page 31 - Tk , if it is desired
to revise the node ordering of ' problem' models which may have

,
'

been coded the ' wrong' way (use NSTAGE = 13 option) .

.
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STAR INPUT NOTES - CCMTINUED
FI?/~9

:iCOE 'E*.E'T:'T IM?UT DATA OP ES NG CONE!OERATIO:;S - ::GOPTA"T! !!g) 2.

Nede and eierent numbers may have small gaps in the list cf nunbers defined
and any number from one through the maximum may be used. The data h pre-
cessed very inefficiently hevever, when very large " gaps" are left g node
and element numbers. Within any node E element input table. the data a r
te entered in g order.

D. HEADER CARD IDUlTIFICATION A'iD REFEAT FEA':"JEES

All of the ' data tables' in STAR require one or more header wcrds ('N2DE',
'NODEG', ' CONC', 'CONCG', etc. ) which serve to identify card formats within
the table. A header vord must start in the first colu=n cf the first card
of the table. If desired, a header name may be entered on avery card. If,

however, a header field is blank on a subsequent card (header word not entered),
the card format for the most recent previous header type ceded will be assumed
for that card. The weicht (WGHT) input table, Pace B1-93, is an excettien to

the above.

E. PCCNAL INPUT FRCN TAPE 1h AND/CR TAPE 23

The major part of the STAR Gecretry and Static input sections are
entered in the ' data table' femat. Each of these data tables begins
with the table name punched beginning in column 1 of the first card.
Each table ends with a card which has B;D punched beginning in calumn 1.
The data in any of the tables may be optionally read from a coded disc
file by placing a table header card of the following form into the input
deck at the point where the desired information is to be entered.
DO NOT PUT THE 'HID' CARD ON THE DISC FILE.

O.'

Q h 8 1 24 72

NAME HEAD FILE Np ID

(A4) (A4) (14)

SAE = First four letters of table nace.

HEAD = Punch the letters HEAD in eclumns 5-8.
FILE N@ = An integer disc file nu:ber from which additional card icages

will be read for this table. Reading will continue on thisi

file until an END-OF-FILE cark is encountered. The next card
read will be froc the input file (User's dat,a input card deck).;

The only two disc file numbers which are it,rmitted are TAFE1h
and TAPE 23 FILE N0 can, therefcre, be sssigned values
of ik or 23 only.

'
1

I

Continued on the next page....

~

v
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B - 120
STAR INFUT NOTES - CONTINUED E

\
E. OPTIONAL INPUT FROM TAFElk AND TAPE 23 - Continued *

.

The user must ensure that the ' data table' info 2=ation has been trans-I

citted in ' coded' for=at to the proper file. Several tables =ay be on
this dise file, so long as they are separated by END-OF-FILE marks. The
infor=ation must be positioned in the proper sequence to be read when
the desired NAME-1"~AD card is encountered. The table infor=ation may be_

placed on the file via Job Control Cards, pricr tc entry into the
STAR program. N0'"E : If BPROP tables are entered via NAME-EAD, they
must be entered i==ediately prior to the EEAM table.

' A:2-HEAD cards in the geometry deck will be written ente the ' card image'file , TAFEE. If TAPE 2 is used fcr a re-start run, the disc files asse-
ciated with the NEG-HEAD cards must be re-entered.
EXCGLES CF DATA ENTRY CN AUXILIARY FILES TAFElkA"D TAPE 23.

1 12'
7p'|MADDFEAD Ef

(Matrix alteration data is en TAFE25 ) |

. l_E D
I

l O!S P'ZAD 1-

II;cdal displacement specification data is on TAFE1; : |[
(lE D ,

L I lI

h (|CONOMEAD 2? I

,
-

V I Ih
j|:/Cencentrated loads data f s on TAFE23)

Ift ":D ,

I

F.
DATA TA?I2 ' FA CTOR ' "ARD I OPTICI!A L - he following card may te inserted'"

in a ' data tatle' to cause subsequent cards in that table to be factered
by a scalar cultiplier. Cnly the appropriate values are cultiplied bythis facter.

This card is convenient to convert data enterei in ene setof units to other units, etc.
L 6 12 221

72!::MG FACT FACT;R f [ , [ ID
(A" 'A') l'X1 (F10 0)
UEG = First four letters cf table name. Per=issible tables: N;DE. MCD,

WGFT, EIG, B:GE, TFTE, GPTE, CUTE, TETE, TPRS , QFRS , Cp!:C, DISP.
FACT = Punch FACT in colu=ns 5-8.

FACTER = A value which will factor the appropriate input data on the
retaining cards of the input table or until another ' FACT'
card is encountered. The Factor defaults to 1.0 at the
beginning of each table. If FACTfR is entered as blank cr
C.C, a value of 1 0 vill be used.

U2TE: Data entered in the ' DECK' for:ats (page J-60) are' not modified by
this factor input (e.g., Boundary Force or Displacement vectors fro:,

O( STAR TAPEP outputs or 'SFRING' or 'UUPCP' TAPElk force outputs.,

V
.
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STAR INFUT NO"'IS - CCNTINUED 3 - 150
SIP /79

3. SL"F.ARY OF STAR PROGRA'4 HEADER AI'D CON"' POL CAS.DS
l'8
Q The STAR table header and control < ec.-d names shown in this manual, are

su==arized below for convenien:e. It should be noted that many names
which appeared in earlier versions of the STAR manual are not in the
list. The program vill still recognize these names, however, pro'vided
that the table in which they originally appeared is entered entirely
as described in the older manual.

START TETRG C@NC
PLOTS TETRHEAD CONCG
RDTUMB MADDX CONCDECK
MATIN MADEFACT CONCHEAD
MATLG1 ".ADDEEAD CONCFACT
MATLG2 MADDEL CONCGBLMA"'LHEnD E! DEL DISPGNODE MADDPRNT DISPGENNCDEG 3CUNG DISPDECKNODEFACT BWUNGADD DISPHEADNCDEGRD1 Be*JNHEAD DISPFACTNCDEGRD2 GUYAN ACCELNEWSYS GUYANADD

FACTORN@DEHEAD G'JfAREAD
FACTHEADASYSG UGGEOM
END CASEASYSHEAD END
ALL DONERESTG STATIC
HQRRESTHEAD TAPEHEAD InyITa

WGHT CTRL
DYNAMICWGHTG ANk PIION

WGHTFACT M?G
OUTPUT

WGHTGEN 2' N
MINVALUE

WGHTDECK B'4TEFACT
SEL-NCDEWGHTHEAD N
SEL-BEAMBEAMG TFTEHEAD
SEL-TRIA

BRECT wmACT
ELBOW QPT mP SEL-CUAD

SEL-CUBEPIPEG QPTEHEAD
SEL-TETRPIPET QPTEFACT
TAPELG

BEAMHEAD CN
TASELGSEL

BPROP1 CUTEHEAD
777tg11 3 PROP 2 CUTEFACT

,. TITLE 2
BPROP3 NF

TITLE 3BPROPk TETEREAD
TITLEh

SPROP5 TETEFACT
TITLESSPROP6 BMLOPRNT
ENDMODEL

EPRCHEAD BMLOAD
TRIAB WHEAD TOLERANCE

TRIAHEAD BMLOFACT
GUADB "'IES
QUADWARN TPRSHEAD
QUADHFAD TPRSFACT

| CUBEG CPRS
'

llBEHEAD QPRSN
' EDGE QPRSHEAD,

| h>
WIDGHEAD QPRSFACT

'

.

