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' RESPONSES TO 8-120 QUESTIONS

Question No. 1

The evaluation of the 30-foot drop test (Sect. 2.7.1) does not adequately
demonstrate the integrity 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 lead. The analysis should also evaluate the effects of differential
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.
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 mode
the radial pressures exerted by the lead on the steel shells, the lead nodes
were coupled radially to the steel nodes, thus transferring radial forces
between the lead and the steel shells.

Because part of the loading conditions used in determining the stresses
in the cask included the temperatures from the thermal 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 thermal
gradients and internal pressure.

Question No. 2

The evaluation of 30-foot end drop (Sect. 2.7.1.1) only considers slumping
of the lead. The analysis should be revised to demonstrate the integrity
of the containment vessel and closure under top and bottom end drop
conditions.



Answer

No. 2

Section 2.2.7.1.1 of the revised SAR discusses results of the 30-foot end
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
safety of 2.81.

Question No. 3

The

revised to provide the following information in connection with demonstrating

analysis of the 30-foot top corner drop (Sect. 2.7.1.3) should be

that an adequate seal will be maintained under accident conditions:

Answer

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)
are not valid for this purpose.

No. 3-a

The overpacks in the new design prevent any contact of the cask with
the impact surface. Thus no permanent 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 has
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
soiely 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.




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
bolts. While the cask has been designed to perform 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 piates in the normal direction only.

Question No. 3-c

c. The revised analysis should show that an adequate seal would be
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 tie new design protect the cask and prevent permanent
deformation 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
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
minimum safety factor of 1.44. This stress analysis included the
effects of the lateral pressure of the lead, as discussed in the
response to Question No. 1, above.



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
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 1id 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:

Show that the drain line (see Detail D, DRWG. 119-0500-E01) would
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.



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 -1b/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.

Answer No. 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 Tisted
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
Rel s Lo

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.



Answer No. 4-e

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 permanent
deformation 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 1ipinge upon the end
of the cask. The analysis should consider both the top and bottom ends. The
analysis should include the effects in the local vicinity of the pin and the
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 1id. 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 1id 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 information:

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



Ans rer No. B8-a

‘ 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 page
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.
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1.0 GLMERAL INFURMATION

1.1 Introduction s ¢

This Safety Analysis Report describes a reusable shipping package desiyned '
to protect radioactive material from both normal conditions of transport ana |
hypothetical accident conditions. The package is designated as the Mouel CNS
8-120B package.

1.2 Package Descriptiun

1.2.1 Packag\'m

The package consists cf a steel and leac cylindrical shipping cask with &
pair of circular foam-filleu overpacks pleced peripherally arounc each end.
tach cverpack has én external shell, fauricates from guctile iow carbon steel,
which allows it tc undergo larye deformatiuns without fracturing. Top anu
bottom overpacks are connected by eiyht (8) one-inch ratchet binders. The
volume between the inner and cuter chell of the overpack is filled with a
shock and thermal insulating naterial consisting of rigid polyurethane foan.
The insulating material is poured into the cavity between the two shells and
allowed to expand until the void is conpletel; filled. It bonas to the shelle
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 ana 75
inches high. The cylindrical cask body is comprised of a 1-1/2 inch thick
.xternal steel shell and a 3/4 inch internal steel shell. The annular space

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.
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1.2.1 Packaging (continued)

The cask 1id consists of two (2) 3-1/2 inch thick, flat circular stee)
plates. The 1id is fastened to the cask body with thirty-two (32) 2-8 UN
bolts.

A yeneral arrangement drawing of the package is includec in Appendix 1.3.
It shows the package dimensions a. well as all materials of construction.

1.2.1.1 Containment Vessel The containment vessel is aefinead as the
inner steel shell of the cask bcdy together with closure features comprised of
the Tower surface of the cask 1id, «nd 3¢ e¢qually spaced 2-8 UN closure bolts.

1.2.1.2 Neutron Absorbers There are nv materials used as neutron

absorbers or moderators in the pachaye.

1.2.1.3 Package weight Gross weight for the packaye is approxinately
74000 pounds. This includes a maximum payloau weight of 14050 pounds. '

1.2.1.4 FReceptacles There are no receptacles on Lhis packaye.

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 1id removal, which
may be yeneratea during transport. Each port is sealeu with a silicone
gasket. Specification information for all seals and yaskets is containea in

Chapter 4.

1.2.1.6 Lifting Devices Lifting 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 1ifting ears attached to the cylinarical cask body
are provided. Three iifting lugs are also provided for removal ana handling
of the 1id. Similarly, three 1ifting lugs are provided for removal ana
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1.2.1.6 Lifting Devices (continued)

handling of the secondary 1id. Refer to Section 2.4.3 fur a detailed analysis
of the structural integrity of the lifting devices. '

1.2.1.7 Tie-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 integrity of the tie-down arms.

1.2.1.8 Heat Dissipation There are no special devices used for the

transfer or dissipation ot heat.

1.2.1.9 Coolants There are no coolants involvea.

1.2.1.10 Protrusions There are no outer or inner protrusions excejpt

for the tie-down arms described above. Lifting lugs are removed prior to
transport.

1.2.1.11 Shielding Cask walls provide a shield thickness of 3-1/¢
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 raciological
shielding provided (4.25 inches lead equivalent) will assure compliance with
DOT and IAEA regulatory requirements.

1.2.2 Operational Features

Refer to the General Arrangement Drawing of the packaging in kppendix
1.3. There are no complex operational requirements associated with the
package.

1.2.3 Contents of Packaging

1.2.3.1 Cask Contents The contents of the cask will consist of:
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1.2.3.1 Cask Contents (continued)

(1)

(2)

(3)

(4)

1.2.

Greater than Type A quantities of radicactive material in the forw of
solids or dewatered materials in secondary containers.

Greater than Type A quantities ot radioactive material in the form of
activated reactor components or seyments of components of a nuclear
power plant.

That quantity of any radioactive material which does not generate
spontaneously more than 100 thermal watts of radioactive decay heat.

The weight of the contents in the cask cavity will be limited to
14050 1b.
2.2 Waste Forms The type and form of waste material will incluce:

(1)

[

(<)
(3)

bBy-procuct material consistino of process solids or resins, either
dewa tered, solid, or solidifiec in secondary containers. (See
Section 4.2.1 for specific limitations.)

Neutron activated wetals or wetal oxides in solia form.
mMiscellaneous radiocactive sclicd waste materials.
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1.3 Appendix

CNS &-120L Shipping Cask Drawing
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2.0 STRUCTURAL EVALUATION

This chapter identifies and describes the structural design -7 ine
CNS-6-120b pachagying, components, ana safety systens for compliance with
performance requirements of 10 (Fk 71.

2.1 Structural Lesiyn

3 Discussion

The package has bLeen cesigned to provide a shieldeu containnent vessel
that can withstana the hormal 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 urop test, 4C inch
puncture test, 1475°F thermal exposure, and transfer or dissipation of any
internally generateu heat. The aesign of the packayge satisfies these

requirements.

Principal structural elements of the systew consist of:
. Containnent Vessel

. bioloygical Shield

[ Impact Limiters

These compunents are icentified on the drawing as notec in Appendix 1.3.
Their design ana function in meetiny the requirements of 10 CFK 71 are

giscussed Lelow.

2.1.1.1 Contairment Vessel The cask is comprisec of inner anu outer
AST: -A516, Gr 70, steel shells which envelop a lead shield, a steel base, anc
1id. The inner shell serves as the package containment buuncary. A remuvalle
primary 1id is attached to the cask body with thirty-two (32) equally-spaced
2-8 UN Lolts. A secondary 1id is attached tu the primary 1id with twelve (12)
equally-spaced 2-8 UN bolts.
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7z.1.1.1 Containment Vessel (continued)

The 1iu-to-cask bocy and lid-to-1id interfaces each employ a pair of high
temperature, solid silicone o-rings. A1l transport environments as well as
accident conditions (i.e., 30 foot drop, 40 inch puncture test requirements,
etc.) are met with impact limiters installed as aiscussed in Section ¢.1.1.2
below. All therma. loading and dissipation requiremenis are met as discussed
in Section 3.0.

2.1.1.2 Shielding The area between the two shells ciscussea in
Section 2.1.1.1 is filled with lead. The lead fill is subjected to Gamma Scan
inspectior to assure lead integrity. The designed thickness assures thut 10
biological hazard is presented by the package and all shieldiny requirements
of 10 CFR 71 are met.

2.1.1.3 Impact Liniters The impact limiters (overpacks) are gesiyned
to protect the package from ceformation auring the 30 foot drop and to proviae
thermal protection during the hypothetical fire acciagent condition.

Their construction consists of full weldea steel shells filled with
foamed-in-place rigid structural polyurethane foam. The foan uveforms and
provices eneryy absorbtion during impact.

¢.1.1.4 Summary Detailed discussions of all components and materials
utilizea in the CNS-8-120B Packaye includiny stress, thermal, and pressure
calculations are contained in the applicable sections of this SAR. A drawing
of the inuividual subassemblies and the CNS-8-120B package can be found in

Appendix 1.3.

g.1.2 Desiyn Criteria

2.1.2.1 Normal and Accident Concitions of Transport Regulatory Guide
7.6, “Desiyn Criteria for the Structural Analysis of Shipping Cask Containment
Vessels", was usea in conjuction with kegulatory Guide 7.8, "Load
Combinations for the Structural Analysis of Shipping Casks" to evaluate the
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‘ 2.1.2.1

Norma)l and Accident Conditions of Transport (continuea)

package according to the requirements of 10 CFk 71, Appendix A ana Appendix
k. Material properties used in the analysis can be founu in Table 2.3-1.

(1)

‘ (2)

Containment Vessel

The containment vessel is cvefined to be the insiue steel shell anu
its closures. Reyulatory Guide 7.6 was usea for *he evaluation of
the containment vessel fur buth the Nurmal Cunuitions ot Transport
and the Hypothetical Accident Conditions. Material properties used
in the evaluation correspond to the resign stress values, Sm anu
Su’ given in the ASME Code, Section 111, Class 1, 1980 Edition as
amende¢. To evaluate buckling, the vaiue of yield stress, S), for
the cylindrical shell is based on measured propurties of the
material used in the construction of the cask.

Cask and Overpack

Structural evaluation of nun-containuent vessel items (except the
external shell), such as the closures, were evaluatea ayainst yiela
and ultimate meterial properties as presentec in the ASME Lode,
Section 111, Class 1. To evaluate buckling of the external shell,
the yield strenyth is based on measureu proyerticé of the material
used in construction of the cask. For Normal Congitions of
Transport, allowable stress intensities are Sm fur membrane
stresses and 1.5 Sm for membrane plus benuiny stresses. The
overpack is allowed to exceed yield stress for normal conditions;
hence, ultimate stress is used as the acceptance criterion. In
evaluating Accident Conditions, 0.75 Su is used to evaluate
bendiny stress intensities ana Su is used to evaluate bending plus
membrane stress intensities.



2.1.2.1 Normal and Accident Conditions of Transport (continued)

(3) Brittle Fracture

The cask is fabricated of ASTM A51€, Grage 70, carbon steel. The
brittle-fracture-critical carbon steel components of the package are
evaluated in Paragraph. 2.6.2 per criteria set furth in NUREG/Ck-1815
(UCRL-53013), Recommendations for Protecting Against Failure by
Brittle Fracture in Ferritic Steel Shipping Containers up to Four

Inches Thick, W.K. Holman ana R.T. Langland, June 15, 1981. In the

absence of definitive regulatory criteria governing use of this
document, Category 11 criteria per this report have been employea to
achieve a conservative level of safety. The rationale for this
selection presumes that the higher level of safety embodied in
Categery 1 criteria is reserved for fissile ana high-level waste
packages.

(4) Buckling

Buckling per kegulatory Guide 7.6 is an unacceptuble failure moce for
the containment vessel. The intent of this guideline is to make
large deformations unacceptable because they would conpronise the
validity of linear analysis assumptions and quasi-linear stress
allowables as yiven in Paragraph C.6 of NkC kegulatory Guiae 7.6.

The remainder of this paragraph defines techniques ana criteria used
in subsequent segments of this Safety Analysis Kepurt to cemunstrate

that containment vessel buckling does not occur.

e tuler Column Buckling

From keference 1, eq. 2-45, p. 104, the critical axial buckliny
load for a self-weight load combined with an addea axial force is

T mE 1
cr ;7‘
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‘ z.1.2.1 Normal and Accident Conditions of Transport (continuea)

where m = tabulated function of n

3
a o3
2l EI

= distributed axial load intensity = Z2»Rwat

half-length of cylinder

Young's modulus = 27.8 x 1€ psi
T R"t
cylinaer radius

cylinger thickness

g
1
E
1
R
t
w = weight aensity = 0.283 lu/in3
a

acceleration in ¢'s

This mode of bucklinyg applies tu the cuter shell of the cask,
composed of a 1 1/2-inch thick plate.

:‘ Then = 39.25 in.
36 in.

1.5 1in.
219861 in.
96.02a 1b/in
3.85 x 1077 a
135

0

4

And
For

1
R
t
1
q
n
a
n

Therefore

"l
m=I

-
Pcr = 9.8 x 107 1b.

o Axial Stress Limits

Accoruing to keference 2, p. 230, a thin-wall cylinaer is
. considered “"moderately long" if

ci > 2 Keo

3



‘ ¢.1.2.1 Normal and Accident Conditions of Transport (continuead)

where ¢ = correction factor dependent on k/t

%i \,1 - né

L =
kco = 1 for simply supported euges (counservative)
L = length of cylinder
R = mean racius of cylincer
t = wall thickness
m = Poisson's ratio

The following two sets of shell properties correspong to the inner
and outer shells of the cask:

Inner Shel’ Outer Shell
ti = (.75 in. £, " 1.5 In.
ki = 31.375 in. RO = 36.0 in.
Li = 76.0 in. L0 = 76.5 in.
"I’ m =0.3 m=0.3

For both shells,

2
2° Xco = 2.849
23
Then
Ki/t, = 41.83
Ry/t, = 24.0
2,= 234
2= 112

From Reference 2, Fiy. 10-Y, p. 230,

¢, = 0.70
€y " 0.5%



. 2.1.2.1 Normal and Accident Conditions of Transport (continuec)

For both shells,
2
v kCO

2 &

therefore both will be treated as mocuerately lony cylinders.

&L >

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

At 42E t2
°¢ = ~“Iz(i-me) (T
khiere
0 = elastic buckling stress
E = Youny's modulus
= 27.8 x 10° psi
e
4 \3
Ke = ()
" N
‘ Then
O%ei * 281355 psi
Ceo * 386767 psi

e Houp Stress Limits

From keference 2, p. 236,

K 2 E 2.2
%e =rziime) (T

where Kp = function of z (kef. 2, Fig. 10-15, p. 237)

Then

pi c 13

po

x x>
n N
o

ei 31810 psi

Q
n

(=]
n

eo 80503 pSi
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. 2.1.2.1 Nurmal and Accicent Conditions of Transpurt ‘continued)

e Critical buckling Stress

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

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

where n= plasticity coefficient

The plasticity coefficient, n, is detined by the followiny
equations for the various loading conaitions:

For axial stress, from Eaker, et. al, p ¢«bl.
1/¢

e (g Er)

. For external pressure stress; frowm kef. ¢, p. 236

E 1/2 1 + 3
Ll \Fr’ "7 )

where:
E, = tangent modulus = do/de
E, * secant modulus = o/e
E = Youny's modulus
o = stress
¢ = strain

For stresses below the proportional limit, conservatively assulued
to be 0.70.y i
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. 2.1.2.1 Normal and Accident Conaitions of Transport (continued)

For stresses above the proportional 1imit, stress is assumed to be a
parabolic function of strain that is tangent to the elastic Tinc at
the proportional limit and has zero slope at the yield stress.

For oy = 43.0 ksi |
and  E = 27.8 x 10° psi
<o ¢

then, for 0.70% o < oy

o = Ae + be + C

1C

where A = - 1.4978 x 10

B = 6.0233 x 107

- 1.7558 x 1¢°

I'sing this expression for stress, the critical buckling stress

equation is solved:

‘ A2 @y + 2ABcdy + [2AC + e2- 2:3(°8)?) efr
E

4L 260-38B(°€)21 By + 102 (°@)%(2aC + BY)lecr - bC(°€)2 = G
E E E

Axial:

3

1.9829 x 10
0.15278
42986 psi
1.9959 x 10
0.11116
42994 psi

™
—
o wle
" "

Q
"

3

"

=3
"

Q
"




. 2.1.2.1 Normal and Accident Conditicns of Transport (continuea)

Hoop:
Cpq = 1.1208 x 167
Nert * .$7886
ocpq = 31138 psi
Cepo = 1-7261 x 1073
Nepo = 0-51682
oepo = 41767 psi

The buckling stress limits are summarized in the following table:

Inner Cuter

Shell Shell
Axial Membrane Stress Limit 42986 psi 42994 psi
Hoop hembrane Stress Limit 31136 psi 41767 psi

Evaluation of buckiing of the cylinarical shells, for combined
. loadiny, is done using the technique gescribed in kef. 2, p. ¢75.
Accordingly,

- , =
Ocr no 0

where O%p = combined load critical bucklinyg stress intensity

n = plasticity correction factor

= ] E-LI'E- s
elastic buckling stress intensity

2, 2
\‘,aa + °h " % %
elastic axial buckling stress limit

elastic hoop buckling stress Timit

Q
"

Q
" "

o
> W
"



. 2.1.2.1 WNormal and Accident Conditions of Transport (continued)

Values for the inner and outer shells are as follows:

Uan pSl

oh. PSi

04 psi

n

o, (combined load)

In evaluating stress conaitions for buckling of the shells, the

indiviaual stress components will be compared to the buckling
The stress

Inner
281353
31810
266874
0.1606
42983

Quter

386757
80503
353479
0.12163
42593

stress allowables in the hoop and axial directions.

intensities will be compared to the values of Ocps above, for

combined loading.

‘ 2.1.2.2 Tie-downs and Lifting Devices

(1) Tie-downs

10 CFk 71, 71.31(d) paragraph (1) requires that the tie-aowns be
designed such that no stresses exist in any material of the package
in excess of its material yield strength for the specitied 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 lifting
devices be capable of supporting three times the weight of the
loaded package. Parayraph (2) requires 1id lifting devices be
capable of supporting three times the weight of the 1id with any
attachments. Both paragraphs require that no stresses be generated
in any material in excess of its material yield strength.
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‘ 2.1.2.2 Tie-cowns and Liftiny Devices (continued)
Maximum stresses and safety factors are computed in Chapter 2.4.3.
Allowable stresses and factors of safety are compulec as uescribeu

in Section 2.1.2.2(4).

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

Any tie-down, cask lifting or lid 1ifting device must be designec
such that failure of the device under excessive 100Gs will nut
impair the ability of the package to meet the other requirements
specified in 1C CFR 71.31 paragraphs (c)(4) anu (a)(3).

Chapters 2.4.3 and 2.4.4 demonstrate that at the excessive load for
which a device fails, each component of the packaye which is
requirea for meeting the shielding and containment requirements
before and after the normal and accident events, has haa no stiress
generatea in excess of its material yield strength. This leads one
. to conclude that if the remaining couwpunents have not yieldeu, they
remain intact and unaeformed and may be considered for meeting the
shieldiny and containment requirements for noriael anu accident
cenditions.

Failure is predicted fur an equivalent state of stress which

produces a maximum shear stress of

F
ofailure =(gb = 08 Fy

where Fu = haterial's ultimate tensile strenyth.

(1)
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2.1.2.2

Tie-downs and Lifting Devices (continued)

(4)

Allowable Stresses - Tie-Downs ana Lifting Devices

Maxinum shear stresses (une-half the stress intensity) are cconputed
for the required loaaing condition and compared to the allowable
shear yield stresses. Allowable shear yiela stresses are determinec
as follows:

o Base-hetal

The allowable shear 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." This is
represented b,

F opl - op2
oshear yield = 7 2 2
where Fy is the yield stress as getermined for & speciren loaded
in axial tension only. Allowable yield stress for all base metals
may be found in Telle 2.3-1.

The theory is conservative for ductile materials because the shear
yield stress as determined frow a tension test (pure shear) is
greater than one half the tensile yield stress as getermined for a
specinen loaded in axial tension only (reference 5, p.4l6.)

The factors of safety are determined as:

£.S. » Loshear aliowable(membrane + bending) ]
®shear max.

Factors of Safety greater than 1.0 are acceptalle.
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’ 2.1.2.2 Tie-downs and Lifting Devices (countinuea)
o Weld hetal

A11 welds are sized such that the effective wela throat, for both
full and partial penetration welds, maintains & stress area greater
than or equal to the effective base metal stress area.

AWS D1.1 Table 8.4.1 defines the allowable shear stress weld stress,
regardless of direction of loading, as:

Owe]d _<_ 0.3 Fu

where Fu = minimum ultimate tensile strength (ksi).

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

‘ °veld = 0.3(70, = 21.0 ksi

In satisfyiny the allowable stress criterion for the base metal,
weld stresses are inherentl, satisfied. This is because the
effective stress areas for the welds are yreater 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. This is
illustrated as follows:

For any load P:
i Ey
"base metal = Kpoiemetals 2 10
where Fy = 38 ksi for A516-70 steel

Therefore:

P o .
( .
oweld £ Roice metal < 19 ksi < 21.0 ksi

because  Aleqy > Apuse metal
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2.1.2.2 Tie-downs and Lifting Devices (continuea)

In addition, all welds are inspected by non-destructive testing methods
to verity sound deposition of weld meterial and verification of welu
integrity.

2.2 weights and Center of Gravity

The center of gravity of the package is located at the yeometric center
of the pachage.

height breakdown is as follows:

Cask Body 44630
Lids (primary and secondary) 7320
Overpacks 7500
Overpack binders (8) __300
Net Package 59950 1bs.
Payload 14050
TOTAL GROSS PACKAGE WEIGHT: 74000 1bs.

7.3 Mechanical Properties of Materials

The package is fabricated from carbon steel, lead, and structural foam.
Lrawing C-110-E-L007, Appenaix 1.3, defines the specific material used tor
each item of the package. Table 2.3-1 presents material properties useu
throughout the analyses anu references the sources of these daota.
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Grade 1 Strength (ksi) Young's Coefficient of
Material or g:\p Yield U1t Allow Modulus Thermal Expansion
Type 3 E 6 __. -6. a
(1) (2) (3) |(107psi)(4) (107"in/in/°F)(5)
STM A516 Plate 70 70 38 (6) 70 23.3 27.9
(Inner and outer sheils 100 38 (6) 23.3 6.50
1ids, 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
(overpack shell) 200 6.67
300 30 55 1(7) 29.9 6.87
400 (7) (7) 7.07
500 13.7 7.25
' |ASTM AS14 . 70 100 110 . 29.9 6.41 (10)
~ o or
s o ASTM AS17 R —
@ .~ |(Tie-down arms, lifting 3 70 100 115 - 29.9 6.41.(10)
O ears and lugs)
STM B29 Lead C 70 5 - - 2.0 16.3
ynamic (8)
Compression
inimum
(8)
| ASTM A354 2-8UN BD 70 130 150 - 29.9 6.5
kLid closure bolts) (9) (9)
lASTM £354 13-7UNC BD 70 130 150 - 29.9 6.5
FLifting 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) ASM Code, Section 111, Appenaices, Table 1-2.1

(2) ASME Code, Section 111, Appenaices, Table 1-3.1

(3) ASME Coae, Section 111, Appendices, Table 1-1.1

(4) ASIE Code, Sectiun 111, Appenaices, Table 1-4.0

(5) ASME Code, Section 111, Appendices, Table 1-5.0, Coefficient b

(6) For inner and outer cask cylindrical shells, minimun measured yielo
stress is used:

P & Yield Stress (ksi)
70 45.0
100 45.0
300 41.0

(7) ASME Code, Section 111, Appendices, Table 1-7.1

(8) Cask Designer's Guiae, ORNL-NSIC-68

(9) ASTM Specification

(10) ASME Code, Section 111, Appendices, Table 1-5.0, Coefticient A.
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2.3 mechanical Properites of paterials (continued)

The material used in construction of the inner ana outer skins of the cask
shell is tested for a minimum yiela strength of 45 ksi at normal temperature
(70°F). To determine the corresponding yield stress at other temperatures,
this measured value is multiplied by a stress ratic based on values given in
the ASM Code, Section 111, Class 1. This stress ratio is the ratio tetween
the ASME tabulated values of yield stress at the temperature of interest and
the yield stress at normal temperature, for ASTM A516, Gr.70, steel.

The energy 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 usea for this package.

Foam samples will be taken wuring the actual foaminy process ana testec in
accordance with CNSI specification 1-436-112 which includes the ASTM

specification for testing.

2.4 General Standards for All Packayes

This section gemonstrates that the yeneral standards and loaaing
conditions for &11 packages are met.