<
|
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PISCES
STARDYNE

Static and dynamic fmete-difference codes based on com-
F mite element static and dynamic structural analysis. Aputational methods developed to calculate nonimear. large.

amplitude responses of structures. fluid bodies. and sohd ST ARDY NE static ans lysis will predict the stresses and de-

media T he codes solve the fundamental partial differential flectmns resutting fro n pressure temperature. concentrated

equations on contmuum mechamcs empressed re the en ptsc- tmces and enfmcei dsplacements Dynamic analysis will
it finite difference form PISCES provides solutions to prob- p< edict the node displacements, velocities. accelerations,

element forces and stresses from transient, harmonic, ren-lems includmg fluid structure interaction, soil-structure m.
dom or shock eucitations ST ARDYNE is user oriented. con.teraction. bypervelocit y particle impact and flow interaction
1ainmq automatic node and element generation features that

Datch re"juce the effoet required to generate mput Plots of the

POSTEN/CNCGRD ongmat model and def or med structural sha pes help the user
evaluate results Contour plots show surface stress for two-

Analyres and designs contmuous pnsmatic or nonpnsmatic dimensional elements l he program creates time hestenes of
stabs. qirders. beams. waf fle stabs. flat slabs with drop pan- element forces and stresses anti of node displacements,
els and flat plates with of without column capitals Most velocities and accelerations Th'e RREST AR preprocessor
designs conformmg to An:encan Co7 crete institute (ACl) all ws users to enter freedormat mput througri an mterac-
31847 standards are made m a smgte computer run in- tive termmal Datch and mteractive
cludes contmuous bents of up to 9 contmuous spans plus
cantilevers Spans can have uniform load, up to 10 con-
centrated. 3 partial uniform and 3 partial Inangular loads.
Members can be pnsmatic or nonprismatic and of different Uses the results of SpSTRESS frame analysm program to

shapes including T. mverted T and I sections mvestigate a preselected steel beam or column Each run
automatically retneves up to three mdependent loadmg
conditions. and modities and combmes each with the othersPS BASEPLATE
using load f actors chosen by the user Batch and mteractive

Y A ialyres flesible bolted baseptates m nuclear power plants
y m support of regulatory requirements Pre-processor gener-

~

ates alt mput to ST ARDYNE/ SPRING Post-processorm
summanies analysis results Reduces engmeer-hours re. A tit vary of 31 structural analysis programs designed for
quered to perform baseplate analysis Interactive. smalt. mdividual problems and for components or selected

portions of larger structures The library is organized ac-

SPSTRESS cordmg to 10 categones general, section properties.
beams columns. framesamsses. nngs. plates. shells dy-

Systems Professional Structural Engmeermg System Solver. nanuc analysis. sprmgs and miscellaneous. Interactive,
Perf orms imear analysis on two- or three-dimensional elas- batch (partial)
tic statically loaded structures Computes jomt displace-
ments member end forces. and reactions for a structure p
enput includes makeup. type and onentation of ali members,
position and magnitude of all apphed loads. displacements A library of 28 structural design programs for the buildmg

and distorteons SGEN and STRCHK can also be used with construction mdustry Updated to the latest requirements of

SPST RE SS SGE N generates mput data for SPST RESS.and accepted buildmg codes. such as AISC and ACl these pro-
ST RCHK checks steel beam and column sections agamst grams can be used to design individual structural com-
member output from a previous SPSTRESS run for their ponents or to analyze entire framing systems Programs are ,,

ability to handle applied loads in accordance with Amencan divided mio concrete, steel. masonry, wood and general
Institute of Steel Construction specifications Batch and analysis Interactive

interative
.
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StructuralEngineerong

Structurst Engmeermg

SPACE 4
STARDYNE*
- . . . . .

Service: APEX /st. UCS/CRAY
Service: NOS/tlE

Access Mode: Remote batch
Access Mode: Remote batch

Support I evel: 3
Support i evel: 3

Documentation:
I ngineerms Catalog Documentation:
SPACINF, SPC4tNF I ngmeeting Catalog
SPArte Manual. 57.50 STARDYNI: Uwr's Manual 122.50
Digital Analvm Consultants STARDYNI t earners Guide. 512.50
74NI Girard Avenue STARDYNE Static Sulneructure Guide. 57.50
I a 3 olla. Cahforma 92037
(714) 4s9 3373 Syuem Development Corporation

.
2500 Colorado Avenue *

,

Santa Momca Cahfornia 90406
(213) R20-4111

SPACE 4 performs hnear clastic analysis of two- or three-
dimemional structures that may be treated as assemblages of VAI.UE.PRICFD
hne members and/or panels.

STARDYNE performs static analvm. substructure analysis, .

wtsmic analym, piping system analym, and dynamic rnponw
analym on any specified structure. '

s

N STAAD Illo
Os

Service: APEX /M. UCS/Cd AY STRAN
Acceu Mode: Interactive, remote batch

Service: APEXN
Support level: 3

Access Mode: Remote batch
Documentation:

t-ngencering Catalog Support f.evel: 3
ST DINI O
NIAAD-lll Reference Manual 57.50 Dwumentation:
Rewarsh t ngmeets 1:ngineering Catalog
P.O. flos 27tl6 Synercom Technology. Inc.
Cherry Ibil. New Jersey OR034 50) Corporate Drive
(609) 4M2 tnt 10 Sugar I.arnt. Tetas 77478

! (713) 491-50MI
VALUE. PRICED . .

vat UE PRICl-D
This program analvies and deugns a wo- or ihree-dimensional
framed strusture of any ure. STRAN performs a Imcar analysis of large space frames uung

the suMeructures approach to the stiffncu matris methisl.
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United
information
Services,Inc.

DANSYS
.

.

-

For the solution of a wide variety of problems in the Lloenr transient d>nsmic analysis, used to determine
ceas of structural, heat transfer, thermal. fluid flow, the time-history solution of the response of a linear
thermoelectricity, and wave motion analysis, ANSYS elastic structure to a known forcing function, contains
is widely known for its linear and nonlinear a quasi-linear option that includes interfaces (gaps)
capabilities. Using the finite element method to solve with the structure or to the ground.
these and other problems, ANSYS is distinguished by
its extensive user-oriented features and operational Harmonic response analysis evaluates the steady-state
reliability. The program is offered to UlS clients on a response of a linear elastic structure to a set of har-
value-priced basis on the APEX /SL Service and the monic loads of known frequency and amplitude.
CRAY-IS computer. It was developed and is sup- ANSYS prints the complex displacements or
ported by Swanson Analysis Systems, Inc., of amplitudes and phase angles. Stresses may be
Houston, Pennsylvania. calculated at both specified frequencies and phase

angles.

- A'mong the many analytic tools that ANSYS provides For the solution of the steady-state or transient
are choice of analysis types, material behaviors, temperature distribution in a body. ANSYS uses hest
nonlinear options, loading conditions, and solution transfer analysis. Besides conduction and convection,

procedures, as well as a comprehensive element radiation and internal heat generation may be includ-

library. Graphic displays and both time-sharing and ed. The calculated temperature distribution may then

remote batch processing environments are at your be used as input to a structural analysis.

disposal,
Substructures analysis assembles a group of linear

r elements into one " element" (a supereiement) to be
> Types of Analysis used in another ANSYS analysis. You will find this

type of analysis particularly valuable when you wish
! ANSYS provides you with access to its various t is late the linear portion of a structure with an

capabilities through the following eight types of sterative solution.
analysis.

.

Static analysis is used to solve for displacements,
*

strains, stresses, and forces in structures under applied
loads. Elastic, plastic, creep, and swelling material <L

'

behaviors are available. In addition, stress stiffening ,

and large deflection effects may be included. Such r
l

bilinear elements as interfaces (with or without fric. .re1,,

tion) and cables can also be used.

With Eigenvalue buckling, ANSYS calculates critical NW dQ#Fg-nu.- g
loads and buckling mode shapes for linear bifurcating

'

;gy' ' '

buckling, based on a previous static analysis.
' . .W

M/ ,&- .Fy
A-[ NNMode frequency analysis solves for natural frequen- f

displacements may be obtained by using the spectrum b ', , . N,.
,cies and mode shapes of a structure. Stresses and "

analysis option with a displacement, velocity, accelera- U ,[/2
''

i
,

j tion, or force spectrum. :.g~ , ,

For determining the time-history so!ution of the i
'

I
A'',-- "

response of a structure to a known force, pressure. 2

' 'M 'and/or displacement. forcing function, nonlinear tran- -

'W/sient d>nsmic analysis is used. Stiffness, mass, and px
g damping matrices vary with time, and may be func- ps sM /D

tions of the displacements. Among others, friction, C7
plasticity, and large deflection nonlinearities may be
included.