2.4.1 Chemical and Galvanic Reactions

The materials from which the packaging is fabricated (steel, lead, anc
polyurethane foam) along with the contents of the package will not cause
significant chemical, galvanic, or other reaction in air, nitrogen, or water
atmospheres.

2.4.¢ Positive Closure

The pusitive closure system has Leen previously describea in Section §.8.1
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¢.4.3 Lifting bevices

The cask is provideu with two removable 1ifting ears, attacheu to the sice
of the cask, by which the cask and load can be lifted. The priméry and
secondary lids are furnished with three 1ifting lugs by which the 11ds may be
removed from the cask.

The 1oad requirements for lifting devices are gefinec in 10 CFk 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 Lifting Ears

(1) Cask Lifting Ear Stress Summary

The results of the cask 1ifting ear stress analyses are sunmarized

as follows:
Max.Shear Stress

Location memb.+ Bending(psi) Factor of Safety
Bolt 3432¢ 1.89
Mounting plate (wela) 1864 106.19
Lifting ear plate (weld) 8327 2.28
Tearout 46758 1.07
Threads (cask) 362 52.52

As determined in Section 2.4.3.1 (3), the vertical load for
computing the above safety factors is:

P = 99750 1bs.

The detailed stress analyses for each component listed above may be

found in subsequent paragraphs.
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‘ 2.4.3.1 Cask Lifting Ears (continued)

(2) Failure of the Cask Lifting Ears Under Excessive Loads
Since failure will first occur in the reyion of the smallest factor

of safety, the cask lifting ear will fail by eye tearout at a load
which produces a maximum shear stress of:

°failure iJgﬂi 66395 psi (see Sectiun 2.1.2.2)
9

where Fu = 115000 psi so as to give a conservative value of the
maximum shear stress for either ASTM A517 or A514 steel.

The failure loaa can then be computeu as:

P(cfailure)_ 99750(66395)

Pfailure = F erain TETTE—— = 141642 1bs.
. where %actual = stress in the compunent with the minimun factor
of safety.

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

Location ®shear (psi) Allowable stress (psi)
Bolt 46736 52500
hounting plate (weld) 2647 19000
Lifting ear plate (weld) 11824 19000
Threaas (cask) 514 19000

Since the load which causes failure of the liftiny ear does not
cenerate stresses in excess of any other nateriul's yield strenyth,
it can be conclugea that the remaining components remain intact and

undeformed, and may Le su¢ considerea for meeting the normal ana
. accident shielding and containment requirements.
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‘ 2.4.3.1 Cask Lifting Ears (continuec)

(3) Bolt Stresses

The cask 1ifting ears can be used only with the overpacks removed.
Therefore, the total lifted weight is:

W = 74000 - 7500 = 66500 1bs.
For three times the weight of the cask, the vertical ear load is:

3k 3(66500)

p — =
vV * 7 ears 2 ears

= 99750 1b/ear

The equations of equilibriun for the lifting ear shown in Figure
2.4.3-1, are:

‘ summation of Forces:
horizontal: F + PH - RT =0
Vertical: Pv ¥ =
summation of Moments about point 0:

25F + ¢.68E PH -5 Pv +2v=20

Given:
Pv = 95750 1b.
Pv
Pi * Santl” * 57591 ib.
Then: V = 99750 1b.
F = (1/2;5)(5Pv -2.6bb Py - 2v)
= 5778 1b.
. R'T = 63369 1L.
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2.4.3.1 Cask Lifting Ears (continued)

Each 1ifting ear is attached to the cask, as shown in Figure 2.4.3-¢,
using four 1-1/4 - 7 UNC-2A, 2-3/4 inch long ASTM A354 Grade BD hex
head bolts. The stress area for each bolt is 0.969 1n2.

The shear force, V, will be carriea by four bolts, so the nominal
shear stress in the bolts is:

Osnom = ‘%82:329): 25735 p51

The maximum shear stress in the bolts will be four-thircs the nominal
shear siress, SO

og = 5 (25735) = 34314 psi

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

F
°t * 4T0.9C5)
= 1491 psi

The maximumm principal stresses in the Lolt are founu by:

‘s < W 2
op = 7 f_ ('2') + og
Thus
o1 = 35067 psi

057 = -33676 psi

The maximum shear stress is given by:
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2.4.3.1 Cask Lifting Ears (continued)

(4)

opl - °p2
g » R

= 34322 psi

The factor of safety for the bolts is:
callow _ (0.5)(oyiela)
%actual cactual

. (0.5) (130000)
34322

= 1.89

Liftin, Ear hounting Plate wela Stresses

The stresses in the welas attaching the 1ifting ear mounting plate to
the cask outer shell are found by applyiny the bolt shear ana tensile
forces to the weld around the perimeter of the plate. The shear
stress in the weld due to the shear forcz is given by

effective weld area
2(b+L)(t)(1.0)

plate width = 7.5 in.

plate length = 12 in.

weld ley dimension = 1.375 in.
shear force = 99750 1b.

1860 psi

x
-3
"
=
L)
>
[ (I |

n

b
L
t
v

Osv

The shear stress in the wela aue to the tensile force is gyiven by:

F
Ost A;

where A = weld area as aefinea above
F = tensile force = 5776 1b.
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2.4.3.1 Cask Lifting Ears (continued)

Ot = 106 psi
The maximum shear stress is given by:

= +
®smax sy st

= 1864 psi

This corresponds to & factor of safety for the welas of:

F S - 06110\4 a 190(/()
Cactual 1664

F.S. = 10.19
(5) Outstanding Lifting Ear Plate Weld Stresses

The out-tanding 1ifting ear plate is attached to the lower flush
plate with a vertical aouble vee weld, as shown in Figure 2.4.3-c.

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

v
Osv * A;
where Ah = effective welu area = Ztl
t = weld leg dimension = 0.5 in
L = plate length = 12.0 in
V = shear force = 99750 1b.
oy * 8313 psi.

The shear stress in the weld due to the tensile force is founu frow

F

ey A,
where Aw = effective welu area as defined above
F = tensile force = 5778 1b.
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2.4.3.1 Cask Lifting Ears (continued)
Ogt = 451.5 psi.
The maximum shear stress is given by:
2 2
Osmax * ogy ¥ st
= §327 psi
This corresponds to a factor of safety for the welds of:
F.g. = callow 19000
Cactual 8327
F.S. = 2.28
(6) Cask Lifting Ear Eye Tearout Stresses

The critical tearout area for the cask 1ifing ear is determined from
Figure 2.4.3-2 as:

Aicarout = L2(t) ()l

where t = section thickness = 1.0 in.
d = tearout cistance = 1.6 in.

-
Atearout = 3-20 in

As previously determined, the vertical force appliec to the cask
lifting ear is 99750 1bs. This results in a nominal tearout stress
of:

_ p 99750
Oshear *  Ktearout  3.2L

= 31172 psi

The maximum tearout stress is 1.5 times the nominal, or

searout * 1.5(31172) = 46758 psi
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2.4.3.1

Cask Lifting Ears (continued)

(7)

The maximum shear stress theory predicts an allowable stress of:

%a1lowable” 0.5 Sy =(0.5)(100000) =50000 psi

This corresponds to a factor of safety of:
callowable 50000 psi
F.5. = —_— = z—7TErJL—r = 1.07
cactual o psi

Threaas - Cask hetal

Because the cesk material is weaker than the bolt material, failure
will occur at the root of the cask material threads. From ref. 6,

pp. £72-273, the eyuations for shear area anu the length of threaa

enyayenent required to develop full strength of the threads are:

ATS = (‘l)(h)(l.t)(umin)i. 1/¢n + 0.57735 (Dmin - Enmax)ﬁ

i b SSL‘_Z'S'S)
€ (Snt)(!)(n—)TBm]n)[(llzn) + -57735(Dm1n - Enmﬁij

where:

Dpin = Min. 0.D. of bolt, in.
= 1.25 in.
Ennax = ?a;é7P;D. of cask threads, in.
= 1. in.
S¢t = Tensile strength of bolt material, psi
= 150000 psi
n = Threads per inch
= 7.0 threads/in ?
As = Stress area ot bolt threads, in¢
= (.969 in?
Snt = Tensile strength of cask materiel, psi
= 70000 psi
A7y = Shear area at root of cask threads, in.?
Le = Length of thread engagement requirea to agevelop full
strenyth, in.
Ly = (150000)(2)(0.969)
¢ (700007 )(T.25) 11718 + 0.57735(T.c5 - 1.157))

Le = 1.21 in. deep
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2.4.3.1 Cask Lifting Ears (continuea)
Ats = (v)(n)(Le) (Dmin)l1/2n + 0.57735(Dmin - Enmax)J
Ats = 4.16 in?

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

resulting in a shear stress at the threads of:

Fholt

o = = -1—59_5-
threac shear " 3.16

= 362 psi

The allowable shear stress is (0.5)(Sy), where the yiela stress for
tne cask body material is 38000 psi.

%a1lowable " (u.5)(38000) = 19000 psi

The associated factor of safety is:

F.5. = Ccallowable = 19000 . 57 52
Tactual 302

2.4.3.2 Primary and Secondary Lid Lifting Lugs The primary and
secondary lifting lugs have the same wesign and are iliustratec in Figures
7.4.3-3 and 2.4.3-4. They are sized such that the combined weight of the
primary and secondary 1ids may be lifted from either the seconuary l1ift Tugs

or the primary 1ift Tugs.

10 CFh 71, subpart 71.31, paragraph (2, states that for a "system of
lifting devices which is a structural part only of the liu, the system shall
be capable of supporting three times the weight of the Tiu anu any attachmenis
without generating stress in any material of the 1id in excess of its yield

strenyth.”
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~————Primary Lid

Secondary Lid

—Secondary Lid Lift Lugs
a.e at Locations A, B, C

—Primary Lid LiftLugs
are at Locations D, E, F

Figure 2.4.3.-3 PRIMARY/SECONDARY LID LIFTING LUG ORIENTATION
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¢.4.3.2 Primary and Secondary Lia Lifting Lugs (continuec)

(1) Primary and Secondary Lid Lifting Lug Stress Summary

The results of the lifting lTug stress analyses are sumniarizeu as

follows:
mMax.Shear Stress
Location memb.+ Bending (psi) Factor of Safety
Base 7643 2.4Y4
Tearout 45670 1.10
Lifting lole midplane 11810 4.23

As getermined in Section 2.4.3.2 (3), the load for computing the above
safety factors is:

P = 10352 1bs.

Tne detailed stress analyses for each component 11sted above may be
found in subsequent paragraphs.

(2) Failure of the Lig Lifting Lugs Under Excessive Loacs

Since failure will first occur in the region of the smallest factor
of safety, the lia 1ifting lugs will tail by eye tearout at a luad
which produces a maximum shear stress of:

ofailure = = 66395 psi (see Section 2.3.2.2)

w]g\

N
where Fu = 115000 psi.

The failure load can then be computed as:

_ _ P(ofailure)_ 10352(66395) _
‘ Pfailure e, e 15050 1bs.
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¢.4.3.2 Primary and Secondary Liu Lifting Luys (continuec)

(3)

where P = three times the actual load per Tuy

%actual © the stress of the component with the lowest-factor of

safety.

Should the failure load inadvertently develop, the corresponaing
stresses in other parts of the luy would be:

Location ®shear (psi) Allowable yiela 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 an, other material's yiela strength,
it can be concluded that remaining components of the 1id remain

intact and undeformed and may be so considered tor meeting the normal

and accident shielding and containment requirements.

Weight Analysis

Weights of the primary and secondary lids are as follows:

Primary 1id 5180 1b.
(including bolts)
Seconaary 1id 2140 1b

Total lia weight 7320 1bs

The effective weight to be 1iftea be each lug, Pv from Fiyure
2.4.3-4, is therefore determined as:

3(7320)_
Py = T Tugs - 7320 1bs.

The total load per lug is determinec as:

P
v 7320 -
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' 2.4.3.2 Primary and Secondary Liu Lifting Lugs (continued)

This results in a shear force of:

P.. = Pcosd5® = 10352(L.707) = 7320 1bs.

H

(4) Base Stresses

The tensile stress at the bottom of the 1ifting luy as shown on
figure 2.4.3-4 is:

Pv
%tens A
where A, = base area = (w)(t), int.
w = lug width = 4 in.
t = lug thickness = (.75 in
Pv = vertical reaction = 7320 1bs.

‘ Otens © '7%22 = 2440 psi

The bending stress, maximum at ihe bottom outer eage of each lug, is:

Ob = I"C/I
where M = Lending monent = 21500 in-ib
¢ = distance to neutral axis = 2 in.
3
1 = moment of inertia = (b)gh)
b = lug thickness = 0.75 in.
h = lug height = 4 in.
o = 10980 psi

At the outer edge of the 1ift ear, the bending stress will adu to the
tensile stress to produce a total tensile stress of:
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‘ 2.4.3.2 Primary and Secondary Lid Lifting Lugs (continuea)

%total - °bending T “tens
= 10880 + 2440

= 13420 psi
The nominal shear stress at the bottom of the 1ift ear is:

Py
R

where Py = shear force = 7320 1bs.
Ab = base area = 3 in?
oy = 2840 psi

The maximun shear stress is 1.5 times the nowinal, or
Oghear - 1-5‘2440 pSl) = 3660 pSi

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

ototal gtotal

2 -
oplaopz = T ("X 4 (oshear)?)t/

Thus,

opl = 14353 psi
ope = =933 psi
The maximum shear stress will be:

omax shear = °£l_%_22£. = 7643 psi
The maximum shear stress theory will be used to determine the
allowable shear stress. Therefore:

= (C.5)(S

yie1d) = (0.5)(38,000) = 19,000 psi

“allowable

The factor of safety will be:

. F.g. =°allowable 19000 | 5 49
actual 7643
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. 2.4.3.2 Primary and Secondary Lia Lifting Lugs (continuea)

(5) Lifting Lug Tearout Stress Analysis

The critical section for 1ifting lug tearout was determined to be as
shown in Figure 2.4.3-5. Mumerically, this area is:

Ashear = Z(L)(t)

where: L = length of tearout section = 0.23 in.

section thickness = 0.75 in.

(ad
"

2

Ashear 0.34 in

As previously cetermined in Section 2.4.3.2(3), the total cavle force
is 10352 1bs. This results in a shear stress due tu tearout of:

_ P 10352 _ .
. Oghear ~ A;_ﬂear R 7§ 30447 psi

The maximum shear stress is 1.5 times the nominal, or
Ocnas ™ 1.5(30447) = 45C70 psi.

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

Saliomable = U-b Sy = L-5(100LU0) = 50U psi

This translates into a factor of safety of:

_ Callow _ 50000

Oshear o 45670 i 1.10
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P max = 10352 1bs.

e

Figure 2.4.3-5 LIFTING LUG EYE TEAROUT AREA

2-38



' 2.4.3.2 Primary anc Secongary Lig Lifiing Lugs (continued)

(6) Lifting Lug Stress Analysis at Pin Hole

The maximum tensile stress in the lifting luy occurs in the section
of least cross-sectional area, as shown in Figure 2.4.3.-6.
Numerically, this area is founu to be:

A= (W-D)(t)
where W = width of lifting lug at hole centerline = 2.94 in.
D = diameter of hole = 1.63 in.
t = plate thickness = 0.75 in.
A = 0.98 in
. From Section 2.4.3.2(3), the shear ana tensile forces were geterminea

as:
Ph = Pv = 75¢L 1bs.
This translates intc a nominal shear and tensile stress of:

®ner %t ° F/A = 7320/0.98 = 7469 psi

The maximum shear stress is 1.5 times the nominal, or

ogpear = 1+ (7069) = 11208 psi

Combining the effects of the shear and tensile stresses to form the
principal stresses yields:

ot ot 2 2.1/¢
‘ opls opz = 7% L) + oghear J
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~~_ Areas Associated with
Maximum Tensile Stress

Figure 2.4.3-6 LIFTING LUG NET TENSILE AREA
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2.4.3.2 Primary and Secondary Lid Lifting Lugs (continued)

Thus,

op1 *= 15545 psi
opz = -8076 psi

The maximum shear stress is found to be:

‘max =

[} [« B
pl -"pe
2 = 11blL psi
The maximun shear stress theory preaicts an alluwable shear stress of:

o tlow 0.5 Sy = (.5(100000) = 56600 psi

This translates into a factor of safety of:

callow . 50000
bid, o 20 e = 423

2.4.4 Tie-down Devices

The tie-down system for transporting the package is uesigned in
accordance with the loading conditions definea in 10 CFR 71, Paragraph 71.31
(¢) (1). This loaa condition is defined as follows: “. . . The systen shall
be capable of withstanaing, without generating stress in any material of the
packaye in excess of its yield strength, a static force applieu to the center
of gravity of the package having a vertical component of two times the weight
of the packaye with its contents, a horizontal component alony 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 uirection of 5 times the
weight of the package with its contents.”

In addition, the tie-downs are desiyned 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 1ifting ears are removed and the primary and secondary 1id
1ifting lugs covered during transport to prevent them from being used for

tie-down purposes.
2-41



2.4.4.1 UDescription of the Tie-aown Device The package has been
provided with two 1-1/2" thick steel plates (tie-down arms) which are welded
to the external shell of the cask body. The steel plates are used for tying
the packaye down. They project outward from the cask in four directions so as
to allow specially designed rigging components to be connected to the enas of
the tie-down arms. Four shear blocks prevent movement of the base of the

package.
The geometric configuration of the tie-down system was selecteu such that:

(1) The resultant tie-down arm tensile loads are tangent to the cask
surface in oruer to ninimize the effects of out-of-plane stresses in
the cask shell. (See Figure 2.4.4-1 for determination of the
tie-down geometry).

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

2.4.4.2 Tie-down Forces The analytic model for determining the loads
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 bottom of the
package are initially represented by the orthogonal components of a single
force vector, S, occuring at some angle, e. This base shear resultant is
later transformed into individual shear block loads for evaluation of overpack

and cask stresses.

The six equations of equilibrium for the freebody uiagrams of Figure
2.4.4-2 yielu the following for the six unknowns:

T Fx = 0
-59 59

102,36 1 ¢ 16%%34 T2+ gz.34 13 - Ssin e = 5(74) = 370
r Fy =0
T%%f%l n ’15%%5%‘72 - 1%5{%473 + Scos e = 10(74) = 740

t F2=0

S o S R R
102.38 '} *102.3¢ 72 * 102,34 13 - V = 2(74) = 148
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2.4.4.2 Tie-down Forces (continued)

r Mx =0

72.3

72.3

g @379 * To3g U911 1+ (qgz3a@8.79) + (G55 7911 T2

72.3

-Llﬁf—§4(23 .73) + 107 34 (79,1 T3 + Scos e (24) = 10(74)(62.5) = 46250

[y03eaa(29-08) - 1gp3a (791 T +Lygy 3479) - 1T234(29-04)] T2
(29.04)] T3 - Ssin e (24) = 5(74)(62.5) = 2312%

+L

[

I M

59
1052 34! 790"

102.34

= 0

42

I Mz2=0

(59%+ 72.3%)1/2

*

102.34
(59%+ 72.3%)

102.34

(

(37.5)1 Ty -L

In matrix notation the equations appear aS:

pa—

-0.577

0.706

0.410

65.528

-33.657

34.197

-

0.577 0.577

0.706 -0.706

0.410 0.410

65.528 -65 528
33.657 33.657
34.197 34.197

(52;%§%§j§?)1/%37.5)] T
-1 0 01 E L H
0 1 0 T,
v c -l T3
0 24 0 Ssine
-24 0 0 Scose
0 0 0_‘ L. v 3

-

370

740

148

46250

23125

0

Simultaneous solution of the six equations yields the following:

293.24 kips
652.75 kips
359.51 kips
44 .81 kips
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2.4.4.2 Tie-aown Forces (continuea)

Scose = 325.82 kips
v = 387.76 kips

The base shear resultant and the angle at which it occurs are determiinec
as follows:

-1 Ssine

e = tan SEBE; = 7.83.
_ Ssine _ .. .
) . Tia 3¢6.69 kips

The individual shear bluck louds are determined by solving the equilibrium
equations for the freebody diagram of Figure 2.4.4-3.

- Fx = 0:
(52 » Sl)sin38' = 44.81 kips

r Fy = O:
(Sl + Sz)COS38‘ = 325.82 kips

Simultaneous solution of the two equations yields:

Sl s 170-40 kipS

S, = 243.13 kips

2.4.4.3 Package Stress Results

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

Max Shear Stress

Menib. + Lending(psi) Factor of bSatety
Cask Lid 1868 10.17
Exterior Cask Shell 12400 1.53
Cask Bottom 1243 15.28
Lid Bolts 22795 2.85
Tie Down Arms** 66949 1.49
Lower Overpack* 1017 1.78
Tearout 46315 1.08
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2.4.4.3 Packaye Stress Results (continued)

The above factors of safety correspond to a maximum applied load of
P = 652750 1bs. and were computed usiny the tie-down stress analysxs failure
criteria described in Section 2.1.2.2(3).

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

subsequent sections.

(1) Failure of the Cask Tie-down Arms uncer Excessive Loaus

Since failure will first occur in the region of the smallest factor
of safety, the tie-down arms will fail by edye tearout at a loaa
which produces a maximum shear stress of:

Stailure % = 66395 psi (see Section 2.1.2.2)
\

where F = 115000 psi so as to give a conservative value of the
maximum shear stress for either ASTM A517 or A514 steel.

The failure load can then be computed as:

P . (cfa1lure) (652750)(6€395)
i Jactual 46315

= 935752 1bs.

where P = Maximum tie-down arm load = 652750

Cactual = Stress of the cowponent with the Towest factor of safety.

Should the failure load inadvertently develop, the corresponaing
stresses in other parts of the tie-down arm woula be:

* Compression Stress
** Tension Stress
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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 15000
Cask Bottom 1782 19000
Lid Bolts 32678 65000
Tie-down Arms 95975 100000
Lower Overpack 1458 1500

Since the load which causes failure of the tie-down arm does not
yenerate stresses in any material of the cask in excess of its
material yield strength, it can be concluded that the cask remains
intact and undeformed ana may be so cunsicered for meeting the normel
and accident shieldiny and containment requirements.

2.4.4.4 Cask Stress Analysis A finite element stress analysis was
performed using STAKDYNE to determine stresses in the cask due tu the tie-down
loading requirements of 10 CFh 71 paragraph 71-31 (d)(1). A description of
STARDYNE may be found in Appendix 2.10.5. Because of the non-axisymmetric
loading conaition, 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 elenent
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 determined in Section 2.4.4.2 were applied to the
finite element mode]l as shown on Figure 2.4.4-6. The vertical base reaction,
as getermined 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 aistributed over the total availaule area as shown in Figure 2.4.4-14.

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

2093.84 inc.
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. 2.4.4.4 Cask Stress Analysis (continuea)

The applied plate pressure is therefore:

b * 5 V. Fi 3877?54 . 1865 psi
The individual shear block lovads (ky, R, on Figure 2.0.4-15) were
applied to the cask as nodal forces (Ry, Ky, Rg, Rb) near the contact
surface between the shear block and the cask. The nodal forces were assumed
to be normal to the cask surface and unifor aluny the circuuference. They
were determined by solviny the folluwing equilibrium equations written for the
freebouy diagrams of Figure 2.4.4-15 (a-c).

From Figure 2.4.4-15a,

“Fx = U (cos 50.7548 + cos 38.0661 + cous ¢5.3774) kl +
(cos 50.7548 + cos 38.0661 + cus 25.3774) kz = 325618
’ LFy =0 (sin 50.7548 + sin 38.060L1 + sin 25.3774) Ry -
(sin 50.7548 + sin 36.0601 + sin 25.3774) R, = 44512
Simultaneous solution of these equations shows:
Ry = 82433 1bs.
R, = 57800 1bs.
Applying equilibrium conditions to Figure 2.4.4-15c yields:
~F =0 Fl + F2 =P
cM=0 P(O) = F2 (8.5)
Thus,
Fl = 0.294 P
F2 = 0.706 P
. The inaividual shear block loads, Rl and RZ' were resolved into noual

forces, R3 through Rb' as shown in Figure 2.4.4-15 b,c. Solving for these
nodal forces yields:
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R: = Re+ Rg
(a)
50.7548° ' 50.7548°
38.0661° 38.0661°
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Rh Rb
(b)
Actual Cask Structure Nodes 307-3089

Nodes 301-303
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Rs, Rs 1= o T Geometric Representation
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P=Ry, R |
2.5 |
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-
\\\___ Nodes 333-335
Nodes 339-341
ll (c)

Figure 2.4.4-15—FREEBODY DIAGRAMS NODAL SHEAR BLOCK LOADS
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2.4.4.4 Cask Stress Anelysis (continuea)
R3 = 58188 1bs.
R4 = 40800 1bs.
R5 = 24245 1bs.
R6 = 17000 1bs.
(2) Evaluation of Cask Stresses
The input and output tor the STAKUYNE, Finite Element Stress Analysis
may be found on microfiche in Appendix ¢.10.5.
The stress results are summarized as fullows:
Max Shear Stress Element Factor
(Menb. + bending) Number of Safety
Cask Lid 1868 psi 257 10.17
Exterior Cask Shell 12,400 psi 353 1.53
Cask Bettom 1243 psi 627 15.28

The factors of safety are determined as:

o . »
F.$, & [shear allowable(membrane + bend,ﬂg)]

®shear max.

where: Pshear allowable = ;1-= %ﬁ, 19 ksi ror A516 Gr 7C.