P- 208
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Material Behaviors Nonlinear Options

[ All the elements of ANSYS include isotropic material ANSYS offers an impressive choice of nonlinear op-

(~') behavior. In addition, you may use orthotropic tions, including geometric nonlinearities (large deflec-
material properties with all plane and solid clastic tion, large rotation, and stress stif,fening), special
structural elements, and with all heat transfer nonlinear elements, and nonlinear material behavior,
elements. An elastic structural element allows user in-
put of a complete material matrix for general You can use large deflection analysis for both static
anisotropic behavior. and dynamic problems. ANSYS makes geometry

modifications at the end of each load increment, and
ANSYS' clastic material properties may be functions provides stress stiffening and large rotation effects for
of temperature. Temperature-dependent property in- most of the elements in the library.
put includes the following features:

A number of special purpose elements in ANSYS
O Curvefitting (4th order) to tabular property data facilitate modeling nonlinear behavior, all of which

O Linear interpolation with tabular property data are available in static or dynamic analysis. The cable
element carries tension or compression only, and is

O Temperature-dependent emissivity useful for modeling suspension bridges or television
O Temperature. dependent film coefficients and radio towers. A crack tip element is available for

fracture mechames work. Interface elements (with or
O Nonlinear properties (stress-strain curves) de- without friction) transmit load in compression only;

. ' scribed at up to five different temperatures they are especially useful for modeling such contact
surfaces as gear teeth or threaded connectors. ANSYS

Nonlinear material properties can be included in static
also includes a three-dimensional solid element (withor nonlinear transient dynamic analyses. For plastici- or without reinforcing material), a control element,

ty, stress-strain curves can be any of the following: and a nonlinear force-deflection curve element.

O Virgin stress-strain
Loading Conditions

O Bilinear kinematic hardening

O 10th-cycle empirical hardening For structural analyses, loading inputs include nodal
forces and moments, body forces, displacements.C;t

ANSYS also includes an option to model nonlinear pressures, and temperatures. You may apply struc-
clastic material behavior, in which more than ten tural constraints in a user-defined coordinate system.
primary and secondary laws are available. In dynamic analyses, these loads can be random,

sinusoidal, or arbitrary functions of time.
'

Loading inputs for heat transfer analyses include fluid
convective heating, internal heat generation, radiation,
and known temperatures or heat flows.. , ,

:f:S -

430,-9. ' Solution Procedures
*I,W',% .

's ' '**. Four major solution procedures are available with
b 'S % ANSYS, as follows:

.'S :. v'* s "
pD<__7 7~ ','4'S j taneous linear equations developed by the matrix

O Wavefront technique solves the system of simul-
*

s,

,/ g displacement method.*
,

,

.07 O Guyan reduction creates a set of degrees of-*;
f~ . . /.

"

freedom (which is a subset of the total degrees-of-
.. : # g; 4 ,' freedom in a structure); this subset is used to

,

characterize the response of the structure., y

k' O Jacobi and subs; ace iteration let you select thep
// Jacobi technique for eigenvalue extraction, or%.4x4

, subspace iteration to extract the first n modes."i q g- y. V
"

x'
i O Transient analyses make use of an implicit

numerical iteration in each time step.(p)
v
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The ANSYS Element Library Additional structural elements include masses, springs,
dampers, sliding and gap interfaces, and cables, as

ANSYS offers one of the most comprehensive element well as arbitrary stiffness, mass, and damping
libraries available, containing more than 60 structural matrices.

and heat transfer elements.
Heat transfer elements include:

Structural element types include:
ONMWW

D Spars O Shells
O Beams O Plates
O Pipes O Solids
O Elbows O Harmonically-loaded axisymmetric elements

/ ) O Tees O Radiation and convection links
' O Plane and axisymmetric membranes

;

O Plates equivalent structural elements for thermal stress
O Solids evaluation.

2-210
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Graphic Displays results can then be postprocessed after analysis.

(d Moreover, ANSYS provides specialized capabilities

U) ANSYS contains an exceptionally wide range of pre- for editing and file manipulation, as well as a restart
and postprocessing routines to generate model data, option for saving intermediate results.
display models for visual verification, and manipulate

.

output from the program. In addition to windowing
and surface plotting capabilities ANSYS offers
shrinking, hidden line plots, and element, node,
material, type, or member property numbering. ANSYS offers wide-ranging features in one integrated

package, and is fully documented in a set of manuals
describing program operation, use, and conceptual

User Oriented Features and practical techniques. In addition, the developer
gives training seminars, as well as workshops that pro.

All portions of the ANSYS program can be run in vide users with hands-on experience. For additional
either an interactive or remote batch environment, us- information on the ANSYS program, please contact
ing free format input data. In fact, a stand-alone pro. your UIS representative, or Swanson Analysis
gram called PREP, also developed by Swanson Systems, Inc., P.O. Box 65 Houston, Pennsylvania
Analysis Systems, can be used to create an entire 15342.
ANSYS input deck from an interactive terminal. The

-
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3.0 THERML EVALUATION

This chapter identifies and describes the principal thermal aspects of the
'

CNS 8-120B cask package for safety and compliance with the perforniance
requirements of 10 CFR 71.

3.1 Di scussion

'

Thennal protection of the package is provided in four basic areas. These
are the cylindrical shell (sides), top, bottom, and overpacks.

The cylindrical shell has three layers. The outer layer consists of a
1.50 inch thick carbon steel plate. This is followed by a 3.50 inch thickness
of poured lead. Finally, the inner cavity liner is formeo by a 0.75 inch
thick carbon steel plate.

The top consists of two sections; a 3.5 inch thick carbon steel plate,
which foms the inner layer, and a similar 3.5 inch thick carbon steel plate
which forms the outer layer. Both are circular in shape, with a diameter
equal to that of the cylindrical side shells. A circular secondary lic is
centrally located on the top of the cask; it has a cross-section of two 3.5
inch thick plates, similar to the rest of the cask top section.

The bottom section consists of two 3.5 inch thick carbon steel plates,
also cirtular in shape, and of a diameter equal to that of the cylindrical

.

side shells. The bottom section is essentially one cross-section, with no
openings or differences throughout the section.

The overpacks are large circular structures of polyurethc.ne foam which are
mounted on each end of the cask. Although primarily intended as mechanical
impact limiters, they also function es themal insulators.

For a pictorial view of the basic cask configuration, refer to Figure
"

3.1.1-1.

O
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|3.1.1 Normal Transport Conditions

O
The cask receives heat from two sourtes during nomal transport

ccnditions. These are decay heat from the waste payloao anc insolation.

The decay heat is conductea out of the cask package through the sides,
top, ano bottom. Heat is then oissipated to the outside environr.ient by a
combination of natural convection and radiation. Since the overpacks possess
a very low themal conductivity, the cask surface area covered by these is
assumed not available for heat transfer to the environment.

The insolation load is considered to be a pure radiation load, and is also
effective over the net exposed surface area only (that not covered by
overpacks). Heat from the solar load is distributed throughout the cask by
conouction.

3.1.2 Hypothetical Thermal Accident Conditions

Heat from the hypothetical fire is transferred to the outer steel shell
plates by radiation.

Heat is 61stributec throughout the cask by conduction through the leaa
shielding layer and conduction through the inner steel plates.

The steel shell plates ano the lead shielding will store heat durin9 the
period of the fire and, subsequent to the fire, will dissipate this heat to
the surrounding environment by natural convection ana radiation.

As previously mentioned, the outside surface area of the cask which is

covered by the overpacks is considered not available fcr raciation input from
the fire, or for the subsequent convection and radiation to the cutside.
However, the entire metallic mass of the cask contributes to its conductive
behavior, and its attendant capability for storage of heat.

O
V
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3.1.3 kesults of Thermal Anolysis

The cask has been evaluated for a decoy heat of 100 watts. Steua -states

analyses have been perfoned for this decay heat value at ambient ' air
temperatures of 100*F and 130*F. In addition, a transient analysis has been
perfonned for the hypothetical themal accident conditions a 1475*F radiaiton
environment with a 100*F ambient air temperature.

Important temperatures in the cask for both nonnal transport conditions
and hypothetical thermal accident conditions are summarized below.

Normal Transport Conditions - Temperatures, *F

Anbient Inner Lead Primary Seconda ry Outside
Outside Air Cavi ty Shielo 0-Ring Lid Seals Surface

100*F Max. 151 138 138 141 151

hin.132 132 138 141 132

130*F Max .177 164 165 168 177'

Mi n. 159 159 165 168 159

Hypothetical Thennal Accident Conditions - Temperatures,*F. , haximur,i *
An.bient Air Temperature = 100*F

Inner Lead Primary Seconaary Outside
Time Cavity Shield 0-ri ng Li d Seal s Surface

At 1/2 hr. hax. 342 252 142 209 612
after thennal
accident begins Mi n.139 139 142 209 336

Wi thin 10.0 Max. 360 359 220 224 612
hr. af ter thermal
accident begins Mi n. 132 132 138 141 132
* incluoes heating due to cecay heat and insolation.