2.4.4.5 Lid Bolt Stress Analysis

(1)

Lid Bolt Stresses

The cask 1id is held in place by 3z ASTh A354 Graage BD 2-8 UN x
4-1/2" bolts, equally spaced around the cask perimeter.
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Duriny the 10-5-2 g loadiny, forces are generated in the 1ig bolts.

The forces consist of direct bolt tension and bolt shear. In
addition, the 1id bolts experience a tension due to a ﬁnying action
bending moment which exists between the side wall of the cask ana the
cask 1id. These forces and moments vary in maynitude 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 maxinum 1id bolt loads were determined in Section 2.4.4.5(2), anc
are shown in Figure 2.4.4-16(a) as follows:

.. 45955 1b.
Vy = 7423 1b.
v, * 16605 1b.

M -26280 in-1b.

o Shear Stress

Since both Vx and \I.y act in the plane of the caskh 1id, they
combine to form a resultant shear force on the bolts.

Fshear ‘J(Vx)z + (vy)Z

=J(45955)2 + (-7423)2
= 46550 1b

Net bolt area for the 2" - 8 Uk x 4-1/2" bolts is 2.77 inc.

This yields a nominal shear stress of:

Fshear
°nominal = AP T

46550 1b
2.77 1n2

= 16605 psi
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. 2.4.4.5 Lid Bolt Stress Analysis (continued)

The maximum shear stress is found at the center of the bolt cross
section and is 4/3 x the nominal shear stress. :

og = 4/3(16805) = 22407 psi

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 ana an
area of compressive contact pressure on the outside edge of the
1id as shown in Figure 2.4.4-1Ca. The maximuh bolt tension caused
by the prying action moment occurs when the applied moment creates
a compressive contact pressure on the outer edye of the lia.

‘ Applying equilibrium conditions to Figure 2.4.4-16a yields:
tF=0 T, =(1/2)2b] Equation I

where:
z = compressive contact pressure, psi
b = width of edye section under influence of the bolt, in.
1 = length of eage section uncer influence of the compressive
contact pressure, in.
T,= bolt tensile force, 1bs.

i k=0
-h = To(L - 1/3) Equation II
where:
M = eage moment, in-1b.
‘ L = length from edye to bolt, in.
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2.4.4.5 Lid Bolt Stress Analysis (continued)

Condition of Compatibility - The deflection analysis assumes that -
all plane sectiuns remain plane, anc that the deflection of the
bolt will be proportional to deflection of the lia.

°bolt ]
ébolt EboTt
¢lig = z_]
Ex516
From the bolt @na 1ia deflections shown in Figure 2.4.4-16(b),
épult = L-]
A ET T

Therefore,

Tzl = Abo1t 2(L-1)(1.07) Equation 111

Equations,(1), (I11), and (I11) contain three unknowns: T,, z,

and 1.

Substituting equation (1) into equation (11) yielas:

-2M
Z % (BI(L-173) Equation 1V

Similarly, substituting equation (I) into equation (II1), given:

Koy -7 inz
EALIL-?O - 27.9x106 psi
Ebolt = 29.9x10" psi

L =2.62 in.

b =7.061in

2 _
(1/2)201% = A ;4 2 (L-1)(1.07)
3.531% + 2.961 - 7.76 = 0

1 =1.12 in.



¢.4.4.5 Lid bolt Stress Analysis (continuea)

Using equation (1V), the contact pressure is tound as:

<2k -le)(-2828U)
CNL-173; = T7.0i(1.12)(2.6¢ - 1.1273)

z = 3183 1bsin

Z

Solving equation (1) for the Lolt load yields:

Tz = (1/2)2b1 = (3183)(7.06)(1.12)
['4

Ty = 12587 1b.

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

F = 12587 + 10605

= 23192 1b.

total

This yields a Lolt tensile stress of:

oo o fruta | 23162
tens Auolt 2.77
Otens = 8372 psi

o Combined Stress

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

: o 2 (. 2¢,1/2
Upl. 0p2 Otens/d 1 ((otenS/Z) *(vs) )
°p1 * 26981 psi
%p2 = -18609 psi

opl - op2
°max shear = EL'}"iL' = 22795 psi
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2.4.4.5 Lid Bolt Stress Analysis (continued)

(2)

According to ASTM specificaton A-354, the yield strength for
grace BU 2"-8 Uk bolts is 130000 psi. Therefore:

= (0.5)(s ) = (0.5)(130000) = 65000 psi

®allowable yielu

The associated factor of safety is

£.5. n callowable _ 65000

oactual 72795 - 285

Analytic Method for Determining Lid Bolt Loaas

Since the 1id bolts were not specifically mouellea in the finite
element geometry, the 1id bolt loads (forces and moments) were not
directly available from the finite element cask stress anulysis
output. The method used for determining these 1cads is described in
the following paragraphs.

A typical section of the finite element mode] where the outsige euye
of the cask 1id joins the cask side wall is shown in Figure ¢.4.4-17a.

The ylobal corner torces for each of the four plates at the ad,oining
node is shown in Figure 2.4.4-17(b). Numerical values of these
corner forces were extracted from the finite element analysis output
(Table 2.4.4-1) for each node along the outer edge of the 1ia (noges
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, Mx, My, and Mz,
are given in Table 2.4.4-2.
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2.4.4.5 Lid Bolt Stress Analysis (continued)

The global corner force sums of Figure 2.4.4-17(c) were rotated into
a local (edge) coordinate systen for each noge 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 unbalancea nodal loads which must be
transmitted from the upper side of the cask body to the 1id via the
joint continuity provided by the 1id bolts. M'y and M'2 were founu
to be zero in the local (edge) coordinate system.

Since the nodes along the outer edye of the 1id do not coincige with
the bolt locations, the loads of Figure 2.4.4-18(a) were first
converted into loads per inch of lid circumference, (1b/in anc
in-1L/in) as shown in Figure 2.4.4-18(b). Numerical values for g ,
q), q, and ¢m, are given in Table .4.4-3 and plotted with

respect to circumferential position in Figure 2.4.4-1%.

Peak edge loads were found from Figure <.4.4-19 to be:

qpx = 6500 1b/in

q, . = 1050 1b/in

q; * 1500 1b/in

QYmx = -4000 in-1bs/in

Even though these peak loads occur at different circunferential
positions, they were conservatively assumed to occur simultaneously
for determining the maximum 1id bolt loads.

The maximum bolt load was determined by multiplying the peak edge
loads by the circumferential spacing Letween bolts as shown on figure
2.4.4-20. Since the 32 bolts are equally spaced around the 1
circumference, the spacing between the bolts is:

1= 2+r/32 bolts = 7.07 in.
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ODEL DESCRIPTION. ..

CURNER FORCE TABLE:

VODE
KO

65
65

66
66

67
67

68
68

69
69

70
70

71
71

72
72

73
73

PLATE
NO

229
260

231
232

232
233

233
234

236
235

235
236

236
237

CORNER
ND

1
4

CONDITION
NUMBER

1
1

CHEM KNUCLEAR RADIATION CASK

- e e=-===GLOBAL
PX PY P2
(LB) (L8) (Lb
539.09 66101.00 -5326
-3266.00 -644261.00 3713.
-4654.20 -36233.00 76405
-483.76 41804.00 -7308.
-7665.40 -26220.00 9106
188.05 36306.00 -8239.
-13213.00 -16953.00 97649.
1537.20 29733.00 -6522.
-18260.00 -10694.00 7610
8167.90 19132.00 -4534
-22087.00  -7412.30 5160
11669.00 14258.00 -1825.
-264536.00 -5556.00 2246.
16524 .00 9518.10 622
-26559.00 -3905.70 ~146.
20398.00 6506.10 2129.
-26399.00 -3273.90 -1656.
23155.00 4287.30 3609.

Table 2.4 .4-1

CORNER
MX
) (IN-LB)
.00 43987.00
00 ~64816.00
.40 -29017.00
30 326477.00
70 -12722.00
30 17809.00
70 3112.90
20 6939.10
.80 15765.00
.70 509.58
.40 14040.00
90 20264.10
50 12729.00
.08 5862.60
09 8847.70
60 7386 .10
30 6317.40
10 5332.30

FORCE
My

S

(IN-LB)

64752.
8105.

698.
3077.

-1787
=2152.

-820
-10811.

3693.
-19678.

6339.
-20019.

6321.
-16059.

407
~7686.

-6879.
4906

950
40

44
70

.60

.60

90
00

20
00

30
00

.62

30

30

.20

- e e = = = -

M2
(IN-LB)

0.00
0.00

0.00




SL-C

MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

CORNER FORCE TABLE:

-------- GLOBAL CORNER FORCES----=+--~

”

NDDE PLATE CORNER CONDITION PX PY P2 Mx MY M2
NO NO NO NUMBER (LB) (LB) LB) (IN-LB) (IN-LB) CIN-LB)
76 237 4 1 -264402.00 -2152.70 -2962.70 7626 .40 -11471.00 0.00
74 238 1 1 23542.00 36404.30 3204.00 1238.30 12070.00 0.090
75 238 4 1 -20653.00 ~-880.94 -2397.90 9703.40 -13366.00 .00
75 239 1 1 226456 .00 2361.40 3666 .60 -4603.70 15993.00 0.00
76 239 - 1 -16359.00 1591.40 ~2768.90 11136.00 -77647.70 0.00
76 260 1 1 19550.00 1317.20 3057.70 -6666.30 1646432.00 0.00
77 2640 4 1 -11982.00 4673.20 ~1936.70 11621.00 -2588.40 0.00
77 261 1 1 17038.00 -21.98 3546.30 ~5083.50 12931.00 0.00
78 261 4 1 ~6871.40 103864.00 -2221.80 7701.20 5152.60 0.00
78 2642 1 1 12116.00 -3982.10 4693.70 -3652.20 8561.70 0.00
79 2642 4 1 -3917.40 15656 .00 -364064.50 6430.30 8223.80 0.00
79 2643 1 1 7853.10 -9526.00 5125.80 -1063.40 5227.90 0.00
20 263 i3 1 -21764.30 19697.00 -3772.00 164306.00 6620.80 0.00
30 244 1 1 5058.40 -160643.00 6395.80 -97647.10 3698.90 0.00
81 266 4 1 ~1232.60 21955.00 ~67264.00 27629.00 1369.50 0.00
Rl 265 1 1 2975.20 -219645.00 4691.40 ~-23390.00 -22641.60 0.00
82 265 g 1 1822.80 20728.00 -2621.00 44695.00 3472.10 0.00
82 246 1 1 - 1795.70 =-25521.00 597.26 -36771.00 -164712.00 0.00

Table 2.4.4-1



9.2

MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

CORNER FNRCE TABLE:

-------- GLOBAL CORNER FORCES=-=-=-==~+-+-

NODE PLATE CORNER CONDITION PX PY P2 MX MY M2
HO NO NO NUMBER (Ls) (LB) (LB) C(IN-LB) (IN-LB) CIN-LB)
LR 2646 4 1 7051.30 16842 .00 2135.90 49189.00 11480.00 0.00
83 247 1 1 -1397.20 ~260564.00 -3626.60 =61044.00 ~266462.00 0.00
84 247 4 1 16207.00 11166.00 6469.00 33272.00 15790.00 0.00
84 2648 1 1 -6478.40 -24002.00 -8068.80 -29382.00 -24011.00 0.00
35 248 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
86 249 4 1 35548.00 3017.10 10583.0¢ 1588.20 56464.59 0.00
86 250 1 1 -26902.00 -9779.70 -9101.00 -12613.00 -2103.80 0.00
87 250 “ 1 42737.00 930.45 9738.40 -6761.10 ~4623.60 0.69
87 251 1 1 ~37275.00 -3%05.80 ~7345.40 -10656 .00 86455.70 0.00
83 251 4 1 47513.00 -1652.10 76435.90 -10965.00 ~15676.00 0.00
83 252 1 1 -46208.00 23.84 ~4729.70 -11199.00 16331.00 0.00
%9 252 4 1 47902.00 -3750.30 4489.10 -12694.00 -25680.00 . 0.00
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 NUCLEAR RADIATION CASK

CORNER FORCE TAR'E:

-------- GLOBAL CORMNER FORCES--~-=---~-+

NODE PLATE CORNER CONDITION PX PY P2 MX My Mz
NO NOD NOD NUMBER (LB) (LB) (LB) CIN-LB) (IN-LB) CIN-LD)
91 255 1 1 -45062.00 8400.50 8105.40 -263664.00 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 -8264.60 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 -66466.00 ~-8578.00 -516422.00 31432.00 0.00
95 259 1 1 -7139.40 33092.00 6351.50 59488.00 -7707.80 0.00
96 259 4 1 -6029.00 -476064.00 -3202.60 -564269.00 21546 .00 0.00
96 260 1 1 -1858.80 40583.00 -1063.50 63072.00 1078.10 0.00
97 229 2 1 3176.60 44805.00 8495.60 44026 .00 -6833.60 0.00
97 260 3 1 -2764.74 -50925.00 -8250.80 ~643868.00 -12246.00 0.00
98 229 3 1 940.50 -526764.00 -10577.00 -21026.00 -16735.00 ) 0.00
98 230 2 1 5158.80 31126.00 9186.90 23882.00 48664.60 0.00
99 230 3 1 2790.30 -46707.00 -10983.00 -42643.10 -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

Table 2.4.4-1
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MODFL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

CORNER FORCE TABLE:

-------- GLOBAL CORBER TFTOREE[=»wro~===-

NODE PLATE CORNER CONDITION PX PY P2 MX MY M2

NO NO NO NUMBER 9.0 (LB) (Ls) (IN-LB) (IN-LB) (IN-1B)
100 232 2 1 16766.00 10500.00 7706.60 -11596.00 -2571.80 0.00
101 232 3 1 -63.08 -29539.90 -8793.30 16214.00 19792.00 0.00
101 233 2 1 264020.00 5118.70 21264.70 -20346.00 -16327.00 0.00
102 233 3 1 -10101.00 -16838.00 -2750.50 §236.10 20576 .90 0.00
102 236 2 1 27535.00 3372.40 -168.13 -16152.00 ~16144.00 0.00
103 234 3 1 -14670.00 -12075.00 -252.46 2085.70 20263.00 0.00
103 235 2 1 31320.00 2179.90 -6182.60 -11770.00 -16866.00 0.00
106 235 3 1 -21286.00 -7792.30 3706.60 -3647.10 9290.70 0.00
106 236 2 1 32510.00 2236.20 -58647.20 -5931.50 -7726.90 0.00
105 236 3 1 -26509.00 -56468.640 5373.90 -64866.20 -64505.00 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 -16463.00 -14168.00 0.00
106 238 2 1 25716.00 2092.00 -3563.20 -33664.60 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 2640 2 1 137764.00 -3110.90 ~-1564.52 -5555.50 13025.00 0.00

Table 2.4.4-1
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1OPEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

COENER FORCE TABLE:

-------- GLOBAL CORMNER FORCES -~~~

NODE PLATE CORNER CONDITION PX PY PZ MX MY M2

NO NO NO NUMBER (LB) (Lm) (L8 (IN-LB) CIN-LB) (IN-LB)
109 260 3 1 ~213642.00 -2879.60 -966.50 3312.40 -7057.00 0.920
109 261 2 1 7034.70 ~9227.90 -43.56 ~3648.50 6740.30 0.0¢8
110 261 3 1 -17201.00 ~11364 .30 -1281.00 ~1735.40 116 .42 0.00
110 262 2 1 2907.60 -15893.00 -2071.80 3545.30 -372.864 0.00
111 262 3 1 =11106.00 4218.90 782.54 -8483.80 1369.20 0.00
111 243 4 1 1011.70 -22000.00 -5965.90 8905.10 -609.79 0.00
112 263 3 1 ~6690.40 11829.00 4612.10 -77%5.72 -7%3.82 0.00
112 26446 2 1 561.02 -26369.00 -96476.80 1982.70 5536.00 0.00
113 264 3 1 ~4366.80 20457.00 7805.00 19952.00 3J358.40 0.00
113 265 2 1 ~496.98 -26933.00 -9477.20 -19790.00 9048 .40 0.00
114 265 3 1 -4303.00 28151.00 7206.70 42177.00 19555.00 0.00
114 266 2 1 ~6242.30 -22912.00 ~35264.20 ~46699.00 966 .98 0.00
115 266 3 1 -4604.70 315%90.00 791.04 44783.00 376497.00 0.00
115 247 2 1 -121644.00 ~15523.00 5798.%0 -55716.00 -14650.00 0.00
116 247 3 1 -2666.10 30411.00 -8661.30 22010.00 36216.00 " 0.00
116 2648 2 1 -22925.00 -8626.20 111649.00 ~-35054.00 -20057.00 0.00
117 248 3 1 2634.30 26422.00 ~13446.00 443,54 16282.00 0.00
117 269 2 1 -36935.00 ~1369.10 10229.00 ~7046.90 -10856.00 0.00

Table 2.4.4-1



MODEL DESCRIPTION...

CHEM NUCLEAR RADIATION CASK

CORMER FORCE TABLE:

08-2

-------- GLOBAL CO®NER FORCES-~~-~-~-~-+
NODE PLATE CORNER CONDITION PX PY P2 MX MY M2

NO NO NO NUMBER (LB) (L) (LB) (IN-LB) (IN-LB) CIN-LB)
118 249 3 1 19480.00  13266.00 -11377.00  -1033.30 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  -2768.50 -11205.00 6.00
119 251 2 1 -58431.00 4475.30 8545.640  12853.00 7341.50 0.00
122 251 3 1 48193.00 1082.60  -8636.00 2399.20  -20664.00 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 9795.90  -29473.00 0.00
121 253 2 1 -57278.0¢ 6231.80 4366.40  121064.00  29369.00 0.00
122 253 3 1 65803.00  -14364.40  -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 61326.00  -1869.50 1403.60  276426.00 -41303.00 0.00
123 255 2 1 -27659.00  18532.00 -10198.00  -9919.10  47643.00 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 0.00
125 256 3 1 40139.00  -8799.80  13069.00  17273.00 -13209.00 0.00
125 257 2 1 37164.10  46203.00 -21990.00 -19796.00  11163.00 0.00
126 257 3 1 23057.00 -19635.00  19960.00 -25771.00  16838.00 0.00
126 258 2 1 71764.30  51626.00 -18334.00  12120.00 -33403.00 0.00

Table 2.4.4-1



MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

CORNER FORCE TABLE:

GLOBAL CORNER

NODE PLATE CORNER CONDITION P P2 MX
NO NO NO NUMBER (LB) (LB) (IN-LB)

126494.00
7981.80

3186.70
5379.60

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

SUMMED CORNER FORCES TABLE:

= e w & LR BN G CORNER FORCE TG ==

NODE CONDITION PX rY PZ MX MY MZ
NO NUMBER (LB) (LB) (LB) (IN-LB) CIN-LB) (IN-LB)
65 1 =2706.91 -160.00 -1611.00 4171.00 12858.30 0.00
66 1 51379 5571.00 97.10 3460.00 3776.14 0.00
67 1 -7277.35 10086.00 865.40 5087.00 ~3940.40 0.00
68 1 -11675.80 12780.00 3227.50 10052 00 -11631.60 0.00
69 i -10072.10 86438.00 3076.10 162746 .58 -15984.10 0.00
70 1 -106418.00 6845.70 $364.50 16064.10 -13179.80 0.00
71 1 -8010.00 3J962.10 2868.58 18591.60 3737 .79 0.00
72 1 ~6161.00 2600.40 1983.51 16233.80 -7278.88 0.00
73 1 -3244.00 1013.40 1952.80 11649.70 -1973.10 0.00
74 1 ~860.00 1251.60 261.30 8264.70 599.00 0.00
75 1 1803.00 1480.46 1268.70 5099.70 2627.00 0.00
76 1 3191.00 2908.60 288.80 46469.70 6684.30 0.00
1?7 1 5056.00 4651.22 1609.60 6537.50 10342 .60 0.00
78 1 5262.60 6401.90 2471.90 4249.00 13714.30 0.00
79 1 3935.70 6130.00 1721.30 5366.9b 13450.80 0.00
80 1 2884.10 3J654.00 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 8145.0¢C -14982.00 0.00
84 1 9728.60 -12836.00 -1599.80 3390.00 -8221.00 0.00
85 1 8677.00 -8702.90 931.2¢C -3871.00 1048.00 0.00
86 1 8646.00 -6762.60 1482.00 -11024.80 3360.70 0.00

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

SUMMED CORNER FORCES TABLE:

----- GLOB AL CORNER FORCE SERE »s»v-

NODE CONDITION PX PY P2 MX My M2
NO NUMBER (LB) (B) n) (IN-LB) (IN-LB) (IN-LB)
87 1 56462.00 ~2975.3%5 2393.00 -176417.10 3832.10 0.00
23 1 1305.00 ~1628.26 2706.20 ~22164.00 655.00 0.00
89 1 -3126.00 -383.10 3467.90 ~26610.00 -19649.00 0.00
90 1 -8093.00 =2962.50 4619.78 ~29568.00 -7228.00 0.00
91 1 ~-11490.00 -5397.580 4021.60 ~30946.70 -10949.00 0.00
92 1 -15738.00 -10652.00 45642.40 ~22795.60 -9990.00 0.00
93 1 -13627.00 -12489.00 2487.00 -13938.90 -7079.30 0.00
94 1 -16135.40 -19317.00 =-712.00 -2791.00 9590.90 0.00
95 1 ~5019.40 -13374.00 -2226.50 8066.00 23726.20 0.00
96 1 -5887.80 =7021.00 ~64266.10 8803.00 22624.10 0.00
97 1 2899.86 -6120.00 26464 .80 158.0¢ =19079.60 0.00
98 1 6099.30 =21550.00 -1390.10 2858.60 -11890.40 .00
99 1 13706.30 -28608.00 =7643.00 3323.60 -6540.00 0.00
100 1 18875.00 =26953.00 ~40645.40 737.00 -556.60 0.00
101 1 23956.92 =264420.30 -6668.60 -6132.¢00 3465.00 0.00
102 1 176436.00 ~136465.60 -2918.63 -7917.9¢ 4432.00 0.00
103 1 16650.00 -9895.10 66435.06 -9684.30 3377.00 0.00
1064 1 11226.00 -5556.10 =214640.60 -9578.60 1563.80 p.oa
105 1 3870.00 -2907.30 1.9¢ ~7630.00 -102.10 ' 0.00
106 1 -3416.00 ~2603.70 11642.40 ~6807.60 -929.00 0.00
107 1 ~-8882.00 -4381.93 12649.70 ~26415.00 -938.00 0.00
108 1 -12047.00 =7297.20 455.20 -879.70 -566.00 0.00

Table 2.4.4-2
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MCDEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK

SUMMED CORNER FORCES TABLE:

----- GLOBAL CORNER FORCE 2N ==» 2w

NODE CONDITION PX PY rZ MX My M2

NO NUMBER (LB) (LB) B) « C(IN-LB) CIN-LD) " CIN-18)
109 1 -14307.30 -12107.50 -1010.06 ~336.10 -316.70 0.00
110 1 -164293.40 -17027.30 -1352.80 -196.10 ~256.642 0.00
111 1 -10092.30 -17781.10 ~5183.36 621.30 759.641 0.00
112 1 -6149.38 =1645640.00 ~4864.70 1206.98 4782.18 0.00
113 1 -64861.78 -6476.00 ~1672.20 162.00 126406 .80 0.00
1146 1 -8545.30 5239.00 3682.50 ~4522.00 20521.98 0.00
115 1 -16742.70 16067.00 6589.84 -10933.00 22847.00 0.00
116 1 -25591.10 21784.80 2507.70 ~1306464.00 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 101064.50 ~3863.50 0.00
120 1 -14313.00 6148.20 -1838.70 17294.20 -35192.98 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 T 33665.00 16662.50 ~-8796.40 17506.90 6345.00 0.00
126 1 33522.00 21388.90 -3653.00 9559.00 5611.00 0.00
125 1 43853.10 376403.20 -8921.00 -2523.00 +~2061.00 0.00
126 1 30231.30 31991.00 1626.00 -13651.00 -16565.00 6.00
127 1 206475.80 276413.00 10771.30 -13623.00 ~-28176.00 0.00
128 1 8566.30 12910.00 6966.00 -6110.00. -27323.20 0.00

Table 2.4.4-2



MODEL DESCRIPTION... CHEM NUCLEAR RADIATION CASK
PANEL . 229 THRU 260

SUMMED AND ROTATED CORNER FORCES PLUS RUNNING LOADS TABLE:

FOR EDGE..... o 97 98 99 100 101 102 103 106 105 106 107 108 109 110 111 11¢ 113 114 10S
116 117 118 119 120 121 122 123 12¢ 125 126 127 128

EDGE FORCE TRIAD PANEL EDGE FORCES tEDGE) COORDINATE SY¥YS$S VS

JA JB JC COND PY QX PY QY Pz Qz MX
NO NO NOD ND (LB) (LB/IN) (L) (LB/7IN) (LB) (LB/IN) IN-LB

-6120.
-22363.
-31722.
-32858.
-364086.
-21801.
-19006.
-12007.

-3870.

3810.
9838.
164078.

~
L

-867.

-64931.

-12407.
-o1016

-25328.

Table 2.4.4-3




98-2

panr) nra..mn. .. CHFM NUCILFAR RANDIATION CASK .

FANEL SIREES. ......0 229 THRU 260

SUMMED AND ROTATED CORNER FORCES PLUS RUNNING LOADS TARLF:

BN EPEE. . .o ies 97 98 99 100 101 102 103 104 185 106 107 108 109 110 111 112 113 114 115
116 117 118 119 120 121 122 123 126 12% 126 127 128
[PGE FORCE TRIAD P ANEIL EDGE FO9RCEHS IN CtEDGE) COORDINATEY - 8l

NODF JA JB JC COND PYX X PY QY L4 0z MY QMY

no ND NOD ND NO (LB) (LB/IN) (LR) (LB/7IN) (Ln) CLrR/2IN) IN-LR INLR/IN

114 15y 65 1 -32930. -6139. ~6716. -R6G6G . 2508, 315, =20765. -2&1IN

117 116 118 65 1 =62342. -6000. -3362. 476 . -3217. =656 . -854S. <=12])1.

1R 117 119 65 1 -32266., -5260. ~62R . -192. ~29R. -G8, 2R17. a5R

119 118 120 65 1 -28635. -64651, 1769. 287. «3171. i b 10815, 1757.

120 119 121 65 1 -151%1. <-2441. 3619. SRR . -1839. -299. 175RS. ZRSA,

121 120 122 65 1 3535. 576, GRIY. 795%. -2192. «35%6, 21900, 35572.

122 1?21 123 65 1 22723. 3691, 5215, RG7. ~5083. -R826. 22457. 647,

123 122 126 65 1 37306. 6059. 6389. 713. ~8796. -1628. 18621, Inde6,

126 123 128 65 1 39706. 6669, c155. 350. ~3653. -593. 11083, 1800,

125 126 126 65 1 57637, 8168, =geh =32. -8921. ~-1264. -3266, -GhN .

126 325 127 65 1 G3IR26, 5508, ~64076. =312 1626, 204, ~21458. -2677,

127 126 128 65 1 33563, 4216, ~6751. -8469, 10771. 1356. -31296. -3933%.

128 127 97 65 1 16676 . 1819. *3521%. 696, 6966, R875. =27998, ~351%,

Tahle 2.4 A7
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2.4.4.5 Lid Bolt Stress Analysis (continued)

Therefore the maximum 1id bolt loads shown on Fiyure z.4.4-20, are:

Vx = 6500(7.0G7) = 45955 1bs.
Vy = 1050 (7.07) = 7423 1bs.
Ve = 1500 (7.07) = 10605 Tus.
M = -4000 (7.07) = -28280 in-lbs.

Lio bolt stresses are determined in Section ¢.4.4.5(1)

2.4.4.6 Tie-down Arm Stress Analysis The tie-down arm is welded to

the outer cask shell as shown in Figure z.4.4-21(a) ana (b).

The maximum tie-down arm load of 652750 1bs. was determined in Section
RN

Stresses for the tie-cown arm and it's connection to the exterior cask
shel)l are determiined as follows:

(1) Tension on Net Section at Hule

Aoy = (L5 - 2.875) 2.7 = 9.57 in°

op = BESC - 65480 psi

*allew " Fy = 1L00U0 psi (tension only - A517 or AS14 steel.

See table 2.3-1)
Therefore:

F.5 _oallow _ 100000
e i ot 65480

=]1.53

(2) Contact Bearing at Lifting Hole

A = 2.75(2.75) = 7.56 in’

bry
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Section A-A

1 = circumferential spacing between bolts (in.)

VZ
* Vx=qpxx1
v = 1
1) y  Ypy
- 1

5 L o ,'
ﬁz/'(///' ///(/ . % ™
‘ M =gq X 1

x = r

y
Section B-B

Figure 2.4.4-20 MAXIMUM L1D BOLT LOADS
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1 1/2 THK

2 3/4 THK

2 7/8 DIA

TIE-DOWN ARM PLATE

t BASE METALOF EXTERIOR SHELL

L

LEAD
EXTERIOR CASK SHELL

SECTION A-A

(b)

Figure 2.4.4.-21 CASK TIE-DOWN ARM
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¢.4.4.6 Tie-down Arm Stress Analysis (continued)

652750 :
«* Y 86343 psi

= 1,36 l"'.y = 1.35(1000C0) = 135000 psi
(contact bearing)

®allow

Therefore:

_callow _ 135600
F.S. =" T 1.56

(3) Arm Tension

A = 1.5(6.5) = 9.75 inf

ot = 2 = 66949 psi

%y ion F.y = 100000 psi (tensiun only)
Therefore:
Fg. 2fallow 100060y 4o

ot 66549
(4) Edge Tearout

A= (4-1.4375)(2.75)2 = 14.09 in®

oo %%%%59 = 46315 psi (shear)
F ™
callow = 2)' = %)‘% = 50000 psi (shear)
Therefore:

callow _ 5000V

F.S. =
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‘ 2.4.4.6 Tie-aown Arm Stress Analysis (continueu)

(5) Weld Stresses

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

Ryerg = (6.5 + 2 (15.75)) 1.375 = 52.2Y in?

o= $LB0 = 12492 psi

F 38000 .
callow = jl y —_ 19000 psi

Therefore:
_oallow _ 19000 =
F.S. = - 17357 1.52
‘ 2.4.4.7 Overpack Stress Analysis

(1) Vertical Loaus

The bearing pressure on the annular lana 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
2.3-1, is 1500 psi. Therefore,

callowable 1500
F.$S. 8 ————m———— & oo = 8.1
cactual 185

(2) Lateral Loads

The maximum force experiencea by the shear block is 243.13 kips, as
determined in Section 2.4.4.2.
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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 proauces

Auqock = (24)(12) = 286 in

The compressive stress in the overpack foam is:

Fshear block _ 243130
Ablock 28b

oblock = = 844.2 psi

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

F.S. _callowable 1500 . ;.78
Oactua] 844-2

2.5 Standards for Type "B" and Large Quantity Packaging

10 CFR 71, Para. 71.32 defines adcitional structural stancards to Le
applied to Type B and large quantity packaging. These standards consist of
"load resistance” and "external pressure”.

2.5.1 Load kesistance

"kegardeu as a siwple beam supportea at its enas along any major axis,
packaying shall be capable of withstanding a static load normal to and
uniformly distributed along its length equal to 5 times its fully loaged

weight. . .
Mc
Ot‘ T——
where M = %l—
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Foam Overpack

Cask Shell, bottom

Figure 2.4.4,-22—BOTTOM OVERPACK AND SHEAR BLOCK REACTIONS
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2.5.1 Load kesistance (continued)

Assume the outer shell alone supports this load.

1 = Total length of cask = bY%.0 in.
¢ = Cask shell radius = 36.75 in.
do = 73.5 in.

di = 72.0 in.

] = Fi [dg 4.4; 4]

1.134 x 105 ind

. (5)(74200)(39’ = 4.116x106 in-1b.

oe = (4:116x100)(36.75)
¢ 1.134x105

1334 rsi

Safety Factor = 34650/1334 = 26.0

2.5.2 External Pressure

The requirement for external pressure is that the cask must bc able to
withstand an external pressure of 25 psiy without loss of contents. It has
been conservatively assumed that only the 3.5 inch enu plates ana the
outermost 1.5 inch steel plate cylinder are effective in resisting the
external pressure.

2.5.2.1 Bottom End Plate(l)

o= g (P3N

D = Diameter = 73.5 inches

(1) Ref. 3, p. 363, Table 24, case 10a
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P = 25 psig

t = 3.50 inches

v = 0.30

o = 3411 psi

Safety Factor = 34650,3411 = 10.2

2.5.2.2 Cylindrical Shell - Buck1ing})

0.8E 2.2
r s + 1 + nt . [1 + (%;)2]2 (])

€ é 2 2 Z

buckling mode number
hodulus of Elasticity = 27.9 x 10° psi
v =0.3

1 : i
- (73.5 + 72.0) = 36.375 in.

~
n

t = 1.50 in.

1 =89 1in.
The minimum critical pressure occurs atn=4
and PC = 313] psi

Safety Factor = 3131/25 =125

2.5.2.3 Primary Lid

yeo r 4 r, 2 r 2
g Miu-f 1 o e i) netsninGh) 3
0 & =
1 2 r r r
' : 2 (1.2 ) (£73)
1 2
r r r
__1 _]_"_» 2 1-v 1,2
R TN B ik ek i iR
op T2 ()
t 1 -
{1=v" g™ - =)
t %2

Era Tty

(1) Ref. 3, p. 556, Table 35, case 20
(2) Ref. 3, p.339, Table 24, case 23
(3) hef. 3, p.334, Table 24, case la
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2.5.2.3 Primary Lid (continuea)

where v = 0.3
t=3.51n.
P = 25 psi
r, = 16.5 in.
r, = 36.75 in.

W= _é_ Pry = 206.25 1b/in
and 0 = 4357 psi
0p = 2757 psi
o = 7114 psi
Safety Factor = 34650/7114 = 4.9

2.5.2.4 Secondary Lid'})

- %- ('%)2 P (3+v)
ri= 16.5 in.
t = 3.5 1q.

o = 687 psi
Safety Factor = 34650/687 = 50

2.5.2.5 C(ylindrical Shell - Maximum Stress

For external pressure ¢ = -%5

. (zsifgs.375) 586 Bad

Safety Factor = 23100/606 = 38

2.6 Normal Conaitions of Transport

The package has been designed, constructed, and the contents limited (as
described in Section 1.2.3 ), such that the performance requirements specified
in 16 CFR 71.35 will be met when the package is subjected to the normal
conditions of transport specified in Appendix A of 10 CFk 71. The ability of
the package to satisfactorily withstand the normal conditions or transpurt has
been assessed as described below:

(1) Ref. 3, p.303, Table 24, case 1lla
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2.6.1 heat

A uvetailed thermal analysis for normal conaitions ot trenspdrt can be
founa in Section 3.4. The analysis used an internal heat load of 100 watts.

The maximum cavity temperature was founc to be 177°F assuming 13C°F
ambient air and full insolation. This is the maximum package tesperature.

These temperatures will have no detrimental effects on the package.

2.6.1.1 Summary «f Pressures and Temperatures From Sections 3.4.2 and

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

Pressure:
Poax = 67 PSig
Temperatures:
Outer Surface 177°F
Containnent Cavity 177°F

2.6.1.2 Ditferential Thermal Expansion Frum the sunmiary tenperatures
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 containment vessel are

less than one Fahrenheit degyree.

Since lead bonding is not present, fabrication stresses a’e 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 expension has
been performed using an axisymmetric finite element model, Figure 2.6.1-1. The
same model is used for computing cask stresses throughout Sections 2.6 ana 2.7
of this report. This ANSYS finite element model is described fully in
Appendix 2.10.3.
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2.6.1.2 Differential Thermal Expansion (continued)

The referenced figure completely describes model geometry. A1l material
properties of the mogel are taken airectly trom Table 2.3-1 for steel, ASTM
A516 Gr70, and lead. To represent the unbondea lead, the lead elements were
decoupled from the steel shells in the axia)l uirection. This assures that
shear forces are not transmitted between the steel shells and the lead, yet
permits proper treatment of direct radial forces between the steel shells ang
the lead due to differential thermal expansion effects.

A stress analysis was made using combined tewperature and pressure 1oads.
This analysis evaluated stresses in the cask due to temperature gradients and
differential thermal 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
intensity is 16362 psi in element 156. This is the area with the lowest
factor of safety, 2.12.

A plot of the elastically ceformed cask is shown in Figure 2.6.1-2. For
clarity, the deformations are greatly exaggerated. The maximum deformation is

0.042 inch.

2.6.1.3 Stress Calculatiors The complete stress analysis for combined

loads was discussed in Section 2.6.1.2.

2.6.1.4 Conmparison with Allowable Stresses The comparison with

allowable stresses was discussed in Section 2.6.1.2.
2.6.2 Cold
The materials of construction for the packaying, including the lead,

carbon steel, overpack and the seals themselves are not significantly affectea
by an ambient teneprature of -40°F.

2-107



80L-2

STRESS I
eLemend Tyer BASE PLATES CASK BODY PRIMARY LID | SECONDARY LID
TYPE (‘(J‘F?“) INNER | ouTER [LowEr | Lower | mip | Mip | ueper JupPER | BOLT | INNER| OUTER | INNER | OUTER
ps? INNER | OUTER | INNER| OUTER | INNER JOUTER RING
=~
MEMBRANE  |FLEMENT 51 62 95 118 159 | 126
SHELL | >2100) VALUE
‘ . G
ELEMENT (psi) 4365 | 6427 |a360 | 6166 | 4407 | 6054
MEMBRANE 1o emenT 51 50 |119 118 159 | 158
STIF61 3
BENDING
(34650) | yaLue 6777 | 12034 [ 4619 | 6315 | 16362 | 98aa
(psi)
soL1p | memerane | erement] 3-a  [39-40 167-172 | 237 | 187 247 250
ELEMEN
1 e Y“LVE 1554 | 7489
2 ) psi) 5310 | 590 |1196 219 644
sT1r25 | memerane | eLement] a4 34 s sie -1 e e ot
+
BENDING .
(34650) | VALUE | 2787 19289 3424 | 1006|1214 | a79 | 1126
(psi)
LOADING: 130° F Ambient + Pressure + 100 W Payload

Maximum Stress Intensities in Cask Regions
Table 2.6.1-1
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2.6.2 (old (continued)

The cask must Le ab’e to resist brittle fracture failure under normal
conditions of transport ana hypothetical accident congitions at tenperatures
as low as -20°F per NKC 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 ena plates
and lids, and the 3/4 inch thick steel inner shell. Note that according to
Nukeg/Ck-1875 (UCKL-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 Il fracture toughness requirements of
Nukeg/Ck-1675, the nil ducti” ity transition temperature ‘TNDT) of this steel
must be less than the value aetermined by the equation:

Typr = LST - A

where: LST = Lowest Service Temperature (= -20°F)
A = Value from Figure 2.6.2-1.

Entering the figure, the following values may be aeterminea:

T

Thickness A NOT
1-1/2 -20 0°F
3-1/2 +5 -25°F
3/4 -20 0°F

Therefore, the nii ductility transition temperatures must be less than
-20°F for the outer and inner shells, and -25°F for the end plates.

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

2 =

¢, = — 1400002
5(29x106)
The Cv value specified for both the enu plates and the outer shell is at
least 12 ft-1b and the averaye of 3 test specimens is at least 15 ft-1bs at
-40°F, 15° below the Towest required NDT temperature. Therefore, the gesiyn
is sufficiently ductile, over the lowest service temperature range, to prevent
brittle failure of the cask containment.

:1100 fto-‘bo

2.6.3 Pressure

The containment 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 packaye is an improved lineal uescenadent of a proven cask with well
over ten years of operational use in a transport environment. This experience
demonstrates that vibrations normally inciuent to transport will have no
effect upon the packagye.

2.6.5 water Sgraz

Not applicable, since the packagye exterior is constructec of steel.
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2.6.6 Free Drop

The packaye weight of 74000 pounus means that the pachaye must be able to
survive a one-foot free fall drop onto a flat, unyielding surface without
reducing its effectiveness in withstandiny subsequent accident conditions.
Using the techniques described in Appendix 2.10.1, the maximum accelerations
experienced by the package for a one-foot urop have been calculatea to be
those shown below:

Condition Acceleration (¢'s)
End 46.4
Side 4.6
Corner 8.5

The stresses resulting from these loaus have been found as a percentaye of
those calculated for the 30-foot drop conditions based on the ratios of peak
accelerations. These stresses are summarized in the following sections.

2.6.6.1 End Drop The ratio of stresses for the one-foot drop compared
tc the 30-fuot arop is 46.4/135.3 = (0.343. Maximum stress intensities are
summarized in Table 2.6.6-1.
Stress irtensities 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:

3. o _zgég_g = 3.86

2.6.6.2 Side Drop The ratio of stresses for the one-foot arop

compared to the 30-foout drop is:

Tﬁ—:;g— = 0.227

Maximum stress intensities are summarized in Table 2.6.6-2.
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2.6.6.2 Siage Drop (continuea)

Stress intensities throughout the cask remain well below allowables during
the side drop. The highest stress intensity is 11378 psi at the bolt in the
primary 1id. The minimum factor of safety, 3.(5, occurs in the same are.

2.6.6.3 Corner Drop The ratio of stresses for the one-foot drop
compared to the 3U-foot drop is found as:

by 3
ey = 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
1id. This corresponds to the minimum factor of safety,

£.S. = —327?15-‘5 s 5.4

2.6.7 Corner Drop

Not applicable, since the package weighs more than 110 1bs.
2.6.8 Penetration

Impact energies resulting from a 13 pound rod droppiny from a height of 4C
inches will have no significant effect on the exterior of the package. The
overpack fully protects both ends of the cask leaviny only the central boay
exposeu. 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 Comgression

Not applicable since the package weighs more than 10,000 1bs.
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ELEMENT |SIRESS BASE PLATES CASK BODY PRIMARY LID | SECONDARY LID
TYPE TYPE
100! NNER [ OUTER| LOWER MID | MID UPPER | UPPER | BOLT INNER | OUTER| INNER | OUTER
| (psi) INNER INNER | OUTER | INNER | OUTER | RING
Membrane |Element| 63 115 | 118 122 | 126 -~
by / P
(23100) | value N N osn 2a83 | 2568 | 2270 | 2431 \
Shell (psi) N
t[lement //‘ /
Membrane |Element| / 51 115 | 118 159 | 126
STIF61 + ’ / \
Bending Value / \
(34650) (psi) / 736 2737 | 3012 | 3979 | 2609
/ il
' Membrane |Element|31-32| 1-2 N N 167-172] 229 | 178 | 277 280
o N N
-3 —
(23100) | value | 429 | g9a | ~ N N 2278 | 784 | 2160 | 1679 | 2310
<oli (psi) \ “K\\
501id
Element b
Membrane |Element| 4 1 ' 167 238 185 276 281
STIF25 +
Bending \\\
(34650) Value | 1244 | 1750 \\ \ 4246 1656 | 2405 | 2070 | 5412
l (psi) 7N A
LOADING: 100°F Ambient + Pressure + 1-Foot Corner Drop + 100M Payload

Maximum Stress Intensities in Cask Regions

Table 2.6.6-3




. 2.6.10 Conclusions

From the above assessment, under normal condituns of transport, the

package com;iies with the five criteria set forth in Section 71.35 of 10 CFR
71, as follows:

® There will be no release of radicactive material from the
containment vessel.

e The effectiveness of the packaging will not be reauced.

o There will be no mixture of gases or vapors in the package which
could, through any creaible increase in pressure or an explosion,
signiyicantly reduce the effectiveness of the package.

e Kadioactive contamination of the liquid or gaseous primary coolant
will not exceed the limits specified in 10 CFKk 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 Hypothetical Accident Conditions

The package has been designed ard the contents lTimitcd such that the
performance 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 anc its ability to
withstand accident conditions, a set of comprehensive loadiny, stress ana
deflection analyses have been made, addressing each of the specified accicent
conditions. For the 30-foot drop analyses, loads were derived by computing
eneryy absorption of the foam overpacks ana 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 and

. deflections in the cask. Ful) descriptions of these analyses are contained in
Appendix 2.10.1.

2-118




- O Free Drop

Appendix b of 10 CFh 71 requires that the packaye survive a 30 fout drop
onto a flat essentially unyieldiny surface. The analytical aethodk used to
demonstrate this capability closely parallel the techniques used for past Type
B packayes. Analytical techniques are completely described in Appendi x
Section 2.10.2.

As described in Section 1.2, the package features circular energy
absorbing overpacks surrounding each end of the cask body. These overpacks
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 urop conditions assures the complete effectiveness
of the cask closure features essential for preservation of package containment
integrity.

Using the methods of Appendix 2.10.1.1., three drop conaitions for the
package have been evaluated, i.e., end, corner, anu side. Analytical values
of stress and deflection are conbinea with appropriate analytical values aue
to temperature and pressure. These combined results are then compared with
applicable criteria to demonstrate compliance of the packaye with requirenents
for hypothetical accident conditions.

2.7.1.1 Free Drop Impact, End Drop 0f all the potential orientation
angles, the end drop produces the largest package deceleration forces. This
produces the worst case loading for leud slump.

For a thirty foot end impact drop, deformation of the overpack amounted to
3.61 inches. 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.
kesults of the analysis are shown in Table 2.7.1-1. A peak deceleration of

135.3g was calculatea.
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2.7.1.1 Free Lrop Impact, Ena Drop (continuedO

Detailed cask stress calculations were made using the cask finite element
mcdel discussed in Section 2.6.1. See Figure 2.6.1-1. The stress;s
associated with an end impact deceleration of 135.3g's were combined with
maximum normal temrerature ana pressure stresses, as outlinced 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 riny at element
167. This is also the area with the minimum factor of safety, 2.81, due to
membrane stress.

The mininum factor of safety for buckling occurs in elewent 127, where the
axial membrane stress is -8163 psi ana the hoop membrane stress is 1346 psi.
These are combined, accoraing to the techniques described in Section 2.1.¢.1,
to yiela a buckling stress intensity of 9529 psi. Thus, the factor of safety
for buckling is

F.S. = ;‘;25%%3 = 4.5]

For considering Euler buckling, the axial force is due to the inertic of
the cask end plus one overpack. The weight of these two items is 11070 1b.
(see Section 2.2). Thus, the inertial load will be (135.3)(11070) = 1.5 x
106 1b. This is less than the critical load of 9.8 x 109 1b. (see Section
2.1.2.1, Euler Column Buckling), therefore, the cask will not fail by column
buckling.

A plot of the elastically deformed cask is shown in Figure ¢.7.1-1. For

clarity, the aeformations are greatly exaggerated. The maximum aceformation is
0.077 inch.
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2.7.1.1 Free Lrop lmpact, Enu Lrop (continuedl

(1) Lead Slunip :
Historically, lead slump in shipping casks due to the 30-foot arop

accigent condition has been analyzed usinj an equation presented by
L.B. Shappert in ORNL-NSIC-68, “Cask Desiyners Guide," as follows:

th = — ZRHH (1)
w(R"=r )(tsas#Ron)
where sh = change in height of lead (i.e., leaa slump) (in.)

R = radius of outer steel shell of cask (in.)

W = total weight of cask (1b.)

H = drop height (in.)

r = radius of inner steel shell of cask (in.)

t = thickness of cuter steel shell of cash (in.)
o, = yield strength of outer steel shell of cask (psi)
opp, * aynanic 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-TM-1312, Vol. 6, “Structural
Analysis of Shipping Casks, Vol. 6 - Impact Testing of a Long
Cylindrical Lead-Shielded Cask bodel." The basic approach used in
their analysis of lead slump was to equate the kinetic energy of the
falling cask to the strain energy required to cause lead slump. The
strain eneryy of lead slump was composed of two parts: that energy
required tc deform the lead and that energy requirea to deform the
outer steel shell of the cask to provide a volume 1nto which the lead
could flow.

In computing this energy balance, it is important to note thot 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 neyligible part of the kinetic energy, CoOlWpared to the
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2.7.1.1 Free Lrop Impact, Enu Drop (countinueul

lead. This is not generally a reasonable assumption. Mevertheless,
two comparisons of lead slump precvictea by the equation were made with
measured values obtained by dropping scale node) casks. These
comparisons showed that the previctec lead slump was 60-84 per cent of
the measured values. Based on these comparisons, the conclusion was
drawn that the equation gaeve a reasonable preaiction of leau slump. If
the more reasonable assumption is made that only the kinetic energy of
the lead is to be used in couputing lead 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 cluse enough to the
measured values to be considered adequate predictions of lead slump .
Thus, the egquation 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 wiiln test values. While the equation was known
not to apply to casks with energ)y absorbers, it has, in the past, been
used to predict an upper bound worst case lead slump for casks so
equipped. The equation is not even acequate for that purpuse, anc, for
the reasons outlined above, this equation is not used to predict lead
slump in the CNS b-120E cask. Insteac, leud slump is derived directly
from the finite element model usea to compute stresses ana deflections
in the cask for the e¢nd arop analysis. From that analysis, lead slump
is predicted to be 0.i0 inch. This agrees well with test results of
other type B packages using foam overpacks, in which no measurable leau
slump was found. No honding was assumed between the leau ana the steel
shells in evaluating lead slump.