The maximum value of the minimum cavity temperature was found to be 215*F.

(_./ Iniportant conclusions derived from the above results include:

3-4
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3.1.3 kesults of Thermal Analysis (continued)

O (1) The lead shield does not melt under hypothetical themal, accident
,

conditions (maximum lead temperature = 359'F at the outside of the
lead shield); T = 621*F.lead melt

(2) The components of the closure system (primary o-ring seals, and
secondary lic seals) are exposed to temperatures not in excess of
224*F. Silicone seals retain excellent sealing properties to
temperatures exceeding 600*F.

(3) The maximum predictec temperature at any location within the cask
cavity, at any time, is 360*F.

(4) The maximum pressure within the cask cavity is 6.7 psig under nomal
operating conditions and 19.2 psig under themal accident conditions.

O

;
!

|
:

!
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3.2 Summary of Thermal Properties of Materials. s.

Themal material properties used for analyses weie'taken from'several
, .

sources listed in Appendix 3.6. -

y..

For each material within the cask Q.e., carbon stec1, lead) relevant
material properties were selected. Density is assumed constant; however ~

themal properties such as specific heat and conductivity (which can vary
significantly with temperature) are represented by tables which show how the
particular property varies over the range of temperatures encountered. The
tables are shown below: e -: "
Carbon Steel (Ref.1) ,

Temperature Specific Neat Conductivity Density -

p

70*F 0.1033 Btu /lbm *)' 35.1 Btu /hr-f t *F 4891b/f t3 .,

100 0.1053 34.7 :
'

200 0.1121 33.6
300 0.1177 5 32.3 .-

'

400 0.1234
' "29.5 ^

30-9 --

50 0 0.1276 %

O 600 0.1322 28.0 7' V n,.
-

-
700 0.1381 26.6 ..

'

600 0.1452. 25.2 - .

900 0.1535 -n 23.8 - ''

1000 0.1624 ~~ 22.4 m ,

1100 0.1710
' * 20.9 c -

"'

'~ "
1200 0.1629 19.5 -

1300 0.2045 18.0
'

-

1400 0.4010 7 16.4, -

*
, .

,

1500 0.1982 15.7'
~

g.
-

~ '

| Lead (Ref. 3) c ,

I
- - -

, ,

l 32*F 0.0306 Btu /lbm-F 20.3' Btu /hr-f t *F 710 lb/ft3
,

* -

,

212 0.0315 19.-3 ' x,

392 0.0325 18.2
572 0.0335 17.2

~

752 0.0328 - .s s - -;

The emissivity of carbon steel was taken as 0~.65 (Ref. 4) and the solar [
~

absorptivity was 0.40 (See discussion, Section 524.'1.1) X.< .

N.
. .

'

> s

'
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Technical Specifications of Components3.3

Not Applicable.'~.

, ,-
.

.

Themal Evaluation f or Nonnal Londitions of Transport.3.4
-

,

T' 3 .4 .1 ~ Thennal Hoael''

i

- sx' jl.4.1.1 Analytical hodel A steady state thermal analysis was
.

perfon.1ed in. order'to evaluate the cask during nomal conditions of
, transport. Specific conditions and assumptions were as follows:
'

. ,i.

U )i 100 watts internal decay heat
. ,s

2(2) 300 Btu / hour-feet solar load (ref. 4, page 130). This was the
severest load, or igest day of the year. This was used in
conjunction with a elar absorptivity of 0.40, to give a net solar

,
2

k ' v' ' load of 126 Stu/hcur-f eet .
, -

' . The cask will be painted white; ref. 3, page 3-22 gives solar'

..;ebsorptivity fcr white painted surf ace as 0.26. Using 0.40 for the
'

n' absorptivity lends conservatism to the solar heat load, inasmuch as'

,.

N
.

this results in a , higher thermal loaoing.
.

The maximum insolation given in Table 1, NRC Regulatory Guide 7.8 is:
N g

o

2
'(f or curved surfaces) 1475 Btu /f t /12 hours = 122.9 Stu/ hour-feet

2
This is comparable to the solar load of 120 Btu / hour-feet which

s

I5 ,' was used in the anaNsis.
'

'

-

(3) All radiation shape f actors (F) have been assumed to be equal to 1.0,
1-

_

as birtually'al'1 heat snitted from one radiating surface is received''
-

_
by 'the next surf ace.

1

J s. -.
.

'

s
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3.4.1.1 Analytical Model (contiued)

k (4) Standard English units were used throughout the analysis. Units useo:
~

Lensth: feet '
-

Heat: Btu
Time: hour

,

The only exception to this is the watt, which is useo to express
decay heat. To obtain compatibility with other units useo, the
conversion 1 watt = 3.414 6tu/ hour was useo.

;

(5) Thennal mass and conductivity of the payload were ignored. Thi s
represents a conservative assumption.

(6) Convective heat transfer fron. the outside surface was modelled as,

natural convection from an upright cylinder 'or the sides of the cask:

For Vertical Plates or Cylinders (Ref. 2, p. 219)

h = 0.29( 7) M
aT

h = Convective Heat Transfer Coefficient, BTU / hour - feet 2 , .7
IAT = Temperature Difference, Tsurface - Tambient>

L = hajor Dimension of Cylinder, feet

This is utilized in Conjunction with the total convective heat flow

relation:

Q = h A AT Q = Heat flow, Btu / hour
2A = Surf ace area, f eet

AT = Temperature difference

=Tsurface - Tambient'

Convective heat transfer from the top and bottom sections was modelled in
a similar f ashion, except the equation for the convective heat transfer

coefficient, h, was:

O
3-8
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3.4.1.1 Analytical Model (contiued)
/ !

h = 0.27 (k)1/4 (Ref.2, p.219) ',
T

'

.

h = Convective Heat Transfer Coefficient
2Btu / hour-feet *F

AT = Temperature Difference

=Tsurface - Tambient'
L = Major dimension of plate, feet

Using the above asumptions, an analytical model was created which

effectively raodelled themal behavior of tha package. The package was divided
into geometric se5raents. Each segment contained appropriate therm 1
resistances ano themal conductances as required.

This model was implemented using the MITAS-II sof tware packa9e. The

program balanced the heat flow equations using a finite differencing
algori thm. A graphical representation of the thermal network used in the

'

analysis may be found as Figure 3.4.1-1.

Steady state analyses were perfomed for both 100*F and 130*F ambient air

temperatures. The blTAS-II program detemined when steady-state conditions
were achieved by examining heat flows throughout the cask; when these
stabilized within a small margin, the model was assumed to be steady state.
The heat flow criterion used for this analysis was 100 Btu / hour; i.e., when
all heat flows were within 100 Btu / hour of each other, steady-state conditions
were assumeo to exist.

3.4.1.2 Test hodel Not Applicable

( 3.4.2 Maximum Temperatures

Maximum temperatures of the package for normal transport conditions are
listed below:

O
,
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3.4.2 haximum Temperatures (continued)

Outside Air Inner Lead Prima ry Secondary Outside
Temperature Ca vity Shield 0-rings Lid Seals Surface

100*F 151 138 138 141 151

130* F 177 164 165 166 177

3.4.3 hinimum Temperatures

Since the package can be n.oved without a payload, the rainimur. teraperature
obtaineble at any point is the minimum ambient temperature of -40*F.

3.4.4 haximuu Internal Pressures

The cask will reach a maximum internal pressure of 6.7 psig for an ambient
outside air temperature of 130*F. This pressure will be the worst internal
pressure the cask will experience under steady-state thermol conoitions. It

is a function of the minimum internal temperature. Although the package is in
Os a steady-state condition and balanced in regard to heat flows, different

temperatures will exist throughout the package interior. For a discussion of
package interior temperatures ana their si nificence to internal pressure9

calculations, refer to Appendix 3.6.2.

| The minimura interior temperature is 159'F for steady-state conditions with

| a 130*F ambient outside air temperature.
|

To find the maximum internal pressure, assume the cask is loaded at 70*F
ano 14.696 psia. From the saturated water tables (ref. 8, Page 456), the
partial pressure of water is 0.3631 psia. Therefore, the partial pressure of
air at 70*F is:

;

| Pa tmos - Pwater = Pair

j 14.696 -0.3631 = 14.333 psia = P
air

From the saturated water tables, the partial (vapor) pressure of water at
159'F is 4.638 psia.