2.7.1.2 Free Drop Impact, Side Urop Behavior of the overpacks during
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
of 108.3g was calculated.
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IHNEFR [1avivlk Gib %9 €0 (ALL VALUES Iw
QUTER DIamETES cer e - I8uCHe”
InER THICF 58 L] 18.% '$.9
QUTER THICrHESS LC 3. 3£.9
RESUL T S 82 09s04 13 53 23
METHLE 2
OVERFACK C J1.1~-436=-112-2%
sSTryT*=s I="Il:l:=:8=_'t"'
TIME CEFLECTION ACC FORCE E(AEKS)
TOF Ty (R - 5.3771-102.2 ] 4545226, 135572686.
$OTTOM &. 39T =1C8. 3 4747224, 3% ¥
Cu=kI%ED -1;9.;41 HO90a4B, 271145
COFFECTION FAZTORS
T | A 1 L} 1
& 1 1 1 s
11 1 b} 1 ] ]
10 “C€E DETAILS OF IFECIFIC ITEFATIONS, ENTER
THEIR NUREERS (4 AT A TINME»

Table 2.7.1-3
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2.7.1.c Free Drop Impact, Side Drop (continued)

Detailed cask stress analysis was performed usiny the finite element model
described in Section 2.6.1.2. See Figure 2.6.1-1. The stresses associated
with the 30-foot side drop were combined with normal thermal and pressure
stresses. haximum stress intensities are sumnarizea in Table 2.7.1-4.

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 1id. This is also the area having the
winimum factor of safety, 1.40. This high stress intensity is due to a rauial
compressive stress which is developed because of the radial coupling of the
lie to the bolt ring at the boit location (Nodes 334 ana 365). This was done
in order to determine bolt forces and, hence, bolt stresses. However, this
results in unrealistically high stresses in the 1id because the liu anu bolt
design are such that radial compressive forces will be reacted by bearing
between the cask wall ana the lower plate of the 1id. Actual stresses in this
area of the cask will be substantially lTower (below yield) than this analysis
inaicates.

A plot of the ceformed cask is shown in Figure ¢.7.1-2. For clarity, the
deformations are greatly exagygerated. The maximum deformation is 0.064 inch.

(1) Side Drop, Lid Bolt Forces
The loads required tu hold the primary and secondary 1ids in place
were computea using the ANSYS stress analysis model. The forces of
the bolts were computed in the axial (tensile), radial (shear) anc
hoop (shear) directions. The 1ids and bolts are designed sO that
radial “compressive” forces are reacted by bearing between the
primary 1id and the cask body and between the secondary 1id and the
primary 1id. Because of this, only racial "tensile" forces are used
in computing bolt stresses. Radial “compressive” forces are those
which tend tc drive the bolted parts together in the racial
direction, while radial “tensile” forces are those which tena to
separate the bolted parts in the radial direction. These furces were
converted to coordinate stresses by dividing by the bolt stress area
(2.77 in¢ for 2-8 UN bOlts). Principal stresses anc stress
intensities were then computed based on these coordinate stresses.
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2.7.1.2 Free Drop Impact, Side Lrop (continued)

The resulting stress intensities, as functions of angular position cf
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 zround the circumference of the cask with zero deyrees
corresponding to the vertical downward direction. The highest stress
intensity was found to Le 123 ksi, anu the resultunt safety factor,
based on yield, is

- 130 -
F.5. = oy 1.06
2.7.1.3 Free brop Impact, Corner Drop An energy balance anal)sis,

described in Appendix 2.10.1, was used to predict loads on the cask dur’ .
corner drop. The angle of the cask with respect to the impact surface was
chosen so that the center of pressure at full deformation was directly beneath
the cask center of gravity. Because none of the crop energ, 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 calculatea to be
76.1y's at a deformation of 15.39 inches.

A detailed cask stress analysis was performed using the finite element
mode1 described in Section 2.6.1.2. See Figure 2.6.1-1. The stresses
associated with a corner drop acceleration of 76.1y's were combined with
normal thermal and pressure stresses, as outlined in NRC keyulatory Guice
7.8. Maximum stress intensities are surmarized in Table 2.7.1-6.

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 secondary 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 axiul 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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cCasy GEOMETRY

CASK 1D €-:20C 4} L= 36e.4 (15 ZETee2)
- (FEV) -
¥3)3)2))) FACKAGE (JZES CORRECTION FACTOR TABLE STAND/=D )
WEIGHT (LE) W 74000 .
OQUTEFr DIAMETER (IN) FCD 73.5
LENGTH (IN) LC 8%
DROF HEIGHT (FT) W 30
CC (CASK BTM) C(IN)  LCG 44.5
MOMENT INERTIA 1CC (LE SECw##2 INCHES)
)) OVP MATERIALS TOF. CNSI_1-436-112-25 BTM CNSI_1-436-112-2%
REF  UFFER LOWER
INNER DIAMETER O0ID SO s (ALL VALUES IN
OUTER DIAMETER 00D 9¢ 96 INCHES)
INNER THICKNESS LI  18.5 18.5
OUTER THICKNESS L0 3é.5 36.5
CASK DROP RES._.TS 82/09/08 16 38 05
’ COKNEF DROF METHOD 2
CASK B-120 D OVERFACK cnsx 1= asa-s‘ﬂ -25
ErEsEEEEEESe PANEEZIEENEESEESESTRSETEN

ALFHA 149,20

ITERATION TIME DEFLECTION A FORCE E(AES)
TOF DOWN " L0401 15. ~76. 5704910, J7777556.

CORRECTION FACTORS

LI 1 1 1 1
6 1 1 i ) 1
i1 9 1 1 1 1

TO SEE DETAILS OF SPECIFIC ITERATIONS, ENTER
THEIK NUMBERS (4 AT A TIME):

Table 2.7.1-5
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‘ 2.7.1.3 Corner Drop (continued)

F.S. » %% = 1.59

A plot of the deformed cask is shown in Figure ¢<.7.1-5. For clarity, the
deformations are greatly exayyerated. The maximum deformation is 0.(42 inch.

(1)

Corner bLrop, Lid Bolt Forces

The loads required to hold the primary and secondary lius in place
were computed using the ANSYS stress analysis model. The forces of
the belts were computea in the axial (tensile), racial (shear) ana
hoop (shear) directions. The 1ias and bolts are designed so that
radial "compressive" forces are reacted by bearing between the
primary 1id and the cask body and between the secondary 1id and the
primary 1id. Because of this, only radial "tensile" forces are used
in computing bolt stress. Radial “compressive” foices are those
which tend to arive the bolted parts tougether 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 cocrdinate stresses by dividing by the bolt stress area
(2.77 in for 2-8 UN bolts). Principal stresses and stress
intensities were then computed based on these coordinate stresses.
The resulting stress intensities, as functicus of angular pusition ot
the bolts, are shown in Figures 2.7.1-6 and 2.7.1-7 for the primary
bolts and secondary bolts, respectively. The anyular position is
measured around the circumference of the cask with zero deyrees
corresponding to the vertical gownward airection. The highest stress
intensity was found to be 113 ksi, and the resultant safety factor,
based on yield, is

F.S. = 14y = 1.15
As a rough check on these calculations, a second calculation of lid
bolt forces was performed, as outlined below.
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‘ 2.7.1.3 Corner Drop (continueu)
Assume the cask is to Le dropped at an angle such that the casa
(G is above the impact point. Then forces on the lia (except

bolt forces; will be as shown schematically in Figure 2.7.1-8.

Symbols used are “.“ined as follows:

a = angle of cask with horizontal

Fp = total inertial force of payloac in axial direction
(distributed over 1id area)

FC = total cask inertial load in axial direction (distributed
as a ring load at the 1id circumference)

FI = impact load

F_ = total 1id inertial load (distributed over 1id volume)

For the purpose of determining 1id bolt forces, the cask inertial
torce, FC, can be conservatively neglecteu. FC tenus to reauce

‘ the bolt tensile loads, therefore neglecting it will result in higher
bolt loads than if the effects of FC are consiuered.

Due to the manner in which loads are applied to the liu, the lia will
tend to rotate about the impact point. If the Tiu were to rotate as
a riyid 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 force in the bolts will increase. Thus, one
might take bolt forces to be proportional to distance from the impaCt
point. However, there is a second effect at work here. Refer to
Figure 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 Tid and
then decreases to a minimum at the side opposite tie impact point.
Because the loads imposed on the boults are inertial, they are

‘ proportional to 1id area. If one assumes that the area of plate to
be supported by each bolt is proportional to the width of plate to be
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Impact Point

© Bolt Location, Typical

[~ Dk

Material to be Supported
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Figure 2.7.1-9 END VIEW OF LID FOR CORNER IMPACT
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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 effects, aistance from impact point and plate wiath, can be
combined by taking the load on each bolt to be proportional to
distance times width.

The expression for this proporticnality factor will now be gerived
for a 1id having n bolts, where n is an even integer.

Refer to Figure 2.7.1-10. For n boits evenly spaced, the anyle
between adjacent bolts is:

_ Zn
-
‘ Then, the angular location of bolt i is
o, = (i-1) 1< i < (n/2) + 1

Note that, due to consiuerations of symmetry, only bolts having

0 < e <= are consicered. In computing bolt forces, this will be
compensated by multiplying the appropriate terms by two in orcer to
account for the opposite Lolts.

For bolt i:

x'j= kcos(ej - n/2)
= Rsinej

y'i= ksinlej - »/2)
= -Rcosej

by = (KG - Vi 2 - X

‘ = J"B - Rcos?ej - Rsinej
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‘ 2.7.1.3 Corner Drop (continued)

To translate to & coordinate system with vrigin at the pdint of impact

X =X

Fry + 8
Then

xj = Rsinej

Yi = Ro - Rcusej

bi =‘jﬁ3 - Récosfej - Rsinej
The weighting factor for a given bolt is
ki = yi (xi+ 84
= (kg - Rcosej) JR@ - Recosej
‘ = [Ro - Reos[(i-1) 2v/n]] \]ka - k2cus2[(i-1, 2n/n]
for 1 < i < (n/2) +1

The force on bolt "i" is given by
Fi = ki Fn

where
Fn = a nominal bolt force

By force balance,

n

] Fij = Fr

i=l
where Fr = total appliea 1id force

= F_ sina + F,  (kefer to Fig. 2.7.1-8)

However

n n/2

z Fi = Fplk1 + kn/2 41 + 2 & kil

i=1 i=2

Then F
& e :

kK2 + kp/2+41 +2 © ki



2.7.1.3 Corner Lrop (continued)

The maximum bolt force will correspond to the maximum k and

This is the maximum tensile force in the 1id Lolts ana 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 1id and cask bouy, then the shearing force in each bolt,
assuming the force is evenly dividea amongst the bolts, is

Fg = Wcla)cosa

n
where
Hc = total weight of cask minus weight of 1id and one overpack
a = accelcration in g's (vertical)
a = angle of cask to horizontal (kef. to Fig. 2.7.1-8)
n = number of 1id bolts

This bolt shear force will result in a bolt shear stress which must
be considered in conjunction with the tensile stress previously
com.uted to uetermine the principal stresses anu stress intensity in
the bolt.

The following values apply to the 8-120B primary 1id bolts:

n = 32 bolts

Ro = 36.75 in.

K = 34.125 in.

a = 34°

FL = 7420 1b. x 76.1 ¢'s = 564662 1b.
Fp = 14050sina x 76.1 g's = 597892 1b.
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2.7.1.3 Corner Drop (continued)

Then the values of k are as follows:

and

So th

Then

Also,

O O ~N O U B WA e

at

Fm

k
35.80
49.79
98.62
195.63
349.80
560.10
813.82
1087.60
1350.56

16
k17 + 2
L=2

= 1753.83

i

10
11
12
13
14
15
16
17

k
1568.83
1711.01
1753.83
1667.49
1521.01
1289.3¢
1065.78
966.73

ki = 3109

F1 = 5646625in134°) + 597692

= 9,14 x 105 1b.
Fooe 9:14 x 108
p =
31209
= 29.29
ax = (29.29)(1753.83)

= 51363 1b.

= 74000 - 7320 - 3750

= 62930 1b.

2-146



2.7.1.3 Cerner Drop (continued)

and

_ (62930)(76.1)c0s34°
s 3¢

= J24070 1b.

F

2

For a 2-6 UN bolt, As = 2.77 in", therefore

o = 3139 = 16543 psi

Sshear = Ty = 44791 psi

The corresponding principal stresses are
o1 = 55 ksi
op =-36.5 ksi
o3 =0

and the stress intensity,

SI = 55 + 36.5 = 91.5 ksi

Therefore
Satety Factor =~é%95= 1.42

Using two different analytical techniques, it has been shown that
stresses in the 1id bolts will remain below yield auring the 30-foot
corner drop accident conditiuns.

2.7.1.4 Obligue Drop Figure 2.7.1-11 illustrates ti.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 is no slapdown
effect. That i3, tne impact is not more severe than a side drop.

Since the diameter of the package impact limiter is 96 inches ana the
overall package height is 126 inches, the oblique drop is not more severe than
the side drop, as shown in the oblique analysis.
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2.7.2 Puncture
The Nelms(l) puncture relation is given as:

(/)0 71

c*
"

shell thickness = 1-1/2 inches

cask weight, 1bs.

ultimate tensile strength of outer shell
70000 psi

(ad
"

where:

v T
n

"

The packaye weight causing puncture is:

. -3 St1'4

The corresponding weight to cause puncture of the 1-1,2 inch outer shell is:

W, (70000)(1.5)1+4 = 123486 1bs.

The actual package weight is 74000 1bs; therefore, the factor of safety
for puncture resistance On an eneryy basis is:

123488 _

F.S. = 33000

1.67

when the package impacts the puncture pin, the force imposed upon the
package is estimated as:

Fi =M

ks = Dynamic flow pressure of steel = 45,000 psi(Z)
Rc = Pis diameter = 6.0 inches

Ay =} (R)?=  (6.0)%= 26.27 in.2

—

(1) Shappert,

h ]

3

.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)

Fy = (45000)(28.27)
= 1.272 x 108 1Us.

This force induces a moment at the miusection of the packaye. The monent
is estimatea as:

_Fi | (1.272 x 10°)(89)
. .

6

M = 14.2 x 10" in-1b.

Using the section properties from Section 2.5.1 to calculate stresses
gives a bending stress of:

. ke (182 x 10) (36.75)
b " T " TL13ax10°
op = + 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 satety
is:

F.S, = ;92 . 1.6

To evaluate the ability of the cask to withstanc puncture from o 40-inch
ena arop 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 enu is comprised
of two 3.5-inch thick plates which must have identical deflections, the eneryy
of the arop will be aivided evenly between the two plates.

Ref. 4, p. 415 gives the following equation for the deflection of a
centrally loaded circular plate:

"0 en ("pecy
where:
¥, = deflection at center of plate, in.
h = plate thickness, in.
P = central load, 1b.
E = elastic modulus, psi
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2.7.2 Puncture (continued)

a = plate radius, in.

A = 0.272 .
B = 0.552 for simply supported plate, Ref. 4, p.416
The ceformation energy can be found from

.8

u = oJ Paw,,
4 42 4
EDzLi + 5ﬁ3]
Ba~ 2h 4n

This can be equatea to the drop energy, WH/Z, to find the central
aeflection:

(i, L, M2
A he En’ 2

23

Ref. 4, p.415, yives the following equations for the maximum menbrane anu
. membrane-plus-bending stresses:

membrane:

01 Ll E 62/62

membrane-plus-benaing:

For
h=3.51n.
E =29 x 106 psi
a =2311in.
W = 74000 1bs.
H =40 in.

0.407
s = 0.606 Ref- 4. p.4l6
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2.7.2 Puncture (continued)
Then
6 = 0.793 in.
oy 7728 psi
0, 50771 psi

The minimum factor of safety is

e %ggg% . 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, presentec in Section 3.5.3 and 3.5.4, are summarizeu
below:

(1) Maximum Containment Vessel Pressure = 19.2 psig
(2) Temperatures:

Cavity (Inner Shell) = 36(L°F
Outer Surface = 492°F
Lead Shielu = 359°F
Seal Area:
Primary Lid = 178°F
Seconaary Lid = 224°F
2.7.3.2 Differential Thermal Expansion Lifferential thermal expansioun

between the two shells of the cask ana 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

thermal loads were performed using the conditions summarized in Section
2.7-301.
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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 throughout
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 1.4y,
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 excggerated. The maximum deformation is
0.166 inch.

2.7.4 Water lmmersion

Not applicable, since no fissile materials are to be carried in the cask.

R.1.8 Surmary of Lamage

The structural inteyrity of the houel CNS-8-120b Package has been verifiea
for hypothetical accident conditions.

Damage to the package that results from the hypothetical acciaent
condition is:

(1) Impact limiters crush during the 30 foot drop conaition. Cask
stresses are less than those prescribed by NkC Regulatory Guide
7.6.

(2) Small local deformations to the external shell may result duriny
the 40 inch puncture condition. There will be no loss of
shieluing and the containment vessel will not be deforuwea.

(3) Presence of the overpacks limits temperatures in the containment
vessel walls to less than 36L°F. ana internal pressures to 19.2
psiy. Geumetry and temperature integrity of the seals are
maintained.
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psl=2

Includes 100W payload & internal pressure

Maximum stress intensities in cask regions
Table 2.7.3-1

Element] Stess Base Plates Cask Body Primary Lid Secondary Lid
Type Type
(0 allow) . -
(psi) Inner |Outer |lower |Lower | Mid Mid Upper | Upper Bolt Inner |Outer |Inner Outer
! Inner |Outer Inner| Outer |Inner > i
£ lement 59 a6 91 122 159
Shell Membr ane
Element Value
(49000) (psi) 24121 116736 |29374] 12394 |24185
STIF61
Membrane [E'ement 59 66 91 122 159
+
Bending
(70000)
value 31306 (22476 |30180( 19269 47385
fpsi)
244-
solid | Membrane [E'e™ent | 27-28 | 33-34 167-172 | 245 | 181 277 250
Element
(49000) [Yalue
(psi) 26295 | 29632 26000 10543 | 15423 | 15796 11366
STIF25
Membrane Flement | 23 25 167 236 191 270 242
’ N,
Bending "
(70000)  fvalue 22025 | 41455
(psi) 20066 12549 20939 ! 10008 20768
LOADING: Thermal Accident: ! hour after start of fire
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' 2.8 Special Form

Not applicable since no special form is claimea.
2.9 Fuel kous

Not applicable, since fuel rods will not be part of package contents.
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2.10 Appendix

2.10.1 Analytical methods

This section briefly documents the analytical methous used to demunstrate
compliance of the package with applicable provisions of 10 CFR 71 under romal
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 andlyses describecu in the first subsection. 2.10.1.3
describes the ANSYS finite element analysis employed for detailea evaluation
of package stresses under normal and accident conaitions. 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 a 100°F
anbient conaition.

2.10.1.1 COverpack Deformation 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 deformation of foam,
the potential energy of the drop event. That is, the analyses assume that
none of the drop potential eneryy is transferred to kinetic or strain enery,
of the taryet (the "unyielding surface" assumption of 10 CRF 71) nor strain
eneryy in the package boay itself.

There are three orientations of the package with respect to the impact
surface where an evaluation is made of impact forces and stresses. These
three orientations are:

e End Drop - on the circular end surface of the overpack.

e Side Drop - on the cylindrical side surface of the overpacks.

e Corner Drov - with package center of gravity directly above the center
of pressure of the fully-deformed overpack.
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2.10.1.1 Overpack Deformation Behavior (continueu)

For these three orientations, the prediction of overpack behavior can be
approached from straightforward eneryy balance principles: ;

)
E=wh+s)= 7 Fx dx Equation I
0
Where: W = Packaye weight
h = Drop height
s = Maximum overpack deformation
FA = Force imposed upun target and pachaye by the overpack at

the aeflection equal to x.

The left-hand term represents the potential energy of the drop. The right
hand term represents the strain energy of the deformed overpack.

fach of these three orientations is treatec by an individual analysis
reflecting the differing yeometric characteristics of each event. All three
employ common energy baiance techniques to assess maximum overpack
deformations, along with a common description of the crushable energy
absorbLiny foam.

This foam exhibits a stress-strain plateau of nearly constant stress up to
a total strain of 40-60 percent. Above this strain value, pronounced strain-
haruening effects commence, reflecting the collapse or consolidation ot the
foam cells. Accordingly, a tabular definition of foam stress-strain relations
is employed in each of the three analyses. This tabular gefinition is taken
directly from measured properties and accurately reflects tie strain
haruenin, behavior of the foan up to strains of 75-80 percent.

This discussion of these three analyses proceeds from the geometrically
simple (end drop) to the most complex (curner drop).

(1) End Drop
The force produced by the overpack is

2-158



. 2.10.1.1 Overpack Deformation Behavior (continuea)

F= 1A oleg) Equation II'
; .

where Ai = the area of a given region of the overpack (e.g., that
region which is beneath the cask, or, that annular
region which is outside the cask)
ole;) =  the foam crush stress at strain ¢4
e;=  the strain corresponding to area A
= x/li
x = deformation
1. = undeformed length of overpack reygiun correspunaing to
area Ai

The end arop analysis performs the calculations cescribed by
equations (1) and (I1) by making incremental changes in the

‘ deflection until the eneryy balance of equation (I) is satistieu. At
this point the results are printed in terms of deflection, force,
acceleration, and elapsed time. Elapsec time is computea based on

the following equations:

skE = 1/2 m (AV)2
where sKE = kinetic energy increment
= strain energy increment of deformation of overpack
m = total cask mass

av = velocity increment

and F at

"
3

av

where F = total force applied tu cask
at

time increment

. Total elapsed time for the impact is then the sum of at for all
deflection increments.
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2.106.1.1 Overpack Deformation behavior (continuea)

(2) Side Drop

The side drop analysis differs from the end drop solution only in the
fact that both deformation and strain vary from point, to point ana
that the total force at a given crush depth must be found by
geometric integration over these points. The details on this
geouetry are found in Figure 2.10.1-1. For each incremental

deformation value, the force is found as:

where: 1, = effective length of an overpack for region i

. Lri - (ry -

X
max K}

C(‘x): tabular definition of foau stress-strain properties

¢y * the foam strain at location x

The computation of strain for each region of the overpack (i.e.,

various “"backed" and “"unbacked" regions) is calculated as

_ Crush Depth
€x = TTriginal Thicknes$

In general, the expression for ¢ varies with the region uncer

consideration and is a function of x.

Corner Urog

The curner drop analysis is like the side drup analysis except that «
two-dimensional geometric inteyration is required to assess the
overpack crush force at each deformation. A cetailec explanation

follows.




~—r;= Overpack Inner Radius

ri= Overpack Outer Radius

r. = Package Radius

/
t ke
Element "Backed" By Cask
~—
Impact Surface i
L7 5§ = Crush Depth
& =\
Elements "Unbacked" By Cask *max

Figure 2,10.1-1 SIDE DROP GEOMETRY
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2.10.1.1 Overpack Deformation Behavior (continued)

The corner drop analysis treats the corner impact of a cylindrical
package upon an unyielding surface. The package itself-consists of a
cylindrical payload portion surrounded by a larger cylindrical volume
compused of a crushable media. The analysis was developed
specifically to address problems of large deformations of this
crushable megia and to analyze yeonetries where the cylinarical
overpack envelope pussesses axisymmetric cylindrical voids (e.g. does
not completely cover the cylindrical ends of the payluad packaye) .

The large deformation behavior of the crushable media is accommodated
by determining the actual strain of the crushalle mecia at a point.
This strain is used to determine the corresponding stress from the
tabular definition of meaia stress-strain chcracteristics. The total
crush force is found by a double integration over the contact area of
the crush plane.

Strain eneryy absorbed by the crushable media is determinea by
integrating the crush force and its associatea deformation. The
package is assumed to be at “rest" when the conjputed strain energy
value equals the applied drop energy.