3-11
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3.4.4 haximuni Internal Pressures (continued)

The partial pressure of air at 159'T may be found from the perfect gas law:

P Pg 2

T{"Tj

In this case, T3 = 70*F, P3 = 14.333 psia, T2 = 159*F. However, the
perfect 9as relation requires all temperatures to be absolute temperatures.

Py = 14.333 psia
P14.333 2 Ti = 70*F = 530*h,

530 619 T2 = 159'F = 609*R

P2 = 16.739 psia = partial pressure of air at 159'F.

The absolute pressure will be the sum of the partial pressures:

P =Pwater + Pair = 4.638 + 16.739absolute
= 21.378 psia. (6.66 psig)

3.4.5 Maxinium Thennal Stresses.

A comprehensive evaluation of package stresses for the 130*F ambient
temperature condition is presented in Section 2.6.1. The analysis used a

firitte element model, describeo in Section 2.10.2.3, to assess stresses in the
package. The results of that analysis are shown in Table 3.4.5.

3.4.6 Evaluation of Package Performance for Normal Conditions of Transport

The thennal behavior of the package is completely consistent with the
allowables for all materials of construction. In addition, the maxiwa

predicted temperature of the payload cavity,177'F, is below the established
service limit for silicone seals.

| D
b

,
'
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3.5 flypothetical Accident Thermal Evaluation

.

3.5.1 Themal Model -

.

For purposes of analyzing the package perfomance during the hypothetical
themal acciaent, a transient themal analysis was conducted. This utilized
the same thermal network roodel that was used for the steacy state ar.alysis;

geometric segments, themal resistances, and thermal capacitances were
identical. Listed below are other conoitions and assumptions which were
included in this analysis:

e All conditions and assumptions named in Section 3.4, items 1
through 6.

e The hypothetical fire was modelled as a black boay pure raciation
source, at 1425*F. 10 CFR Part 71, Appendix B, states that modelling
shall be that of a " standard" fire, in which, "the heat input to the
package is not less than that which would result from exposure of the
whole package to a radiation environment of 1475'F for 30 minutes
with an emissivity coefficient of 0.9, assuming the surfaces of the
package have an absorption coefficient of 0.8". Thus the exterior
surface of the package, not covered by overpacks, can be assumed to

possess an emissivity and absorptivity of 0.8. The emissive power of

the hypothetical accioent sourte is assumed equivalent to a grey boay
with an emissivity of 6.9 at a temperature of 1475'F. This is
equivalent to a black body source with a temperature of 1424.71*F.

T =LE (l )4]II4o g g

T = L(0.9)(1475 + 459)41/4 - 4593o

T = 1424.71*F
o

O
3-14

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



3.5.1 Therual hodel (continued)

As part of the initial starting conditions, the package is brought to !

themal steady state; the outside air temperature is 100*F, and the package
may dissipate heat to the environment through both radiation and convection.
At this point, the hypothetical themal accioent conditions are imposed on the
package. This involves removing the convective oissipation and then applying
the 1425'F radiation load to the exposed external surface of the package. The
duration of this load is 1/2 hour. Following this, the convective dissipation
is reapplied and the package is allowco to dissipate heat to the environment
by both convection and radiation.

The analysis evaluated temperatures throughout the package, once every
fif teen minutes, for a total period of 10.0 hours. Plots of temperature vs.
time are shown in Figures 3.5.1-1 through 3.5.1-11.

It should be noted that initial temperatures within the package, for the

-
transient analysis, are approximately 30*F hi her than outside air3

This is the result of assuming initial conditions to be thosetemperature s.
associated with a 100*F ambient atmosphere.

3.5.1.1 Analytical Model As previously stated, the package was
Withinthema11y modelled by dividing it into specific geometric segments.

each segment, noces (themal capacitances) and conductances (themal

resistances) were created to model thermal characteristics in both
lon9 tuoinal and radial directions. These, in turn, were connected segment to1

segment. This reflectec the way heat flows throughout the package. A
|

graphical representation of the thermal ne twork may be found as Figure 3.4.1-1.
|

3.5.2 Package Conditions and Environment

|
Free drop and puncture test damage do not measurably alter the themal

|
behavior of the package. Specifically, free drop damase only affects the
geometry of the overpack. Since the net effect of the overpack is to enforce
near adiabatic thermal boundary conditions on the package ends, any change to
the thermal characteristics of the overpack is of modest set.ond order

proportions.

3-15
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3.5.3 Package Temperatures

Results of the transient thermal analysis are as follows: -
-

,

Temperatures

Ambient Air Temperature = 100*F

Lowest Tel..p. Highest Ter.ip. Lead Prircary Secondi.ry

Time within cavity within cavity mio-point 0-Ri ng Lid seal

at T=1/2 hr 139 342 184 142 209

dt T=3/4 hr 141 360 213 149 225

at T = 10 hr 215 215 219 214 205

Temperature vs. time plots for selected locations within the cask may be
found as Figures 3.5.1-1 through 3.5.1-11.

3.5.4 Maximum Internal Pressures

The cask will reach a maximum internal pressure of 19.2 psis as a result

of the hypothetical themal accident.

The maximum pressure experienced by the cask will be a function of the
maximum value of the minimum interior temperature. Thi s temperature, 215'F,
is reacheo 10.0 hours af ter the beginning of the hypothetical themal
accident. For a discussion of the significance of this temperature in
detemining internal pressures, please refer to Appendix 3.6.2.

0
0
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3.5.4 Maximum Internal Pressures (continued)
,

To find the maximum internal pressure, assume the cask is initially loaded
at 70*F, and 14.696 psia. From the saturated water tables (ref.8[ page 456),
the partial pressure of water at 70*F is 0.3631 psia. Therefore, the partial
pressure of air at 70*F is:

Patmosphere - Pwater air
=P

14.696 - 0.3631 = 14.333 psia = P
air

From the saturated water tables, the partial (vapor) pressure of water, at
215'F, is 15.655 psia. The partial pressure of air at 215'F may be founo from
the perfect gas law:

P P

_1 = 2_

T Ty 2

In this case, Ty = 70*F, P3 = 14.333 psia, T2 = 215*F. However the
perfect gas relation requires all temperatures to be absolute temperatures.

P3 = 14.333 psia
14.333 , P2 T1 = 70*F = 530*R
530 675 T2 = 215*F = 675*R

P2 = 18.254 psia = partial pressure of air, at 215'F.

The absolute pressure will be the sum of the partial pressures:

P =Pwater + Pair = 15.655 + 18.254 = 33.9 psiuabsolute

33.9 psia - 14.69 = 19.21 psig.

<,

O
|
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3.5.5 haximum Themal Stresses

'

A comprehensive evaluatio,. of package stresses during the fire accident
conditions is presented in Section 2.7.3. The analysis used an axisymmetric

finite element model, described in Section 2.10.1.3, to assess stresses due to
the themal and pressure loads on the package. The results of that analysis

l

are shown in Table 3.5.5

3.5.6 Evaluation of Package Perfomance for the Hypothetical Accident

Themal Conditions

The themal behavior of the package is completely consistent with the

allowables for all materials of construction. In particular, the maximum

predicted temperature of the payload cavity, 360*F, is well below the
established service limit of 500*F for silicone seals.
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(2) Holman, J.P. Heat Transfer, hcGraw-Hill,1977
(3) Rohsenow and Hartnett, Handbook of Heat Transfer, McGraw-Hill,

1973

| (4) Shappert, L.D. " Cask Designer's Hanobook", Okhl NSIC-66, Oak
! Ridge National Laboratory,1970

(5) blTAS-II User's Nanual, CDC Cybernet Services, Control Data Corp.
(6) Packaging of Radioactive Materials for Transport and

Transportation of Radioactive Naterials Under Certain

l Conoitions, Code of Federal Regulations, Title 10, Part 71,
January 1,1981

|
(7) hark's Standard Handbook for Nechanical Engineers, 8th Edition,

| McGraw-Hill ,1978

(8) Reynolds, William C., Thermodynaraics, Secono Edition,
|

hcGraw-Hil l ,1968.
<
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3.6.2 Significance of Mnimura Tensperatures in Calculation of Cask Internal
,

Pressures

.-

The maximum pressure developed within the packa9c will be directly related
to the minimum interior temperature at any J ven time. The behavior ofi
residual moisture within the cask cavity can be characterized by evaporation
from the hotter surfaces and condensation on the coolest surfaces. These two d

conflicting requirements will reach a state of equilibriur.. pressure equal to
the saturated vapor pressure associated with the conoensation temperature,
which will be the minimum internal temperature of the cask.