The yeometric calculations for the contact surface and the associated
strains are carried vut using the (xcb. Yee? zch) coordinate

system in which the x-y plane is projectea onto the crush plane. See
Figure 2.10.1-2. The crush plane itself represents a segment of an
ellipse. The contact area is this ellipse seyment, provided nc
cylindrical enc void exists. When a cylindrical enu voiu exists, the
contact area of the crush plane is reduced by the removal of a second
elliptical region associated with the projection ot this void into
the contact plane.
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‘ Figure 2.10.1-2 CORNER DROP IMPACT GEOMETRY




2.10.1.1 Overpack Deformation behavior (continued)

Calculation of strain is somewhat more complex. In principal, the
distance from point (‘CG' yCG) in the crush plane to the'payloaa
CG is found and denoted, Z;,\p- Similarly the aistances to the
unceformed external and internal overpack surfaces are found and
denotec as Zp,y and zy,, respectively. The strain represents
deformation diviaed by original thickness or:

Zout -“1Mp

Z0uT” “IN

At any point (be' yeg)» the calculation of zp) may follow

three branches, according to location. The three branches relate to
the payload surface interceptec. They are:

e The Circular Bottom of the Payload
The bottom of the payload cylinder describes an ellipse in the

crush plane. If (‘CL' yCG) is insice this ellipse, the point
is considered “backed" by the bottom of the payload. An exception
to this general statement is noted in the aiscussion of the
"Unbacked Region" below.

e The Cylindrical Surface of the Payload
The cylindrical surface of the payload describes a rectangular
region (with elliptical ends) tangent to the payloaa bottom

ellipse at its major axes. If (xcg, ’Cb) is outsiue the
bottom ellipse, yet insige the rectangular region, the point is
considered "backed" by the payload cylinder.

e Unbacked Regions
Unbacked regions are of two forms - those associated with the
cylindrical end void and those near the external surface of the

overpack. The unbacked reyion assuciated with the end voia is a
point in the crush plane which lies within the ellipse defined by
the void circle lyiny in the plane of the payload bottom. The
unbacked region associated with points near the overpack
extremities is defined by those points (XCG"CG) 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 Leformation Dehavior (continuec]

The calculation of < -, the uistince to the outer undeformeu overpack
surface, may follow two branches. These branches correspond to intercepts

with either the cylinurical surface of the overpack or the circular end of the
overpack.

The analytics describing the geometry discusscd above consist of the
sequential application of a series of ceometric transfonmations of surfaces
descr1bed in the cooruinates of the cylindrical packagye GCb' ycg.
zcc) to the projected coordinates, (Xc(» ¥c(» 2c) in the contact
plane. The surfaces in package cvordinates are:

¢ Overpack Cylinder

o e, B8
xee * Yee = 7 Y00

e Overpack sottom Circle

2 2 1.2
*c6 * ¥ee = 7 %0
zCG = -(LCG + Ll)
e Payload Cylinder

R gt SR
xee * Yoo = 7 Pop

e Payload Bottom Lircle

%P _ 12
xeg * Yeg = 7 Pop
2e6 = Lo

e Void Circle at Payload

2 vz 1.2
6 Yo T 7%

2e6 = “bee
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2.10.1.1 Overpack Deformation Behavior (continueu)

e Void Circle ai Overpack Exterior

02* c2=
%ee ¥ Ycs

1 2
7 %p

2
6= (leg*tp)
2.10.1.2 Verification of Drop Luad Analyses The verification ot

Chem-Nuclear's drop load analyses took two fowms:

(1, Cowmparison of analytically predicted uefurmations with measured
deformation of the overpacks of the CNS 1-13CII cask (test results
are reporied in the CNS 1-13CII SAk, NkC Docket ho. 71-915¢/b), ana

(2) Comparison of the results of Chem-Nuclear's analysis with those
obtained by huclear Packaging, Inc., for their previously valigatea
and well-accepted analysis as used in licensing the CNSI 1-13CII cask.

The results of these validation comparisons are shown in the Table 2.10.1-1.

2.10.1.3 Finite Element Analysis The stress analyses of the cask for
thermal, pressure, and drop conditions were done using ANSYS finite element
models. The loads applied were taken from the impact and thermal analyses
described elsewhere in this document. The geometry cf the cask was moceled

using axisymmetric harmonic elements, so as to allow the non-axisymmetric
loading conditions which occur in the side and corner drop analyses. The
loads were applied as nodal forces, elemental pressures, nodal and elemental
tenperatures, and whole-body accelerations.

(1) Harmionic Elements

In ANSYS, hammonic elements are elements having axisymmetric geonetry
with the capability of non-axisymmetric loading. These elements
allow a less complex model than woula be requirea for a full
three-dimensional analysis while allowing realistic loading
conditions.
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L91-2

DRGP ORIENTATION

DROP TEST RESULTS

CNSI 1-13CII ANALYSIS RESULTS

CHEM-NUCLEAR ANALYSIS RESULTS

AND HEIGHT
DEFLECTION DEFLECTION ACCELERATION DEFLECTION ACCELERATION
End - 2 ft. N/A 0.69 in.| 62.2 g 0.81 in. | 67.4 g
End - 30 ft. 4 .46 in. 4.46 in.|] 95.56 g 4.37 in. | 102.8 g
Side - 2 ft. N/A 1.70 in.| 28.3 g 1.91 in. 27.5 g
Side - 30 ft. N/A 7.21 in.|137.4 g 7.5%9 in. | 102.4 g
Corner - 2 ft. N/A 5.94 in.| 14.2 g 6.16 in. 12.6 g
Corner - 30 ft. N/A 14.83 in.| 79.27 g 15.32 in. 73.9 g
Table 2.10.1-1 Comparison of Results of Chem-Nuclear Analyses

with Test Results # d Previous Analyses.



‘ 2.10.1.3 Finite Element Analysis (continued)

The loads and responses are characterizeu by Fourier seri;s
coefficients, and the value of the loading or response function is
founu by sumaing the contributions from each of the terms in the
series. Each of the terms is of the form ansin(no) or bncos(no).
where a and b, are the Fourier coefficients, n is a nonnegative
integer and e is the angular coordinate in the model. The ANSYS
Preprocessor, PREPE, may be used tu yenerate the Fourier cocfficients
for a known input function. The output function is founa from the
output coefficients for any value of e by sumiing terws:

Mmax
QUTPLT (@) = ¢ épnsin(ne) + bycosine)
n=0

Eramples of output functions are stresses anu deflections.

‘ PREP6 will conpute up to 24 coefficients. If the applied loading
function is known to be either even or odd, the sine or cusine terms
may be omitted. This allows the user to have 24 non-zero
coefficients. Because the drop analyses have planar symmetry, and
the mode] was constructed so that the plane of symmetry corresponds
to e equal to zero degrees, all loadinyg functions have even
symnetry. Axial ana radial response functions also have even
synmetry. kepsonse functions in the hoop direction have cda
symmetry. Hence only the cosine terms are used in the applied loads
and in computing the axial anu radial response functions, while only
sine terms are used for computing hoop response functions.

(2) Acceleration Forces
In the drop loading analyses, described elsewhere, a computation is
maage of the pressure (compressive stress) distribution over the
surtface of the cask. This pressure distribution is converted to a
nodal force distribution by taking effective area-times-pressure
‘ products at intervals around the circumference for each node in the
finite elemeni model. Each node of the finite eleient model then has
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2.10.1.3 Finite Elewent Analysis (continued)

(4)

(5,

a corresonding force distribution which is a function of e. Each of
these force distributions is then converted to a Fourier -series usiny
the ANSYS PKREPG Preprocessor utility to compute the Fourier
coefficients. Additionally, to counterbalance these forces, a
constant acceleration is applied to the cask. Thus, the analysis is
quasi-static, with the peak dynamic load beiny ~onservatively
modelled as a steady state load.

Pressures
pressures are applied as Toads on the surfaces of the elements around

the cask cavity.

Temperatures

For the cases of 10U°F and 130°F steady state thermal conaitions,
temperatures from the thermal analysis were applied as nodal
tenperatures. For the fire accident condition, temperatures of soliu
elenents (STIF25) were appliea as nodal temperatures ana for the
shell elements (STIFul) as element surface tenperatures. Treating
the shell elements in tiiis manner created an analysis in which
temperatures variec linearly across the thickness of the elements,
but were constant along the length of each element. Thus, for shell
elements, radial tenperature gracients were accountea for by model
discretization and by the formulation of the solution in each
¢lement, while axial gradients were accounted for by moae]

discretization.

Constraints

Nodes along the centerline are constrainea from moving in the racial
direction because the model geometry s axisynmetric. hdditionally,
although all applied forces are theoretically in balance, one node
was constrained from moving in the axial direction. This maintained
static equilibrium in the face of roundotf and other small numerical
tolerances experienced in any numerical analysis. The value of the
reaction force at this ode was checked for each analysis to ensure
that it was negligibl: small.
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z.10.1.5 Finite Element Analysis (continued)

(6) Lead Interfaces
For an accurate analysis, it is necessary to mouel leaa slunp
behavior durinyg the ena 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 frou the
shells, but was constrained radially so that the lcad would bear
against the steel shells. Aaditionally, 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 Loaas
because the geometry used to moue)] the cask was axisywnetric, the
bolts could not be explicitly modelled. However, line loads at the
bolt circle radii were computed. baseu on these line loads ana the
bolt spacing, the maximum bolt load for each load case was computed
by multiplying the peak line load !y the circumferential bolt
spacing. This is conservative because the peak load occurs only at a
single point on the bolt circle and may be sharea between two bolts,
whereas the analysis assumes that the peak load occurs over an arc
equal in length to the spacing between bolts and centerea on a sinyle
bolt.

2.16.1.4 0Oblique Impact This section presents an aualysis
demonstrating that oblique impacts are not worst-case conditions for casks
haviny 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 impact
limiter or cask during primary impact (first contact of the lower end of the
cask with the unyielding surface). This assumption results in the worst case
(greatest) impact velocity of the higher end of the cask.
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—— (41 - rtana) cosa

Figure 2.10.1-3 CASK ORIENTED FOR OBLIQUE DROP
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. 2.10.1.4 Gplique Impact (continued)

The angular momentum before and after impact can be estinated'baseu on the
following assumptions:

e The impact point dves not slide along the horizontal impact
surface.

e The rotational inertia of the cask can be approximated assuwing a
uniforu density solic cylinder; i.e.: Igg -} bo(re + %lz;.

o The yravitational acceleration of the cask is neglected after the
initial impact.

Then, before impact,

L = hvp %l-r tana) cosaq

anu, after impact,
Ly = liep

Where

L = angular momentum before impact

M = mass of cask

vp = impact velocity

Ii = rotational inertie ot cask abuut impact point
- ICG + hkz

12+ K8

h(l ré + 1
- 12

wy = anyular velocity of cask following impact

Since no moments are applied to the cask, angular momentum is conserved,

and Ll - LZ

2

Z 2
‘ "'V1(%‘1-rtana)cosa=h(%r+1-21-1+R)u2
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2.10.1.4 Oblique Impact (continued)

Sclving for angular velocity:

1
0 = v (27T - rtana) cosa
} rl 4 1%12 + R

In general, maximum argular velocity occurs when the impact angle equals
zero.

The velocity of the secondary impact is yiven by

Vs s ]“2
Then

1
2 it (7)1 - rtana) cosa

v
i

% ré + r%]z + R¢

The limiting case can be taken as that for which the secondary impact
velocity equals the initial impact velocity for the worst case angular
velocity. Then,

v = i ata=0

s
112
and 13 ?1 7 = 1
Y tnt*h
or
2
1
=2 s 7.5
g
implying that
1 .
x Y37
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2.10.1.4 (Llique Impact (continued)

Thus, for lenyth-to-diameter ratios greater than 1.37, slayoo&n impacts
may be more severe than a nomal side drop. ..nce this analysis iéry
conservatively neglects any eneryy 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 NS
8-120B package has a lenyth-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 Thermal Analysis A thermal analysis of thu cask was mage
using 100°F ambient temperature. The results of this analysis are combinea
with normal and accident conditions in accordance with NKC kegulatory Guide
7.8. The methods and assumptions of this analysis are fully aescribed in
Secion 3.0. This appendix presents a summary of pertinent results of that
analysis.

Cask Tenperatures, °F

Inner Lead Primary Secondary Outside

Cavity Shiela U=Riny U-Kking Surface
Max. 151 136 138 141 151
Min. 132 132 138 141 132

Loads: 100°F Ambient
100w Payloaa

Insolation of 120 btu/hr-ft2

The resultant maximum internal pressure is 3.7 psig.
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2.10.2 STARLYME Learners Guide, Users Guioe, Analysis System Summary
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STARDYN€:>LEARNERS GUIDE

STARDYNE (Vversion 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 STARDYNE system the following documents are available:

(1) STARDYNE USER'S MANUAL (Reguired)
(¢; 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.

o STARDYNE Project Office*
System Develonment Corporation
2500 Colorado Avenue
Santa Monica, California 90406, U.S.A.

Telephone: (213) 820-41M
TWX: 0 343 6443

TLX: 65-2358 2

*STARDYNE Project Office Personnel
Direct Telephone

Richard Rosen - Project Manager (213) 453-5142
Richard Ragle - Associate Project Manager (213) 453-5138
Raymond Curtis - Associate Project Manager (213) 453-5168
Charles Bell - Engineering Verification (213) 453-5167
Raymond Favignano - Computer Systems (213) 453-5175
Sam Soule - Sales, Marketing, Consulting (213) 453-5137

A1l questions relating to the STARDYNE Learners Guide should be addressed
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
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This document will present to the novice STARDYNE user a series
of usage examples. P}ior 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

order. This is to allow for future revisions and new pages.

TABLE OF CONTENTS

INTRODUCTION . ccsovisstssansrnssassansssassssinonss PP 2
DATA GENERATION .....ccvsescessnsnansrnnannnnonnenes RICTIRUWA
LIMITATION OF NODE AND ELEMENT NUMBERS ....cvvvvens Lim e N
DESCRIPTION OF STAR PROGRAM ......cocevvcormnnnrnennes PP 5

DESCRIPTION OF STARDYNE PROBLEMS PRESENTED IN THIS MANUAL .. 6
LEARNERS GUIDE TAPE CONFIGURATION ....covvevnvnnrcnnnnnnanes 15

LEARNERS GUIDE PROBLEMS .......covvenvovrsnnsnsnannnansonnns 1-10
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INTRODUCTION

The STARDYM . 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
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

for the various concepts.
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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-TO is used to generate a sequence of element
rumbers, with a ‘built-in increment of 1. For example,
four beams are defined when

FROM = 5

T0 = 8

Wwhen the input value of TO is blank, only 1 element is
produced.

(b) The FROM-TO-INC is used to generate a sequence of nodes
with a constant gap. The six node numbers 71, 77, 83,
89, 35, 101 are input when

FROM = 71
T0 = 10
INC = 6

When TO is blank, the generation feature is turned off for the current
card. Cards which generate a series of nodes or elements may be
interspersed with single node/element cards.
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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 couid be
given the numbers

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.
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DESCRIPTION OF THE STAR PROGRAM

STAR Program — Almost all of the applications of the STARDYNE system
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 amalysis..

(c) Mode shape and natural frequency determination (Dynamic Analysis).

The foilowing files are written by STAR anc are used for data transfer
to other programs of the system, See Section R in the User's Manual.

(a) TAPE2 -~ 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) TAPE4 File 1 — the processed geometry data,

(c) TAPE4 File 2 — the results of either a static analysis, or a
mode shape analysis,

STAR writes TAPE2 and TAPE4 File 1 automatically (provided no input
errors cause the program to abort the job). The second fiie of TAPE4
has the deflections, or mode shapes, automatically written; other
output quantities are written only when requested by the user - see the
TAPEAG card, page B7-30. Several other files are output by STAR;
please refer to page A-69 and page R-0,

A short description of the other programs in the STARDYNE system may be
found 1n the STARDYNE User's Manual, pages A-52 through A-69,
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‘ STARDYNE (Version 3) is & user oriented Structural Analysis System with
many features. Included are automatic node and element generation to simplify
input. Strong dynamic capabilities: transient, steady state, randorm and shock.
Extensive static capability is complemented by nonlinear foundation anelysis
and gap anl tension or compression-only analysis. STARDYNE bas excellent docu- -
mentation, proven reliability, many user options and good plotting cepsbilities.

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.

System Develcopment Corporation
2500 Colorado Avenue

Santa Monica, California 90L06, U.S.A. e
Telephone: (213) 829-7511 (¥

TWX: 910 3.3 6LL3 L

TLX: 65-2358 "\\\

*STARDYNE Project Office Personnel O ‘7'56
\

Richard Rosen - Project Manager f;) ¢
Richard Ragle - Associate Project Manager “~ -
Raymond Curtis - Associate Project Manager

Charles Bell - Engineering Verificatlon

Raymond Favignano - Computer Systems

San Soule - Sales, Marketing, Consulting

‘ e STARDYNE Project Office® VS T

Please see the section starting with page A - 52 for the list of personnel whe
are responsidble for the individual ETARDYNE program.

This manual should not be used with STARDYNE versions which were released

: prior to this date:
' SEPTEMBER ‘1 s 1979
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BTARDYNE MANUAL USAGE

Throughout this manual, outlined u'ctiom, such as thie, are
inserted tc aid the user. They either contaip {mportant notes or refer
the reader to appropriate secticns of the manual.

The pages in this manual, althcugh in ascending order, are
a8 3

rct necessarily in consecutive numerical order (i.e., A-Z0, A-22, A-20).
T™is i{s to allow fcr future revisions and nev pages.

All first-time STARDYNE users, read all of Section A, Sections E, Bl.
3 and JCL to get an overview of the STARDYNE system. The next step is to
Jorm the firite element representation of the structure. Turn to pege

B-12C for instructions concerning coding of your structural model.

e tm—

‘ ~he STAPDYNE User's Manusl (Section A through Secticn P) Is owned and
copyrighted by System Develcpment Z:crporation and may not be modified Irn

ary farm, bty pudblishers, without first obtaining vritten permissicn rom

<ne edizcr.

Rk’ et

“he basic thecretical reference for the ITATLTLI systen
ig the 'STARIYIZ Theoreticel Manual', published by
Semtro. Sata Corporatizm. Publication number 3€€16320.

(@ STASIYUT SYSTE! ..1968 By Mechanics Pesearch Ime. (MRI)

@ STAPDYNE-2 SYSTEM..1971 By Mechanics Fesearch Inc. (MPI)

-

@ STARDYNI-3 S7STDI..19T4 By Mechanics Resewrch Inc. (IRI) whish is
rcv an integcral part 57 System Jeveliprent

Corp. (83C)

S:‘A.‘-\:‘;’!Yg SYETD!..107” By System Deveicpment lerp. (EIT)

‘ [The terms STASDTUE, MEI/ETAPIVIE and £2C 'STARITIE
are used intercrangesdly. Scvever, STARIYIT Is
the preferrei usage].
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DYNREE PROGRAM (Direct Integration Transient

PPST PROGRAM (Combines Load Cases). . . . . . . . .

DECRDN/DEPUN SUBROUTINES (Data Entry). . . . . .

CONSTAR PROGRAM (Contour Plots). . . . . ..
NUBZP PROGRAM (Nonlinear Connections) . . T
PINITE ELEMENT DESCRIPTIONS . « « « + « -
SPRING PROGRAM (Nonlinear Springs) . . . .

PLOT3ID (Structural PESEB Y ¢ « o ¥ 3 & 0 5 & ¥ B

WAVEL PROGRAM (Wave Loading on Beams) . . . .
OUTPUT FILE (TAPE) DESCRIPTIONS. . . . . . .
STANDARD STARDYNE PLOT FILE . . . .

JOB CONTROL CARDS . & « o+ « o = & o & = = = ¢
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The STARDYNE Apalysis System Consists of a series of compatible
digital computer programs designed to analyze linear elastic structural
models. The system encompasses the full range of static and Qvnmi.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: '

B The static capability includes the computation of structural
deformations and member loads and stresses caused by an
arbitrary set of thermal, nodal applied loads and/or prescribed
displacements.

B Utilizing either the direct integration or the normal mode tech-
piques, 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
(displacements, velocities, or accelerations), and/or internal
mezber loads/stresses.

The data input and output formats (both numerical and graphical) have
been prepared wiih 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 programmed mathematical operations in the matrix decomposition, the
eigenvalue-eigenvector extraction, and the error analysis, contain state-
of-the-art innovations in the field of numerical uml;'sis. 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 ELEMENT, NORMAL MODE ANALYSIS METHOD

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 behavior
of this finite element structural model will closely approximate the

behavioral characteristics of the real structure.
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STARDYNE ANALYSIS SYBTEM - SUMMARY - CONIINUED

Components of the Structural Model. The physical structure to te
modeled must be described in a right-hand cartesian coordinate (glebal)
system and is comprised of the "nodes" and "finite elements”.

Nodes. The characteristics of the node point include position in space,
movement in space (3 translation x,y,z and 3 rotation Gx,ﬂy,ez).ndcomne::ivity
to other nodes via the finite elements. Masses and external forces may be

assigned to each node.

Finite Elements. The node points may be interconnected with finite
elements in such a way as %0 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 througl the element. The stiffness
properties of each of these finite elements are defined in the

"STARDYNE Thecretical Manual" .

General Solution Procedure. The general solution procedure consists
of stiffness matrix formulation, static analysis, eigenvalue/eigenvector
determination, and dynamic response analysis.

Stiffness Matrix Formulation. The stiffness matrices of the

{ndividual finite elements are first computed and then transformed (if
required) from its local coordinate formulation to a form 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 stiffmess matrix [K].

Static Analysis. During & static analysis, the equation

(x] - s} ={F

where [K] = the stiffness matrix
il‘ = +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.
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STARLNE ANALYS1S SYSTEM - SUMMARY - CUNTINIED

Eigen-mlue/Tigenvector fnelysis. The rigenvalues (natural frequencies
274 1gen q

and «igenvectors (normad modes) of & structurel zysten are determined by

sulving tie equatioun
2 -
fr] fat - ) o} = ¢

whcre tn] = the moecs ratr'x (sssuwed to be disgonal, ie, no mass coupling)
= the naturzal :requencies

w
:qi = the normal modes.

Dynamic Pesponse Analyses. Using the uatural ‘r:ouenciec and normal

modes together with the related rasc and stifflece charu teristics cf the
structure, appropriate equations of potion may Le c¢vuivzied to determine

structurc responsce to d;mamic 1-udiny.

PROCRAMS COMPRISING S.ARDYWE ANALYS)S SYSTEM

1. STAR (Project Engineer: Raymwond Turtis)
The STAR program has two distinct functions. They are static load

analysis and efgenvalue/eigenvectcr ex‘raction. The static analysis

and modal extra-tion phases are based or the "Stiffness Method" or
"Uisplacem=nt Methol" aid ‘he answer: are in the realm of "S

Displacement Theory".

A. Available Finite M deling Flements
1. Beam and Fipe elerents with shear stii:ness in 5-D space.
2. Two Triangular Flate zierents (Thick plat~ and thin plate)
a. FPlate Bending
Y%. Sandwich (Thick plate only)
¢. Inplane (constant strain)
d. Shear Only (Thick plate only)
3. Quadrilateral Flate Element (Iso-parametric in-plane)
L, Infinitely kigid Memblers

5. Springs, non-standard elements or substructures may bdbe

entered in numerical form, by direct alterations to the
stiffness matrix.

6. Hexaliedron (Cube) €olid Flement (Iso-parmsetric)

7. Wedge Solid Element (Iso-parametric)

8. Tetrahedron Solid Elrment (constant strain)
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STARDYNT ANALYSIS BYSTIM SUMMARY - CONTINUED SEE/TO

STAR - COFNTINUVED
B. Static Structural Analysis
) Applied Nodal Loadings

2 Automated Thermal Aralysis

3. Solutions of Free-Free Systems

L., " Automated processing of psuedo-static load or displacement
vectors as obtained from the dynamic response solut’ons

" Element Loadings

Inertia Loadings

. Combined Cases

. Specified Displacements

O @® 94 oW

.  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 veight vector).

3. LANCZ0S Modal Extraction Method (uses full system weight vector,
no nodal limitations - this is a highly recommended method).

D. Qutput Section

STAR output processor phase computes element displacenments, ~oads
en3 stress; and nodal equilidrium check. Options are availadle to
present the output in report form.
DYNRE1 (Project Engineer: Richard Ragle)
Transient response to impecsed dyramic loadings are treated in DYNRE1l
using the modal superposition technique. Input forcing functions may
be in the form of forces, initial displscements; initial velocities
arnd base accelerations. Output consists of nodal displacements, velc-
cities, accelerations, element loads and stresses.
DYRRE2? (Project Engineer: Richard Ragle)
Steady state freguency response to steady state sinusoidal dynamic
loadings are computed by DYNRE2. Input forcing functions mey be in the
form cf distributed forces, base excitations (displacements, velocities
or accelerations) and unit sinuscidal excitaticns (displacezents, velo-

-~
.

cities, accelerations or forces) at specific nodes. Output cornsists

" b ‘rerceS-

nodal responses and element licsis an3

mn

relative"” ani "stszliute
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BTARDYNE ARALYSIS BYSTEM SUMMARY - CONTINUED ST/ Te

DYNRE3 (Project Engineer: Richard Ragle)

Response of multi-degree-of-freedom linear slastic structural models
subjected to stationary random dynamic loading. DYNRES 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 spectrun
and type of spatial correlation.

DYNRE: (Project Engineer: Richard Ragle)

Response of pulti-degree-of-freedom, linear elastic models subjected to
an arbitrarily oriented foundation shock input. The user may enter
artitrary shock spectra. shock spectra computed via DYNRE®, or call for
sore ratio of the 1940 El Centro (California) earthquake SPECTRA for
any of the directions of motion. DYNREL will compute user specified
combinations of ABSOLUTE and/or RSS and/cr NRL sum and various NRC sum-
summation techniques for nodal ard/or elewent stress res orses.

DUNRZS (Project Engineer: Richard Ragle)

Computes shock spectrum values from a transient base acceleration time
history digitized at equal or unecual time intervals. The user may
specify frequencies at wnizh shock spectrum values fcr displacement,
velocity and acceleration will be computed, in turn for eacn value of
dariping entered.

DYNRES (Project Bngineer: Raymond Curtis)

Camputes the resporse of multi-degree-of-freedon structures subjected
to transient dynanic loadings, using the d;rcct integration technigue.
The model may also contain nonlinear onesdimensional springs.

PIPTID (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 solution.

OPNSTAR (Project Engineer: Raymond Curtis)

This prograz may be used to produce contour plots of stresses and dis-
placements on surfaces composed of trianguler and Quadrilateral elezerts.
In addition, the nurerical response values may be printed directly on
the plot.
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STARDYNE ANALYSIS SYSTEM SUMMARY - CONTINUED SEP/T9

WAVEL (Prcject Engineer: Charles Bell)

This procraz zay be used to compute hydrodymamic forces on the tubular
and,/or cirzular beem menbers contained in the submerged portion of 8
STAR model. The fluid forces can result from both wave motion nnh &
steady current. The wave motion is defined by Stoke's “th Order Thecry.
SPRING (Project Engineer: Charles Bell)

This program may be used tc deternine the loads and deformations in a
linear elastic structure supported by a nonlinear foundation, and
subjected to gereral static loading.

KUBZP (Project Engireer: Richard Ragle)

This progran may be used to consider bottom out, tension only, com-
pression only menbers, etc., for the STAR STATICS protlem.

NEDEXC

This program may be used to change node numbers of STAR substructure
boundary data to match the boundary node nucbers of the recipient zath
rodel. NEDEXC may be used on either the FORWARD or BACYWARD SUBETRUCTURE
PASS .

PPST (Project Engineer: Charles Bell)

This prograr nmay be used to combine the forces, stresses. and displace-
nents fror two (or nmore) previously computed loed cases which are contained
in the STAR TAPEL format. Iz addition, POST will compute prizcipal
stresses, perform stress level searches and present the results either by
nyde and element or *y loed case.

FACTER

This prograz may be used to create nev fcrce and/or displacenment vectors

using combinations of these vectors entered in the STAR TAPEL and/or

CYWBE TAPESR data file formats. “

USER INFORMATION MANJAL (Originator/Editor: Richard Ragle)

If errors or amtiguities are found in this manual, please

nctify the Editcor at once.
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DATA CARD FORMATS
Every data card defines paraveters which are regiired by the program. Euf":

STARDYNE SYSTEM NOTES

- B0

of these parameters must be input according to & specific format. The dsta
card forzets shown in this manual are of the following types:

v

) "I" FORMAT, INTEGER (

nm mm.) O'CII"I‘?’jIh, QtC-

The value is to be

input without & dec.mal point ari packed to the right of the specified
field. (Negative signs associated with INTEGER VARIAEBLES must al.so te
righ -justified in the data field).

| "F" FORMAT, REAL (FLOATING POINT)...FE .0,F20.7,6F%.0, etc.

requires that the data be input with a decimal point;
formatted nunber may

appear anywhere in the fiell indicated.

be used in lieu of the "F" format.

A |'E"

; the

This format

nurber cen

For exazple, the number "thirty

sillion' could be ertered in ary of the following “F" or "E" forzmats:

20000000, , 2U.E+06 ,

30.B+6 ,

20.B6 ,

30.#6, 5 -‘-." ’ etc.

exponent must be right-justified in the data fie.d.

¢! "A" FORMAT (ALPHANUMERIC)...A7,7A10, e%c.

LR LI —
::& s :SZ:I"

™is forzat indicates thet

certain alphabetic characters or title jr.foreation must be entered In

the appropriate fields.

d)

"X PFORMAT. ..1X,LX, etc.

be entered in these fields).

™is format indicates blenks (nc data may

Tre follcwinz data card example demonsirates proper use of rormats.
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STARDYNE SYSTEM NOTES - CONTINUED A - 90
JAN/T9

‘ 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

i{n the 'card image' printout and ignored elsewhere. These formats are:

(1) DESCRIPTION CARD - This card is useful to identify specific sections

of large input data decks.

5 72
/DESC DESCRIPTION 1D
(AS) (6A10,A7)

Punch /DESC in columns 1-5 of each card.

e sy i e . RS S #
‘ (2) *DECK card. In some instances it i{s desirable to use the CDC

UPDATE utility program to maintain and alter large data decks.
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[?’.F UeT WITY TECSE OFERATING SYSTEMS WHICH PLOUIFE A ez>2/79
TICWLEDCE OF OCTAL-DECIMAL T;IT.‘E?-EI?T:]
OCTAL DECI AL DECIMAL OCTAL DECI!M™L ' OCTAL
10 8 10 12 Y LOVIVE B (YT
20 16 20 24 900000| 3335640
30 24 30 36 1000000| 3641100
40 32 40 50 2002000 7502200
50 49 50 62 3000000{13343300
60 48 60 74 4000000|17204400
70 56 70 106 5000000 23045500
100 64 80 120 6002000 26706600
200 128 90 132 7000000 32547700
300 192 100 144 8000000] 36411000
400 256 200 310 ©000000[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 appiTIoN |
6000 3072 2000 3720
7000 3584 3000 5670 1234567
10000 4096 4000| 7640 123k s b D N0
20000 8192 5000| 11610 2|3 8 12 Egﬁ 1001
30000 12288 6000| 13560 345l fF ANI02
40000 16384 7000| 15530 41561 No2 U3
50000 | 20480 8000| 17500 sle 7 hchma s
60000 24576 9000| 21450 617 111121314115
70000 28672 10000| 23420 7 (1011120 204116
100000 32768 20000( 47040
200000 65536 30000| 72460
300000 98304 40000| 116100 )
400000 131072 50000| 141520 R
500000 163840 60000| 165140
600000 196608 70000| 210560 MULTIPLICATION
700000 229376 80000| 234200
1000000 262144 90000| 257620 1234567
2000000 524288 100000| 303240 11kl
3000000 786432 200000| 6063500 2[2 la k nohobhzhe
4000000 | 1048576 3000001111740 3[2 15 hahah-bbs
5000000 | 1310720 4000001415200 4ls 12 :hrbalanlag
6000000 | 1572864 5000001720440 s{g 12017k 3
7000000 1835008 600000(2223700 6le eroachhdk |52
10000500 | 2027152 700000[2627140 717 nebsash ekl
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STAR PROGRAM

B-10
SEP/79

The STAR program has two distinct f\mctions; static loed analysis

and modal extraction.

1. Static Load Analysis

Once the structural model has been defined, the response tC 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 couprising the system.

The solution may be obtairned

by & single model, or by sub-structuring techniques. It may be noted

that & static loed analysis may be performed on a free-free (unresrained)

structure provided the applied load case is self-eguilibrating (see

Section B2).

- Modal Analysis

For any stiffriess matrix and associated mass matrix, the program will

extract the eigenvalues and eigenveciors in any desired frequency range.

In sddition, the program will compute the generalized weights, partici-

pation factors and internal forces, stresses on the elements associated

with each eigenvector (see Sections EX, BL and B5).

STAR PROGRAM FLOW DIAGRAM

e Structural
Model Date

e Loeds Date

1»30s3

STAR PROGRAM

o Static Analysis
e Modal Extraction
e Element Loads/Stresses

TAPEZ (Restart File)

(Coded File)

e Structural Model Dats
and nodal renuntering
results

TAPE

TAPE

TAFEZE

Birary Files for Large
Problemn Restart

TAPEL
(Z Coded Files)
e File 1 Geometry

Stresses

e File 2 Displacenments
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STAR DIMENSIONAL CAPABILITY B-170

JAN/BO

The following maximums are allcwable in STAR: p—
[Any changes in these values will be printed SINCIURE TY?E
in the STAR bulletin.] ’

6 DOF/NOLE ‘3 DOF/NODE

(TRANSLATION ONLY)

Number of Nodes and Maximum Node Number (Static) 4000*...... i AT 4000*
Number of Nodes and Maximum Node Number (HOR)... 2500%, .. ..........2500¢%
Dynamic DOF for HOR Modal Extraction (Pg. B3-10). L30............. L30
Number of Nodes and Maximum Node Number:
. LANCZ20S Modal Extraction (B5-5).....k000* . ..., ¢ooenes WOOOR
. Inverse Iteration Extraction (B4-5).1300*...... s s i s TIOP
Number of Beams (Rigid, Pinned, Elastic)+PIPES...no limit.......... no limit
Number of Tri-Plates...cccceveoccnns S0 R 3 8 B 0 It cioves «eo.n0o limit
Number 0f Quad-PlateB..cossrsonsisansnsusonansses 8o 1imit. ... essssnO limit
Nuzber of Cubes + Wedges...... oS B A P T G SUPRPRPRPIRPPPRS . T £ ¢ § -
Number of TetrahedronS....ceeeeneee N S N, 7 £ L no limit
Number of Elements into One Node......covevevinnnnn B It va0n «ssf0 limit
Number of Rigid Sys*ems.....cccocevvccoscrensccce o limit.....orsccniONE
Number of Nodes per Rigid System ..... T vseoNO 1iMit. . 0ss000onONE
Number of Rigid Bar Elements......... CHBEEOS AN no Mmit.. .. .00 . .none
Number of Static Load Cases...... R sss v B wanes basnisvre A0
Number of Entries to Material Property Tab]e ..... B svsrnsensnn v £90
Number of Entries to Beam Property Table......... 9 siississasess IO

Number of Nodes with Individual Reference
Systems.......no limit..........n0 limit

Number of Individual Reference Systems........... . P ssesvas 9O
Matrix Bandwidth - Nodal.....cocvvvvrcnnnnns vasneBiO JEMER oo s i0iss 0 JEWEL
- d.o.f. (after renumbering;
see page B-105)......  § [ ) e siernineyiiog
Substructure Matrix Reduction, maximum d.o.f....20000 . . ... .. ...32000
e Maximum size of dependent system......cceess 19999, ,..... el 2999

e Number of Boundary d.o.f. if dependent
system size is greater than zero............ 13005040 PRIy L i

*VITAL NOTE!!: The maximum node number limits shown above are usually
sbtainable 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
pust examine the STAPDYNE EULLETIN for the words of core regquired for the
model and for instructions concerning the use of the CM parameter. (fee

.

page A-100 for a chart of OCTAL-DECIMAL ccnversions).
The NYNamic REsponse (DYNRE) programs have the following node number limits:

DYNRE1l = NO LIMIT
DYNRE2 = KO LDMIT
DYNRE3 = NO LIMIT
DYNRE4 = NO LIMIT
DYNRE5S = NO LIMIT
DYNRE6 = NO LIMIT
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STAR INPUT NOTES

{rst-time STAR users should scen these 'INPUI NOTES'. If you are an
experienced user, please turn to page E1 - O.

A. RECOMMENDED GECMETRY MODELING PROCEDURE

It is strongly advised that a small representation of the structurel
model be coled and solved prior to coding the ectual model. This
would resclve possible option and procedure problems in a more
cost-effective manner.

The following order of operation is recommendei for modeling and
solving any structure in STAR.

1.

Make nodal diagram of idealized structure (inspect limits, B-70).
Assign numbers to the node points, beans, plates and cubes.

Compute section properties, cocrdinates, elenent identifications,
restraints, weights ard, or Static Loeads.

Code on data sheets.

Run STAR. The user may run STAR entirely in one run; however. on
larger problemws, it is advised to terminate the run after the geometry
phase in order to check the running time estimates for the

analysis types and to inspect the node/elerent tatle.

Read B2-20 for STATIC or pages B2-10 and/or B--10 anc/cr BE5-10 for Modal
Extraction. Read the JCL APPENDIX fcr Job Control Card Information.

The program performs the following operations durirz the geometry phase:
a) Checks whether data parameters exceed STAR capebility.

b) Checks for and flags duplicate and bedly shaped elerments.

c) Caecks for data inconsistencies.

d) Element interconrectivity and prcperty surration tatles are
printed which should be scanned to detect inadvertent orissions.

e) Repeat feeture is activated for repetitious dnta.

f) The nodes are recrdered internally to produce & minizur vardwidth.
This does not affect the input deta or tbe output data.

g) Six scaled plots cf the structural configuration as coded may
he renevated,

h) The geometry input date deck is written onto TAPL2 fcr possible
future use in T“TAR. In additicn, TAFE-, file 1, the refcraulated
gecmetry data, :s written for use by the dynamic response and post
Frocessor programs.
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B. MATR1Y REDUCTION AID NODE ORDEPING CONSIDERATIONS

in perfornirg a Cholesry decomposition on the stiffness matrix,
STAFDY.'L uses a proprietary algoritno wnich coztines the pest
features ¢l the wave front zet~oi operatirg in a bandwidtn storac:
patterr. Thie techrnigue has teer fully ortimized to providc arn

extremely cost effective solution. To further significantly
reduce the problem cost STAR performs an sutomatic (invisidle tc
the user) renucbering of the node nuxbers to minimize the matrix
bandwidth. ‘

inal -C=
Reriurbered
Bandwidth

A Y
’ 4
atrix } \

fize )
1 -0
\
GLCSAL STIFFNESS MATRIX [k]
WEAT IS BANDWIDTH?

The stiffness matrix rodel tandwidth is deterzined by the numerical
difference tetweer. node nutters which define a particular structural
ele~ert. If a node is '"fully restrained" it need not be considered
because restrained degrees of freeder (dof) do not appear in the Globdal
Stiffness Matrix. Similarly, undefined nodes and dependent nodes of
"Rigid Systems" do not contribute to the dandwidth.

Berdwidth exa~rle: A bar ele-ert codei between nodes L° and 4,
reither node being fully restrained, will cause a nodal band cof
(cw=u%) + 1 = 20. The sutoratic nodal renumbering seeks to exchange
(or trade) node numbers internally until the minimum bandwidth is
achieved.

e PLEASE NOTE:... .

Wher a structural model contains extreme stiffness mis-matches (i.e.,
very flexible structure attached to very stiff structure) ill-con-
ditioning problems could arise during [K] matrix decompositior. On
models of this type ill-conditioning may be minimized if the user
assigns the lowest node nuxbers to the relatively most flexible
section of the structure. Other types of structures can alsc benefit
frou proper selection of node numbers. For exaxzple, for a cantilever
beax, free tip =ncde 1; for a tall dbuilding, top =node 1.

See special re-nucbering card, page Bl - Tk, 4f 4t 48 desired
to revise the node ordering of 'problexz’' models which may have
beer coded the 'wrong' way (use NSTAGF = I 3option).
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STAR INPUT NOTES - CONTINUED ses g
o ELVENT IHUT DRIA OPCEPSNG CIONEXITERATIONS » SiPORTL T 1Y
“"oie and elerent numbers may have small gaps in the list cf nurbers defined

ané any number from one through the maximumr may be used. The data is prc-

cessed very inefficiently hcwever, when very large "gaps” are le’™ in nocde
ar.3 elezent nupbers. Wwithin any node or element invut tetb_e, the ZJatz mev

D -
=

te ertered in any order.

151

EEADER CARD IDENTIFICATION AND REFEAT FEATUFES

All of the 'data tables' in STAR require one or more header wcris ('N@TE',
*NEDEG', 'CONC', 'CONCG', etc.) which serve to identify card formats w;tk.n
the table. A header word must start in the first column cf the lirst card
of the table. If desired, a header name may be entered on »very card. If,
however, a header field is blank on a subsequent card (heeder wcrd not
the card format for the most recent previous header type ccded will be assuzed
#5r that card. The weight (WGHT) input table, Page B1-93, is an excerticn to
the above.

JPIZONAL INPUT FROW TAPE1Y AND/CR TAPE2Z

The mejor part of the STAR Georetry and Static input sections are
ertered in the 'data table' format. 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 ED pwiched beginning in c>lumn 1.
Tr.e 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 o the inp input
deck at the po1n* where the desired information is to be entered.

DC NOT PUT THE 'EXD' CARD ON THE DISC FILE.

L € 12 T2
NAME | HEAD |FILE Ng 1D
(A=)  (A%) (1Is)
NAME = First four letters cof tacle nace.

HEAD = Purch the letters HEAD in cclumns 5-£.

FILE N@ = An integer disc file nuzber frox which ailitioral card irmages
will be read for this table. Reading will continue on this
file until an END-CF-FILE cark is encourtered. The next card
read will be from the input file (User's date input cerd deck .
The only two disc file numbers which are permitted are TAFET«
and TAPEZ3. FILE N¢ can, therefcre, be assigned values

of 1L or 23 orly.

entered ),

Continued on the next page....
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E. OPTI

STAR INPUT NOTES - CONTINUED e

ONAL INPUT FROM TAPE1L AND TAPE23 - Continued

The user must ensure that the 'data table' information has been trans-
mitted in 'coded’ format to the proper file. Several tables may de on
ihis disc file, so lonz as they are separated by END-OF-FILE marks. The
information zust be positiored in the proper sequence to be read when
the Jdesired NAME-HTAD card is encountered The table information may be
piaced on the file via Jot Cantrol Cards, pricr tc entry int- +he

STAR program. NOTE: If BPRZP tables are entered via NAMZ-HEAD, they
2ust be entered irrediately prior to the EE.Y table.

SA'E-HEAD cards in the geonetry deck will be writter orntc the ‘cari izage'
file, TAFZz. 1If TAT:Z is used fcr a re-start run, the disc files asssc-
clated with the NAVE-HEAD cards must be re-ertered.
EYAMFLES CF DATA ENTRY CN AUXIZIARY FILES TAFE1S AND TAPEZ?,
1 12 TE
jfﬁ;::EEAD o | ]
Matrix alteration ds%a is on SAFES? )
=5 |
IDTsZ=sas 14 ]
hcdal displacenent specification dats is on TAPEl« 4
(ED |
COLCHEAY 2t |

ma

ctncertrated losds dets s or TAFEZ?)

ey 7‘

A TAEZS 'FACTEE' ZARD ICPTICHAL -~ The followirz card nay e insertei
-r. a 'data tatle' to ceuse subsezuert cards in that tsrle to be factorei
¢y a scalar multiplier. Crly the approprieste values are zul+iplied by
this factor. This card :is converient to convert data entere: ir. ore set
of units to other urits, etc.

n
-
)

n

- : e =

>

A A=) “7 10:0)
DAZ = Pirst four letters cf teble nace. Permissitle tables: NEOE,
WGKT, BML{, B/TE, IPTE, QPTE, CUTE, TETE, TPRS, QPRS, CgnC.

B B 7 B

FACT = Punch FACT in columns =-8,

FACTL = A value which will factor the appropriate irnput data on the
recaining cards of the input table or urtil another 'FACT'
card is ercountered. The Factor defaults to 1.0 at the
beginning of each tabtle. If FACTPR is entered as tlark or
C.C, @ value of 1.0 will be used.

éte enterei in the 'DECK' forr~ats (page J-£0) are not modified oy
nis factor input (e.z., Bourdary Force or Displacerent vectors fro-
AR TAPEP outputs or 'SFEING' or '"NUBE?' TAPE14 forse outputs.
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STAR INPUT NOTES - CONTINUED

o

m
O W

SUMMARY OF STAR PROGRAM MEADZR A''D CONTPOL CAPDS

The STAR table header and contro. ce-“ names shown in this manual ere
summarized below for convenier:e¢ It shouid be noted that many pames
wvhich appeared in earlier versious of the STAR manual are not in the
list. The program will still recognize these names, howvever, provided
that the table in which they originally appeared is entered entirely
as described in the older menual.

START TETRG cone
PLATS TETRHEAD CONCG
RENUMB MADDX C@NCDECK
MATLG MADLFACT C@NCHEAD
MATLG] MADDKEAD C@NCFACT
MATLG2 MADDEL C@NCGBL
MATLHEAD EYDEL DISPG
N@DE MADDPRIT DISPGEN
N@DEG 39UNG DISPDECK
N@DEFACT BPUNGADD DISPHEAD
N¢DEGRD1 B& INFEAD DISPFACT
N¢DEGRD?2 SUYAN ACCEL
NEWSYS GUYANADD FACTER
N@DEKEAD SUZAHEAD FACTHEAD
ASYSG ENDGEgM END CASE
ASYSKEEAD =0 ALL D@NE
RESTG STATIC HQR
RESTHEAD TAPEHEAD INVITR
WOHT ;‘RL DYNAMIC
WOHTG MTEMP @PTION
WGHTFACT EMTMPG @UTPUT
WGHTGFN EMTEREAD MINVALUE
WGHTDECK S TEFACT SEL-NODE
WGHTHEAD TPTEMP SEL-BEAM
BEAMG TPTEREZAD SEL-TRIA
BRECT TPTEFACT SEL-GUAD
ELB@W CPTEMP SEL-CURE
PIPEG SPTEHEAD SEL-TETR
PIPET QPTEFACT TAPELG
BEAMHEAD CUTEMP TAPELGSEL
3PREP1 CUTEHEAD JTTLEL
3PREP2 CUTEFACT * TITLE2
BPREP3 TR TITLE3
BPREPL TCTEHEAD TITLEL
3PR@PS TETEFACT TITLES
3PREP6 SMLPPRNT ENDMPDEL
EPR@HEAD 3MLOAD TOLERANCE
TRIAR BMLAHEAD

TRIAMESD SMLAFACT

CUADB TPRS

QUADWARN TPRSEEAD

QUADEEAD TPRSFACT

CUBES GPRS

ZUBEHEAD <PRSN

VEDGE SPRSHEAD

WEZDGHEAD QPRSFACT
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BTAR DECX SETUP DIAGRAM

-

~

I'OTE: Encircled lezters refer
%o applicable sections of
STARDYNE User's Marual
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502-2

PISCES

Static and dynamic hinite-ditference codes based on com-
putational methods developed to calculate nonhnear large-
amplitude responses of structures. fluid bodes and sohd
media The codes solve the fundamental partial difterential
equations on continuum mechanics expressed in the exphc-
it imite aitterence torm PISCE S prowides solutions 10 prob-
tems including Muid-structure interaction. soil-structure in-
teraction hypervelocity particle impact and flow interaction
Batch

POSTEN/CNCGRD

Analyzes and designs continuous prismatic or nonprismatic
slabs quders beams wallle siabs. at slabs with drop pan-
els and fat plates with or without column capials Most
designs conforming 1o Anenican Concrete Institute (ACH)
118 77 standards are made n a single computer run In-
cludes continuous bents of up to 9 continuous spans plus
cantlevers Spans can have umform load, up 0 10 con-
centrated 3 partal uniform and 3 partal triangular loads
Members can be prismatic or nonprismatic and of different
shapes including T inverted T and | sechions

PS BASEPLATE

Analyzes tlexible holted baseplates in nuclear power plants
i support of tegulatory requirements Pre-processor gener -
ates all nput to STARDYNE/SPRING Post-processor
summarnizes analysis results Reduces engineer-hours re-
qured 10 perform baseplate analysis Interactive

SPSTRESS

Systems Protessional Structural Engineering System Solver
Pertorms hinear analysis on two- or three-dimensional elas-
e statically loaded structures Computes jont displace-
ments member end torces. and reactions for a structure
tnput includes makeup type and onientation of all members,
posihon and magnitude of all apphed loads. displacements
and distortions SGEN and STRCHK can also be used with
SPSTRESS SGEN generates input datator SPSTRESS, and
STROHK checks steel beam and column sechons against
member output from a previous SPSTRESS run for thew
Ability 1o handie apphed loads in accordance with American
Institute ol Steel Construction speciications Batch and
e ac e

52

STARDYNE

finite element static and dynamic structural analysis A
STARDYNE static analysis will predict the stresses and de-
Hlec hons resulting trom pressure temperature. concentrated
torces and enforce 1 displacements Dynamic analysis will
predict the node displacements. velociies, accelerations,
element lorces and stresses from transient. harmomic, ran-
dom or shock excitanons STARDYNE 1s user onented, con-
taning antomatic node and element generation features that
reduce the eftort required to generate input Plots of the
ongmal model and delormed structural shapes help the user
evaluate results Contour plots show surface stress for two-
dimensional elements The program creates ime histcries of
element forces and stresses an.a of node displacements
velocmes and accelerahons The RRESTAR preprocessor
allows users 1o enter tree-format input throug! an interac-
tive termuinal Batch and interachive

STRCHK

Uses the resuits o SPSTRESS frame analys's program to
investigate a preselected steel beam or column Each run
automatically retneves up to three independent loading
conditions and modities and combines each with the others
using load factors chosen by the user Batch and interactive

STRU-PAK

A Wibrary of 31 structural analysis programs designed for
small_indwidual problems and tor components or selected
portions of larger structures The hibrary 1s organmized ac-
cording to 10 categories general. section properties,
beams columns frames trusses nngs. plates. shells, dy-
namic analysis. springs and miscellaneous Interactive.
batch (parhal)

SYSTEMS PROFESSIONAL

A hibrary of 28 structural design programs for the building
construction industry Updated 1o the latest requirements of
accepted building codes. suc™ as AISC and ACI, these pro-
grams can be used to design individual structural com-
ponents or 10 analyze entire framing systems Programs are
dwided into concrete. steel. masonry. wood and general
analysis Interactive



902-2

Structural Engineering

SPACE4

Service: APEX/st, UCS/CRAY
Access Mode Remoie batch
Support | evel 3

Documentation
Engineering Catalog
SPACINE, SPCSINF
SPACE4 Manual, $7 %0
Digital Analvsis Consultants
TaM) Garard Avenue
La Jolla, Cahforma 92017
(714) 4%9.1173

VALUE-PRICED

SPACE4 performs linear elastic analysis of two- or three
dimensional structures that may be treated as assemblages of
hine members and or pancls

STAAD-

Service: APEX/ a1, UCS/CRAY
Access Mode Interactive, remote batch
Support L evel 3

Documentation
Engineering Catalog
STDINFO
STAAD- 111 Reference Manual, $7 S0
Rescarch Engineers
P O Box 270%
Cherry Hill, New Jersey 0ROV
(6O9) 482 (800

VALUE PRICED

This program analvzes and designs a two- or three-dimensional
framed structure of any wze

Structural Engineering

STARDYNE*

Service: NOSBI
Access Mode Remote batch
Support [ evel 1

Documentation
I ngineering ( atalog
STARDYNF User's Manual, $22 S0
STARDYNE Learners Guide, $12 50
STARDYNE Static Substructure Gude, $7 50

System Development Corporats
2500 Colorado Avenue ® e
Santa Monica, Cahforma 90406

(213) B20-411)
VALUE-PRICED
STARDYNE performs static analysis, subsiructure analysis.

sersmic analysis, piping system analysas, and dynamic response
analysis on any specitied structure

STRAN

Service: APEX/
Access Mode: Remote baich
Support Level 3
Documentanion
I'ngineering Catalog
Synercom Technology, Inc
SO0 Corporate Dryve
Sugar Land, Texas 77478
(713 491 So00
VALUE-PRICED

STRAN performs a linear analysis of large space frames using
the substructures approach 1o the stiffness matrix method

m?
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For the solution of a wide variety of problems in the
areas of structural, heat transfer, thermal-fluid flow,
thermoelectricity, and wave motion analysis, ANSYS
is widely known for its linear and nonlinear
capabilities. Using the finite element method to solve
these and other problems, ANSYS is distinguished by
its extensive user-oriented feature< and operational
reliability. The program is offered to UIS clients on a
value-priced basis on the APEX/SL Service and the
CRAY-1S computer. It was developed and is sup-
ported by Swanson Analysis Systems, Inc., of
Houston, Pennsylvania.