If the cask is in a steady-state thermal condition, the temperature will
be time-invariant for a given location (although teraperatures will be
different at af fferent locations). In this case, there will be one minimum

temperature within the cask, and this will be the significant parameter in
detenaining internal cask pressure for the steady-state themal condition.

If the cask is in a transient thermal state, as it is when it has

undergone the hypothetical themal accident, it will be necessary to find the
maximum value of the minimum interior temperature. When a large thermal

loading is imposed upon this cask (as in the case of the hypothetical themal
accident) it will heat up unevenly, with some locations heating f aster then
others. This is due to the fact that the themal loading is applied through a
partial area of the cask (the cutside surf ace area not covered by overpacks),
and because some regions of the cask have more themal capacitance than
others. Consequently, the minimum interior teuperature will vary over time.
Since the internal pressure is directly related to the minimum temperature,
the maximum value of this minimum interior teraperature must be found in order

|
to find the maximum cask pressure.

'
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4.0 CONTAINMEhT

O
This chapter describes the containment configuration of the Model

CNS8-120B Package for normal transport and hypothetical accident conditions.

4.1 Containment Boundary

4.1.1 Containment Vessel

The package containment vessel is defined as the inner shell of the

shielded transport cask, together with the associated lid o-ring seals, and
lid closure bolts. The inner shell of the cask, or containment vessel,
consists of a right circular cylinder of 62 inches inner diameter and 75
inches inside height. The shell is fabricated of 3/4 inch thick carbon steel
plate, ASTM A516-70. At the base, the cylindrical shell is attached to a
primary circular end pine v th full penetration welds. The primary lid is
attached to the cask bouy with thirty-two (32) equally spaced 2-8 UN bolts. A
secondary lid covers a 29 inch opening in the primary lid and is attached to

'

the primary lid using twelve (12) equally spaced 2-8 UN bolts. See Section
| 4.1.4 for closure details.
l

l

4.1.2 Containment Penetration

There are four penetrations of the containment vessel. These are (1) an
optional drain line; (2) a primary lid seal test port; (3) a secondary lid
seal test port, and (4) a cask vent port located in the primary lid. Located
at the cask base, the drain line consist of a 2 inch diameter steel rod,
drilled to 0.75 inches diameter, penetrating into the second 31/2 inch iner

| of steel that fonns the cask bottom. A 0.63 inch diameter hole, drilled at a
right angle, opens on the side of the outer shell near the cask bottom. The

| two seal test ports penetrate to the space between the double sehls on both

the primary and secondary lids. A vent port penetrates the priraary lid into
the main cask cavity. All four penetrations are sealed with silicone Parker
Stat-0-Seals or equivalent.

O
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4.1.3 Welds and Seals - ' -
.

+
,

,

The containment vessel is fabricated using full penetration groove weltis.
All weld configurations are designed and fabricated ta the intent of Section _
III of the ASE Boiler and Pressure Vessel Code. Seals are described in M
Sections 4.1.2 and 4.1.4.

' ' "
s-
' '

-,

w

4.1.4 Cl osure ,
s O.

The top (primary lid) closure consists of two 31/2 inch thick laminated' ' (
'plates, stepped to fit over and within the top edge of the cylindriedl body.

The lid is supported at the perimeter of the cylindrical body by 21/2 inch _ < ,

plate welded to the top of the inner and outer cylindrical body walls. Thi s
plate confines two (2) solid, high temperature silicone 0-rings in machined y

groove s. Groove dimensions prevent overcompression of the 0-rings by thes
closure bolt preload forces and hypothetical accident impact forces. The lid

O is attached to the cask body by thirty-two (32) equally spaced 2-8 UN bolts.
These bolts are torqued to 600 f t-lbs. + 10 percent (lubricated). The cask is
fitted with a secondary lid of similar construction attached to the primary
lid with twelve (12) equally space 2-8 UN bolts, fabricated of SAE Grade 8
material . The secondary lid is sealed wth two (2) solid, high temperature
silicon 0-rings in machined grooves. t

The vent, test ports, and drain penetrations are sealed with Parker
Stat-0-Seals which are used beneath the heads of the hex head cap screws at
all locations. Table 4.1.4 gives the torque values for the cap screws.

I
r

r
l

I
|
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TABLE 4.1.4 Bolt and Cap Screw Torque Requirements
c,s-

*% ,,

0CA110NS SIZE _ TORQUE VALUES i 10 (Lubricated),

in-1 bs f t-1 bs
.

'

Test Ports (2) 3/8 in. 144 12

Jsht 1/2 in. 240 20

Drain 3/4 in. 960 80
s

Pr.imary Lid 2-8 UN' ' 500---

Secondary Lid '\ 2-0,UN 500---
,

s x

? _4.2 Contain_ ment 1Reybjrements For N_ormal Conditions Of Transport
,

4.2.1 Release of' Radioactive Materials

The CNS 8-120b cask is designed to assure no release of radioactive material
' in ex' cess of limits prescribed in N.R.C. Regulatory Guide 7.4, " Leakage Tests"

O on Packages for the Shipment of Radioactive haterials," under normal
conditions of transport.-

.

' The CNS 8-120B package is designed to accomodate a variety of payloads with
differing contents. The package is fabricated for leak tightness (1) and
tested'such that the package gaseous leakage does not exceed 1x10-7
atm.cm /sec, at standard conditions as defined in ANSI N14.5-1977. To
demonstrate leak tightness, the sensitivity of the leakage test procedure will

3be 5 x 10 -8 atm.cm /s, or better.

3(1) Leaktight level: A leakage rate of 10-7 atm.cm /s or less, based on
0dry air at 25 C and for a pressure differential of 1 atm against a vacuura,

2of 10 atm or less is considered to represent leak tishtness. (ANSI N

14.5-1977, Section 3, 3.7) .

O
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|

O' By use of a leak tight design, compliance of the CNS 8-120B package with the
requirements of N.R.C. Regulatory Guide 7.4 is assured. In accordance with
the Regulatory Position, Paragraph C of this guide, compliance of the CNS"

8-120B package with the requirements of Section 71.35 of 10 CFR 71, for "no

release of radioactive material from the containment vessel," Paragraph
71.35(a)(1), is demonstrated.

4.2.2 Pressurization of the Containment Vessel

Section 3.4.4 summarizes nomal condition temperatures and pressures within
the containment vessel. These pressures and associated temperatures are useo
to evaluate integrity of the CNS 8-1208 package. None of these conditions
reouce the offectiveness of the package containment.

4.2.3 Coolant Containment

hot applicable; there are no coolants in the CNS 8-120B package.

O 4.2.4 Coolant Loss

Not applicable; there are no coolants in the CNS 8-1208 package.

l

,

|O
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4.3 Containment kequirements For
The Hypothetical Accioent Conditions

The following is an assessment of the packaging containment under the
hypothetical accident conditions as a result of the analysis perfonned in
Chapters 2.0 and 3.0. In sunnary, ine containment vessel was not affected by

these tests (see section 2.7).

4.3.1 Fission Gas Products

There are no fission gas product present.

4.3.2 Release of Radioactive Materials

The CNS 8-120B package is designed to assure no release of radioactive
material in excess of limits prescribed in N.R.C. Regulatory Guide 7.4,
" Leakage Tests on Packages for the Shipment of Radioactive Materials," under
hypothetical accident conditions.

O
The ChS8-120B package is designed to accomodate a variety of payloads with

differing contents. Provided the package is fabricated and tested to a leak-
IIItis t level compliance of the CNS 8-120B package with the requirementsh

of N.R.C Regulatory Guide 7.4 is assured. In accordance with the Regulatory

Position, Paragraph C of 'his guide, compliance of the CNS8-1208 package with
the requirements of Section 71.36 (a)(2) of 10 CFR 71, for "no release of
radioactive material from the containment vessel.... exceeding specified

limits" is demonstrated.

(1) Leak tight: A leakage rate of 10-7 atm.cm /s or less, based on dry3

0air at 25 c and for a pressure differential of 1 atm against a vacuum of
10-2 atm or less is considered to represent leaktightness. (AhSI

N 14.5-1977, Section 3, 3.7) .

O
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5.0 SHIELDING EVALUATION

5.1 Discussion and Results

5.1.1 Operating Design

The Ch5 8-110b will be operated such that the contents in the cask
will not create a dose rate exceeding 200 mrem./hr. on the cask surface, or 10
mrem./hr. at six feet from the cask surface.

The package shielding must be sufficient to satisfy the condition of
10 CFk Part 71, paragraph 71.36(a)(1) for the hypothetical accident
conditions. Any shielding loss resulting from the 30 foot drop or the fire
transient will not increase the external dose rate to mroe than 1000
mrem./hr.at 3 feet from the external surface of the cask.

5.1.2 Shielding Design Features

O
The cask side wall consists of an outer 1.51.ich thick steel shell

surrounding 3.5 inches of lead and an inner containment shell wall of 0.75

inch thick steel. Total material shield thickness is 2.25 inches of steel and
3.5 inches of lead.

The primary cask lid consists of two layers of 3.5 inch thick steel,
giving a total material shield thickness of 7.5 inches of steel. This lid
closure, is made in a stepped configuration to eliminate radiation streaming
at the lid / cask body interface.

A secondary lid is located at the center of the main lid, covering a
29.0 inch opening. The secondary lid is constructed of two 3.5 inch steel

| plates with multiple steps machined in the secondary lid. These match steps
in the primary lid, eliminating radiation streaming pathways..

5.1.3 Maximum Dose Rate Calculations

O
Table 5.1.3-1 gives both nonnal and accident condition dose rates for

a typical loading of the cask. The following assumptions were used to develop

the values given in the table.

5-1
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Table 5.1.3-1

O SUMMARY OF MXIMUM DOSE RATES (arem/hr)

Package Surface 3 Feet From
Si de Top Bottom Surf ace of Package

Side Top Bottom

Nonnal Conditions
(1) (1)

gamma 105 200 200 2.1 5.7 5.7
neutron 0 0 0 0
total 105 200 200 2.1 5.7 5.7

Hypothetical Accident
Conditions
gama 1
neutron h same as for nomal conditions shown above
total j

1000 1000 100010 CFR 71 Limit ---- ---- ----

5.1.3.1 Nonnal Conditions

(1) The sourx:e is modeled as a point source which can exist on any
inte;f or cask surface. The sourt:e is considered to be in contact

with all inner cask surf aces at the same time.

5.1.3.2 Accident Conditions

(1) Lead slump (see Section 2.7.1.1) causes no increase in dose rate.

(2) The cask shielding configuration after a 30 foot drop and other
accident tests is the same as before the drop.

(1) The lower reading on the side vs the top or bottom comes from the
assumption of a steel buildup factor for the laminated side walls. The side
walls and top / bottom have the sar.e lead equivalent value based on Co-60

O enersies.
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5.2 Source Specification

O
4 5.2.1 Gamma Soume

!

60The equivalent point soun:e, assuming Co energies, is detennined for
the nonnal geometry. This equivalent soun:e is then used to evaluate the
effects of the hyptohetical accidents.

The point soun:e is determined as follows:

-b
1

BS e
nd=

24xr

where,

2s = Photon Flux, y/cm - sec

y

s = Equivalent Source,y/so

bi=Ipg gt
,

i i
B = Buildup factor
r = distance from soun:e to dose point

5.2.2 Neutron Source

There are no sources of neutron radiation in the radioactive materials
carried in the CNS 8-120B cask.

5.3 Model Specification
,

.

Description of Radial and Axial Shielding Configuration5.3.1
|

Description of the radial and axial shielding material models are shown in
Figure 5.3.1-1.
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LADIAL MODEL: -

(Not to scale) |
~

Cask Dose Point
Radius Lead

'

,'

,
_ ,_-

N

oint Source of ,

Intensity S \g

arbon Steel *

0 . 75 " -- |+-3.M -1.5" .
.

_.5 . 7 5 ".-
,,

O
AXIAL MODEL:

- a ;

(Not to scale) .

h
Point Source of
1 Intensity S Dose

Point((
Same '

\ \ ~ O-~
y

} 1 \s

(Carbon Steel *As N
-

Closure
{End

,

3.5L~.

h7.0"~
.

QCASK BOTTOM LID CLOSURE END Q

*0ptional stainless steel liner not included

FIGURE 5.3.1-1 Radial and Axial Models- Shielding
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5.3.2 Shield Region Densities

The mass densities for each material are shown in the table below.

TABLE 5.3.2 SHIELD REGION DENSITIES

NATERI AL ELi{ INT DENSITY (g/cc)

Carbon Steel Fe 7.86

Lead Pb 11.34

5.4 Shielding Evaluation

5.4.1 Radial Model

The gansna radiation sources that correspond to regulatory dose rate limits
for the cask in a radial direction were calculated assuming a point source.
This gives the most conservative approach and allows for the wide variety of

O soun:e geometries that could be encountered transporting irradiated non-fuel
components. The dose model used for this calculation is shown in Figure
5.3.1-1.

The point soun:e is detennined as follows:

|

S -b
1d = KB c

2Y 43a
2

where 6, = Photon Flux,y/cm -sec
K = Flux to dcse conversion = 2.4x10-6 R/hr.

for 00-60 d,

S = Equivalent source, y/sec
o

bl"E k tiiy
B = Buildup factor
a = Distance from source to dose point, cm

O
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/' through the side of the cask, the following values are used:

Lead: t = 3.5 inches = 8.9 cm,u/p = 0.0600 cg
9

0.684 cm-1ra
Steel: t = 2.25 inches = 5.7 cm, p/p = 0.0515 cy

9

p = 0.415 cm-1

Giving: bi = 6.5

the buildup factor is taken for iron to represent the laminated shield.

Therefore:B = 11.5

Two dose rates will be considered:

D1 = 10 mrem /hr, where a = 15cm (5.75 inches) + 200cm = 215 cm
This gives:

'

D
1

(43a2) (see 5.2.1)So=
KBe-bi

20.01 Rem /hr (41)(215 )=

(2.3 x 10-6)(11.5)(2 x 10-4)

So = 1.1 x 10 sN
and,

D2 = 200 mrem /hr, where a = 5.75 inches = 15cm

which gives:
20.2 rem /hr (41)(15 )

( 2.3x10-6) (11.5) (2x10-4 )

So = 1.1 x 1011 y/sec.

The dose rates at 3 and 6 feet from the side surfaces of the Ch5 8-120b
are shown in Figure 5.4.1-1 for various sourt:e strengths.

,

O
.
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t 5.4.2 Axial Model

The gamma radiation sources that correspond to re3ulatory dose rate limits
for the cask in an axial direction were calculated assuming a point source.
This gives the most conservative approach and allows for the wide variety of

,

soun:e geometries that could be encountered transporting irradiated non-fuel
c omponents. The dose model used for this calculation is shown in Figure
5.3.1-1.

The point source is determined as follows:

S -b
Id = KB 2:Y 4a

2
where d = Photon Flux,y/cm -sec

K = Flux to dose conversion = 2.3x10-6 R/hr.
for Co-60 dy

S = Equivalent source, y/sec
'o

' by = tju9 gt
B = Buildup factor
a = Oistance from source to dose point, cm

Through the top of bottom of the cask, the following values are used:

Lead: None present

Steel: t = 7.0 inches = 17.8 cm, u/p = 0.0600

-1p = 0.415 cm

Giving: by = 7.4

the buildup factor, taken for steel is:

B = 10

0
.
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Two dose rates will be c.onsidered:

D1 = 10 mrem /hr, where a = 17.8 cm (5.75") + 200cm = 218 cm

which gives,
D

1

KBe-b (43a2)So = (see 5.2.1)
i

20.01 Rem /hr (43)(218 )=

(2.3 x .0-6)(10)(6.1 x 10-4)

So = 4.3 x 10:1

and,

D2 = 200 mrem /hr, where a = 7.0 inches = 17.8cm

which gives:
20.2 rem /hr (43)(17.8 )

(2.3x10-6)(1))(6.1x10-4)

OSo = 5.7 x 10 y/sec.

The dose rates at the surface of the top or bottom of the cask and at 3

| and 6 feet from the surfaces are shown in Figure 5.4.2-1 for various source
streng ths.

5.4.3 Accident Conditions

The cask shielding must be able to limit the dose rate to 1 Rem /hr at
three feet from any surface of the cask after the cask goes through the
accident conditions (i.e. fire, 30 foot drop test, etc.).

As the cask shielding is not reduced under the accident conditions,
radiation levels will be the same before and af ter the aacident. This gives a
dose of 5.7 mrem /hr at 3 feet from the surface of the cask, a factor of 175

1

I times below

(1000 mrem /hr = 175)5.7 mrem /hr

O the dose rate limit of 1.0 Rem /hr 3 feet from the package surface after an|

| accident.
!

i
|
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; 6.0 CRITICALITY EVALUATION
4 ,

: The section is not applicable to the 8-120B cask as it is not +

| intended to be used to transport fissile constituents.
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7.0 OPERATIhG PROCEDbkE

This chapter describes the general procedure for loading and unloading of the
Ch5 8-120B Cask.

7.1 Procedure for Loading the Packase

7.1.1 Loosen and disconnect ratchet binders from upper overpack.

7.1.2 Using suitable lifting equipment, remove upper overpack assembly.
Care should be exercised to prevent damage to overpack during

handling and storage.

7.1.3 Determine if cask must be removed fom trailer for loading purposes.
To remove cask from trailer:

7.1.3.1 Disconnect cask to trailer tie-down equipment.
7.1.3.2 Attach cask lifting ears and torque bolts to 200 ft-lbs +

20 f t-lbs lubricated.
7.1.3.3 Using suitable lifting aquipment, remove cask from trailer

and the lower overpar.k and p16ce cask in level loading
position.

7.1.4 Loosen and remove the thirty-two (32) bolts which secure the primary
lid to cask body.

7.1.5 Remove primary lid from cask body using suitable lifting equipnient.
Care should be taken during lid handling operations to prevent damage
to cask or lid seal surfaces.

7.1.6 Inspect cask interior for damage or loose materials. Clean and
inspect seal surf aces. Replace seals when defects or damage is noteo

- which may preclude proper sealing.

NOTE: When seals are replaced verification leak testing'is required as
specified in section 8.2.

7-1
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7.1.7 Place disposable liner, drums or other containers into cask, shoring or
bracing as necessary to restrict movement of contents during normal
transport.

7.1.8 Clean and inspect lid seal surf aces.

7.1.9 Replace and secure lid to cask body using the thirty-two (32) lid bolts
torqued to 500 f t-lbs + 50 ft-lbs lubricateo.

7.1.10 If cask has been removed from trailer, proceed as follows to return
cask to trailer:

7.1.10.1 Using suitable lifting equipment, lift and position cask into
lower overpack on trailer in the same orientation as removed.

7.1.10.2 Unbolt and remove cask lifting cars.
7.1.10.3 Reconnect cask to trailer using tie-down equipment.

|

7.1.11 Using suitable lif ting equipment, lift, inspect for damage and install
V

,

upper overpeck assembly on cask in the same orientation as removed.
t

7.1.12 Attach and hsnd tignten ratchet binders between upper and lower

| overpack assemblies.
i

7.1.13 Cover lift lu9s as required.

7.1.14 Install anti-tamper seals to the dasignated ratchet binder.

7.1.15 Inspect cask for proper placards and labeling.

7.1.16 Complete required shipping documentation.

|

7.2 Procedure for Unloading Package

7.2.1 Move the unopened package to an appropriate level unloading area.

7-2
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7.2.2 Perform an external examination of the unopened pack 69e. Record arty
,

signitr> ant observations..

7.2.3 Remove anti-tamper seals.

7.2.4 Loosen and disconnect ratchet binders from the upper overpack assembly.

7.2.5 Remove upper ovemack assembly using caution not to damage the cask or

overpack assembly.

7.2.6 If cask must be removed from trailer, refer to steps 7.1.3.

7.2.7 Loosen and remove the thirty-two (32) primary lid bolts.

l 7.2.6 Using suitable lifting equipment, lift lid from cask using care during
handling operations to prevent damage to cask and lid seal surfaces.

7.2.9 kemove contents to disposal area.

7.2.10 Assemble package in accordance with loading procedure (7.1.8 through
I 7.1.16).

7.3 Preparation of Empty Packages for Transport

The model CNS 8-120B cask requires no special transport preparation when

empty. Loading and unloading procedures outlined in this chapter shall be
followed as applicable for empty packages.

NOTE: Each package user will be supplied with a complete, detailed operating
procedure for use with the package.

7-3
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8.0 ACCEPTANCE TESTS AND MAINTENANCE

P
8.1 Acceptance Test

Prior to the first use of the CNS 8-120B package, the following tests and
evaluations will be performed.

8.1.1 Visual Examination

The package will be examined visually for any adverse conditions in
materials or fabrication using applicable codes, standards and drawings.

6.1.2 Structural Tests

i 8.1.2.1 Testing of the lifting devices attached to the package,
primary and secondary lids shall be accomplished to meet the standards of 10

CFk 71.31.

8.1.*i.2 Visual examinations during fabrication will identify the

integrity of structural welding and proper fabrication techniques.

II}8.1.3 Leak Tests

The package will be subjected to a Fabrication Verification leak test
prior to first use. This test will provide an evaluatior, of all seals for the
containment boundary. Test procedure sensitivity will be established for

3
detection of any leak greater than 1 x 10-7 atm.cm /sec (Section 4.4.10.).
Any condition which results in a leakage rate in excess of 1x10~7

3atm.cm /sec. will be corrected.

1

(1) ANSI h14.5 American National Standard for Leakage Tests on Packages for

Shipment of Radioactive Materials.

l
1

,

*
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(~S 8.1.4 Component Tests

(J
8.1.4.1 Valves, Rupture Discs, and Fluid Transport Devices The

package has no valves or penetrations into the containment boundary except the
vent and drain lines. The vent and drain seals are verified during leak
testi ng. No additional component testing will be perfomed with the exception
of mechanical tests perfomed on materials used in package fabrication.

8.1.4.2 Gaskets Gaskets and seals will be procured and examined in
accordance with the CNSI Quality Assurance Program. Leak testin3 of the
package will be the final acceptance for gaskets after installation.

8.1.5 Tests for Shielding Integrity

Shielding integrity of the package will be verified by gamma scan or gama
probe methods to assure package is free of significant voids in the poured
lead shield annulus. Voids resulting in shield loss in excess of 10 percent
shall not be acceptable.

Y
8.1.6 Themal Acceptance Tests

| No themal acceptance testing will be perfomed on the CNS 8-120B
package. Refer to the Themal Evaluation, Section 3.0 of this report.

|

<
.
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8.2 biaintenance Program

CNSI is constitted to an ongoing preventative maintenance program for all
shipping packages. The 8-120B package will be subjected to routine and
periodic inspections and tests as outlined in this section and CNSI approved
procedures.

8.2.1 Structural and Pressure Tests

Routine visual examinations will be performed to detect damase or defects
significant to package condition. Exterior stencil s, nameplates, seals and

,

bolts will be verified in place.
t

III8.2.2 Leak Tests

8.2.2.1 Periodic leak testing shall be performed af ter the third use
|
l and within a 12-month period prior to use. The leak test procedure shall be

equivalent to the Fabrication Verification Test with adequate sensitivity to
3detect a leak exceeding 1 x 10-7 atm.cm /sec. Conditions exceeding a le6kI

rate as stated shall be corrected prior to continued use of package.

8.2.2.2 Assembly verification leak testing will be accomplished as part
of preparation for each actual shipment when package is used for greater than
Type A quantities or each three months whichever occurs first. This test will
verify proper assembly procedures have been met and closure lids have been
properly installed. The procedure for assembly verification leak test will
pressurize the area through the installed test ports, testing the outer 0-ring
of each lid. The leak test sensitivity shall be adequate to detect any leak
greater than 1 x 10-3 atm.cm /sec.3

(1) ANSI N14.5 American National Standard for Leakage Tests on Packages for
Shipment of Radioactive Materials.

!

O
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The Ch5 8-1208 package contains no subsystem assemblies.

8.2.4 Valves, Rupture Discs, and Gaskets on Containment Vessel
s

As a minimum, all seals will be replaced prior to the annual leak test.
specified in 8.2.2.1.

8.2.5 Shielding

No shielding tests will be perfomed after acceptance testing unless
damage has required repairs affecting shield integrity. Any shield testing
which af bt be required would be in accordance with the original criteriab

specified in Section 8.1.5.

P
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