Among the many analytic tools that ANSYS provides
are choice of analysis types, material behaviors,
nonlinear options, loading conditions, and solution
procedures, as well as a comprehensive element
library. Graphic displays and both time-sharing and
remote batch processing environments are at your
disposal.

Types of Analysis

ANSYS provides you with access to its various
capabilities through the foliowing eight types of
analysis.

Static analysis is used to solve for displacements,
strains, stresses, and forces in structures under applied
loads. Elastic, plastic, creep, and swelling material
behaviors are available. In addition, stress stiffening
and large deflection effects may be included. Such
bilinear elements as interfaces (with or without fric-
tion) and cables can also be used.

With Eigenvalue buckling, ANSYS calculates critical
loads and buckling mode shapes for linear bifurcating
bu-kling, based on a previous static analysis.

Mode frequency analysis solves for natural frequen-
cies and mode shapes of a structure. Stresses and
displacements may be obtained by using the spectrum
analysis option with a displacement, velocity, accelera-
tion, or force spectrum.

For determining the time-history sclution of the
response of a structure to a known force, pressure,
and’or displacement-forcing function, nonlinear tran-
sient dynamic analysis is used. Stiffness, mass, and
damping matrices vary with time, and may be func-
tions of the displacements. Among others, friction,
plasticity, and large deflection nonlinearities may be
included.

MBe 7 S8

Linear transient dynamic analysis, used to determine
the time-history solution of the response of a linear
elastic structure to a known forcing function, contains
a quasi-linear option that includes interfaces (gaps)
with the structure or to the ground.

Harmonic response analysis evaluates the steady-state
response of a linear elastic structure to a set of har-
monic loads of known frequency and amplitude.
ANSYS prints the complex displacements or
amplitades and phase angles. Stresses may be
calculated at boti specified frequencies and phase
angles.

For the solution of tie steady-state or transient
temperature distribution in a body. ANSYS uses heat
transfer analysis. Besides conduction and convection,
radiation and internal heat generation may be includ-
ed. The calculated temperature distribution may then
be used as input to a structural analysis.

Substructures analysis assembles a group of iinear
elements into one ‘‘element’’ (a supereiement) to be
used in another ANSYS analysis. You will find this
type of analysis particularly valuable when you wish
to isolate the linear portion of a structure with an
iterative solution.
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Material Behaviory

All the elements of ANSYS include isotropic material
behavior. In addition, you may use orthotropic
material properties with all plane and solid elastic

structural elements. and with all heat transfer
elements. An elastic structural element allows user in-
put of a complete material matrix for general
anisotropic behavior.

ANSYS' elastic material properties may be functions
of temperature. Temperature-dependent property in-
put includes the following features:

0

000G

—

Curvefitting (4th order) to tabular property data
Linear interpolation with tabular property data
Temperature-dependent emissivity
Temperature-dependent film coefficients
Nonlinear properties (stress-strain curves) de-

" scribed at up to five different temperatures

Nonlinear material properties can be included in static
or nonlinear transient dynamic analyses. For plastici-
ty, stress-strain curves can be any of the following:

M

—

—
-
M
—

Virgin stress-strain
Bilinear kinematic hardening
10th-cycle empirical hardening

ANSYS also includes an option to model nonlinear

elastic material behavior, in which more than ten
primary and secondary laws are available.

Nonlinear Opticns

ANSYS offers an impressive choice of nonlinear op-
tions, including geometric nonlinearities (large deflec-
tion, large rotation, and stress stiffening), special

nonlinear elements, and nonlinear material behavior.

You can use large deflection analysis for both static
and dynamic problems. ANSYS makes geomerry
modifications at the end of each load increment, and
provides stress stiffening and large rotation effects for
most of the elements in the library.

A number of special-purpose elements in ANSYS
facilitate modeling nonlinear behavior, all of which
are available in static or dynamic analysis. The cable
element carries tension or compression only, and is
useful for modeling suspension bridges or television
and radio towers. A crack-tip element is available for
fracture mechanics work. Interface elements (with or
without friction) transmit load in compression only;
they are especially useful for modeling such contact
surfaces as gear teeth or threaded connectors. ANSYS
also includes a three-dimensional solid element (with
or without reinforcing material), a control element,
and a nonlinear force-deflection curve element.

Loading Conditions

For structural analyses, loading inputs include nodal
forces and moments, body forces, displacements,
pressures, and temperatures. You may apply struc-
tural constraints in a user-defined coordinate system.
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.

Solution Procedures

Four major solution procedures are available with
ANSYS, as follows:

0 Wavefront technique solves the system of simul-
taneous linear equations developed by the matrix
displacement method.

Guyan reduction creates a set of degrees-of-
freedom (which is a subset of the total degrees-of-
freedom in a structure); this subset is used to
characterize the response of the structure.

O

J Jacob: and subsrace iteration let you select the
Jacobi technique for eigenvalue extraction, or
subspace iteration to extract the first 7 modes.

Transient analyses make use of an implicit
numerical iteration in each time step.

0
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The ANSYS Element Library

ANSYS offers one of the most comprehensive element
libraries available, containing more than 60 structural
and heat transfer elements.

Structural element types include:

C Spars

C Beams

C Pipes

) Elbows

0O Tees

) Plane and axisymmetric membranes
O Plates

C Solids

Additional structural elements include masses, springs,
dampers, sliding and gap interfaces, and cables, as
well as arbitrary stiffness, mass, and damping
matrices.

Heat transfer elements include:

O Conducting bars

 Shells

C Plates

O Solids

0 Harmonically-loaded axisymmetric elements
 Radiation and convection links

All heat transfer elements have geometrically

equivalent structural elements for thermal stress
evaluation.
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Graphic Displays

ANSYS contains an exceptionally wide range of pre-
and postprocessing routines to generate model data,
display models for visual verification, and manipulate
output from the program. In addition to windowing
and surface plotung capabilities, ANSYS offers
shrinking, hidden line piots, and element, node,
material, type, or member property numbering.

User-Oriented Features

All portions of the ANSYS program can be run in
either an interactive or remote batch environment, us-
ing free-format input data. In fact, a stand-alone pro-
gram called PREP, also developed by Swanson
Analysis Systems, can be used to create an entire
ANSYS input deck from an interactive terminal. The

results can then be postprocessed after analysis.
Moreover, ANSYS provides specialized capabilities
for editing and file manipulation, as well as a restart
option for saving intermediate results.

ANSYS offers wide-ranging features in one integrated
package, and is fully documented in a set of manuals
describing program operation, use, and conceptual
and practical techniques. In addition, the developer
gives training seminars, as well as workshops that pro-
vide users with hands-on experience. For additional
information on the ANSYS program, please contact
your UIS representative, or Swanson Analysis
Systems, Inc., P.O. Box 65, Houstun, Pennsylvania
15342.
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3.0 THEKMAL EVALUATION

This chapter identifies and describes the principal thermal aﬁpects of the
CNS 8-120B cask package for safety and compliance with the performance
requirements of 10 CFR 71.

3l Discussion

Thermal protection of the package is provided in four basic areas. These
are the cylindrical shell (sides), top, bottom, and overpacks.

The cylindrical sheil has three layers. The outer layer consists of a
1.50 inch thick carbon steel plate. This is followec by a 3.50 inch thickness
of poured lead. Finally, the inner cavity Tiner is formea by a 0.75 inch
thick carbon steel plate.

The top consists of two sections; a 3.5 inch thick carbon steel plate,
which forms the inner layer, and a sim.:1r 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 sheils. A circular secondary lia 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 circular in shape, and o1 a diameter equal to that of the cylindrical
siae shells. The bottom section is essentially one cross-section, with no
openings or differences throughout the section.

The overpacks are large circular structures of polyurethane foam which are
mounted on each end of the cask. Although primarily intended as mechanical

impact limiters, they also function as thermal insulators.

For a pictorial view of the basic cask configuration, refer to Figure
3.1-1'1.
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3.1.1 Normal Transport Conditions

The cask receives heat from two sources during normal transpoft
cenditions. These are decay heat from the waste payloau anc insolation.

The decay heat is conductea out of the cask package through the sides,
top, ana bottom. Heat is then uissipated to the outside environwent by a
combination of natural convection and radiation. Since the overpacks possess
a very low thermal conductivity, the cask surface area coverea by these is
assunied not available for heat transfer to the environment.

The insoiation 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 distribute throughout the cask by
conauction.

3.1.2 Hypothetical Thermal Accident Conditions

Heat from the hypothetical fire is transferred to the outer steel shell
plates by raaiation.

Heat is uistributec throughout the cask by conguction through the leaa
shielding layer and conduction through the inner steel plates.

The steel snell plates ana the lead shielding will store heat during 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 for 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.

3-3



3.1.3 hesults of Thermal Analysis

The cask has been evaluated for a decay heat of 100 watts.
analyses have been performed for this decay heat value at ambient air
temperatures of 100°F and 130°F.

Steaq,-state

In adaition, a transient analysis has been

performea for the hypothetical thermal accident conditions a 1475°F radiaiton
environment with a 100°F ambient air temperature.

Important temperatures in the cask for both normal transport conditions
and hypothetical thermal accident conditions are summarized below.

Normal Transport Conditions - Temperatures,

Ambient

Qutside Air

1060°F Max.
Min.

130°F Max.
Min.

°F
Inner Lead Primary Secondary Qutside
Cavity Shielu 0-Ring Lid Seals Surface
151 138 138 141 151
132 132 138 141 132
177 164 165 168 177
159 159 165 168 159

Mypothetical Thermal Accident Conditions - Temperatures,®F., haximum *
Anbient Air Temperature = 100°F

Time

At 1/2 hr.
after thermal
accident begins

Within 10.0
hr. after thermal
accident begins

Inner Lead Primary Seconocary Outside

Cavity Shield O-ring Lid Seals Surface
Max. 342 252 142 209 61z
Min. 139 139 14z <09 336
Max. 360 359 220 224 612
Min. 132 132 138 141 132

* incluages heating due to gecay heat and insolation.

The maximum value of the minimum cavity temperature was found to be 215°F.

Inportant conclusions derived from the above results includc:
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3.1.3 kesults of Thermal Analysis (continued)

‘ (1) The lead shield does not melt under hypothetical thermal accident
conditions (maximum lead temperature = 359°F at the outside of the
lead shield); Tlead iz " 6z1°F.

(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 S0C°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 psiy under normal
operating conditions and 19.2 psig under thermal accident conditions.
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3.2 Summary of Thermal Properties of Materials.

Thermal material properties used for analyses were taken fromfseveral
sources listed in Appendix 3.u.

For each material within the cask (i.e., carbon steel, lead) relevant

material properties were selected.

Densily is assumed constant; however

thermal properties such as specific hcat and conductivity (which can vary
significantly with temperature) are represented by tables which show how the
particular property varies over i\4e rarge of temperatures encountered. The

tables are shown below:
Carbon Steel (Ref. 1)

Temperature

70°F
100
200
300
400
500
600
700
600
900
1000
1160
1200
1300
1400
1500

Lead (Ref. 3)

32°F
212
392
572
75¢

Specific Heat

0.1633 Btu/1by -°F

o0CoCo

L0306
.0315
L0325
.0335
L0328

Btu/1by -°F

Conauctivity Density

35.1
34.7
33.6
32.3

L
“

29.5
¢6.0
26.6
25.2
23.8
2¢.4
0.9
12.5
18.0
i6.

15.7

20.3
10.3
1.2
17.2

Btu/hr-ft-°F 489 1b/ft3

Btu/hr-ft-°F 710 1b/ft3

The emissivity of carbon steel was taken as 0.865 (kef. 4) and the solar

absorptivity was (.40 (See uiscussion, Section 3.4.1.1)
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3.4.1

3.3 Technical Specifications of Components
Not Applicable.

3.4 Thermal Evaluation for Nurmal Congitions of Transport.

Themal Moael

2.4.1.1 Aralytical hodel A steady state thermal analysis was

perforued in ordef to evaluate the cask during normal conditions of
transpert. Specific conditions and assumptions were as follows:

(1)

(3)

100 watts internal decay heat

300 Btu/hour-feetz solar load (ref. 4, page 130). This was the
severest load, or igest day of the year. This was used in
conjunction with a sclar absorptivity of 0.40, to give a net solar
10ad of 120 Btu/hcur-feetz.

The cask will be painted white; ref. 3, page 3-22 gives solar
absorptivity for white painted surface as 0.26. Using 0.4C for the
absorptivity lends conservatism to the solar heat load, inasmuch as
this results in a higher thermal loaaing.

The maximum insolation given in Table 1, NRC Regulatory Guide 7.8 is:

(for curved surfaces) 14/< Btu/ft2/12 hours = 122.9 btu/hour-feet2

This is comparable to the solar load of 120 Btu/hour-feet2 which
was used in the analysis.

A1) radiation shape factors (F) have been assumed to be equal to 1.0,

ds virtually all heat emitted from one radiating surface is received
by the next surface.
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3.4.1.1 Analytical Model (contiued)

{(4) Standard English units were usec throughout the analysis. Units usec:
Lenyth: feet '
Heat: Btu
Time: hour

The only exception to this is the watt, which is usea to express
decay heat. To obtain compatibility with other units useu, the

conversion 1 watt = 3.414 btu/hour was usea.

(5) Therma) mass and conductivity of the payioad were ignored. This
represents a conservative assumption.

(6) Convective heat transfer fron the outside surface was modeiled as
natural convection from an upright cylinder “or the sides of the cask:

For Vertical Plates or Cylinders (Ref. 2, p. 219)

1/4
h = 0.29¢80)"
h = Convective Heat Transfer Coefficient, BTU/hour - feet2 - °F
a7 = Temperature Difference, Tsurface e Tapbient * F
L = Major Dimension of Cylinder, feet

This is utilized in Conjunction with the total convective heat flow
relation:

Q =hAaT Heat tlow, Btus/hour

Surface area, feet2
Temperature difference

- T °F

> o
" "

aT

® 'surface = 'ambient’

Convective heat transfer from the top and bottom sections was modelled in
a similar fashion, except the equation for the convective heat transfer
coefficient, h, was:
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3.4.1.1 Analytical Model (contiued)

i :
ho= 0.27 (AE-)“ (kef.2, p.219) ~

h = Convective Heat Transfer Coefficient
Btu/hour-feetz-'F
aT = Temperature Difference

Tsurface . Tamtient' F
L = Major dimension of plate, feet

Using the above asumptions, an analytical model was created which
effectively modelled thermal behavior of the package. The package was divided
into geometric seguents. Each segment contained appropriate therniul
resistances ana thermal conductances as required.

This mocel was implemented using the MITAS-11 software packaye. The
program balanced the heat flow equations using a finite differencing
alyorithm. A graphical representation of the thermal network used in the
analysis may be found as Figure 3.4.1-1.

Steady state analyses were performed for both 100°F anc 130°F ambient air
temperatures. The MITAS-I11 program determined 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
211 heat flows were within 100 Btu/hour of each other, steacy-state conditions
were assumec to exist.

3.4.1.2 Test Model Not Applicable

3.4.2  Maximun Temperatures

Maximum temperatures of the package for normal transport conditions are
listed below:
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3.4.2 Maximum Temperatures (continued)

Outside Air Inner Lead Primary Secondary . Outside
Temperature Cavity Shield U-rings Lid Seals - Surface
100°F 151 138 138 141 151
130°F 177 164 165 166 177

3.4.3 Minimum Temperatures

Since the package can be moved without a payloeu, the winimun tewperature
obtainable at any point is the minimum ambient temperature of -4(°F.

3.4.4 Maximuni Internal Pressures

The cask will reach a maximum internal pressure of 0.7 psiy for an ambient
outside air temperature of 130°F. This pressure will be the worst internal
pressure the cask will experience unaer steady-state thermal concuitions. It
is a function of the minimum internal temperature. Although the package is in
a steady-state condition and balanced in reyard tu heat flows, different
temperatures will exist throughout the package interior. For a discussion of
package interior temperatures ana their siynificance to internal pressure
calculations, refer te Appendix 3.6.2.

The minimuri interior temperature is 159°F for steady-state conaitions with
a 130°F ambient outside air temperature.

To find the maximum internal pressure, assume the cask is loadeu at 70°F
ana 14.696 psia. From the saturated water tables (ref. 8, Page 456), the
partia) pressure of water is 0.363]1 psia. Therefore, the partial pressure of
air at '0°F is:

P =P

Pwater air

atmos ~

14.6%6 -0.3631 = 14.333 psia = Pair

From the saturated water tables, the partial (vapor) pressure of water at
159°F is 4.638 psia.
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. 3.4.4 baximun Internal Pressures (continued)

The partial pressure of air at 159°7 may be found from the perfect gas law:
1.2
T1 T2

In this case, T = 70°F, Py = 14.333 psia, T, = 159°F. However, the
perfect yas relation requires all temperatures to be absolute temperatures.

P, = 14,353 psia

1
14333 _ F2 T, = 70°F = 530°k
530 619 T, = 159°F = 609"k

P, = 16.739 psia = partial pressure of air at 159°F.

The absolute pressure will be the sum of the partial pressures:

' Pabsolute * Puater * Pajpr = 4-636 + 16.739
= 21.378 psia. (6.66 psig)

3.4.5 Maxinum Thermal Stresses.

A comprehensive evaluation of package stresses for the 130°F anbient
temperature condition is presented in Section 2.6.1. The analysis used a
finite element model, describea in Sectiun 2.10.2.3, tu assess stresses in the
package. The results of that analysis are shown in Table 3.4.5.

3.4.6 Evaiuation of Fackaye Performance for Normal Conditions of Transport

The thermal behavior of the package is completely consistent with the
allowables for all materials of construction. In aadition, the maximui
predicted temperature of the payload cavity, 177°F, is below the established
service limit for silicone seals.
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3.9 Hypothetical Accident Thermal Evaluation

3.5.1 Therma1 Model

For purposes of analyziny the packaye performance during the hypothetical
thermal accident, a transient thermal analysis was conducted. This utilized
the sane thermal network mocel that was used for the steacy state aralysis;
yeome tric segments, thermal resistances, and thermal capacitances were
jgentical. Listed below are other conuitions and assumptions which were
included in this analysis:

B A1l conditions and assumptions named in Section 3.4, items 1
through 6.

. The hypothetical fire was modelled as a black boay pure raaiaticn
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 woula 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 anda eabsorptivity of 0.8. The emissive power of
the hypothetical accicent source is assumed equivalent to a grey boay
with an emissivity of (.Y at a temperature of 1475°F. This is
equivalent to a black body source with a temperature of 1424.71°F.

. 4.1/4
TogLEU(IO’J

T, = L(0.9)(1475 + 459)4317/4 _ 45

To = 1424.71°F
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3.5.1 Therwa)l model (continued)

As part of the initial starting conditions, the pachaye is brought to
thermal 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 thermal accigent conditions are imposed on the
package. This involves removing the convective aissipetion and then applying
the 1425°F radiation load to the exposed external surface of the package. The
duration of this 1cad is 1/2 hour. Following this, the convective Gissipatioun
is reapplied and the package is allowea to dissipate heat to the environment
by buth convection and radiation.

The analysis evaluateu temperatures throughout the packaye, once every
fifteen 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 higher than outside air
temperatures. This is the result of assuming initial conditions to be those
associated with a 10C°F ambient atmosphere.

3.5.1.1 Analytical Model As previously stated, the packaye was
thermally modelled by dividing it into specific yeometric seyments. Within
each seyment, nodes (thermial capacitances) and conductances (thermal
resistances) were created to model thermal characteristics in both
lonyituuinal and radial directions. These, in turn, were connected segment to
segment. This reflectec the way heat flows throughout the package. A
graphical representation of the thermal ne .work 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 thermal
behavior of the package. Specifically, free drop damaye only affects the
yeometry 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 second order
proportions.
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3.5.3 Package Temperatures

Results of the transient thermal analysis are as follows:

Temperatures
Anbient Air Temperature = 100°F

Luwest Tenp. Highest Temp. Lead Prinary Secundery
Time within cavity within cavity mic-point 0-Ring Lig seal
at T=1/2 hr 139 342 164 142 209
at 7=3/4 hr 141 360 213 149 225
at T = 10 hr 215 215 ¢19 214 205

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 psiy as a result
of the hypothetical thermal accident.

The maximum pressure experienced by the cask will be a fuiction ot the
maximum value of the minimum interior temperature. This temperature, 215°F,
is reacheu 10.0 hours after the beyinning of the hypothetical thermal
accident. For a discussion of the significance of this temperature in
determining internal pressures, please refer to Appendix 3.6.2.
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3.5.4 Maximum Internal Pressures (continved)

To find the maximum internal pressure, assume the cask is initially loaded
at 70°F, and 14.696 psia. From the saturatec water tables (ref.a;'page 45¢u),
the partial pressure of water at 70°F is 0.3631 psia. Therefore, the partial
pressure of air at 70°F is:

patmosphere - Pwater - Pair

14.6%6 - 0.3631 = 14.333 psia = Pair
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 founa from
the perfect gas law:

o
©

]
i
p—

In this case, T, = 70°F, P1 = 14.333 psia, T2 = 215°F. However the
perfect gas relation requires all tenpe-atures to be absolute temperatures.

P, = 14.333 psia
14.333 _ P2 T, = 70°F = 530°R
530 675 T, = 215°F = 675°R

2
P, = 18.254 psia = partial pressure of air, at ¢15°F.

The absolute pressure will be the sum of the partial pressures:
+ P  * 15.655 + 16.254 = 33.9 psia

Pabsolute - Pwater ¢

33.9 psia - 14.69 = 19.21 psig.
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3.5.5 paximum Thermal Stresses

A comprehensive evaluativi of packaye stresses duriny the fire-accident
conditions is presented in Section 2.7.3. The analysis used an axisymmetric
finite element mode), described in Section 2.10.1.3, to assess stresses due to
the thermal and pressure loads on the package. The results of that analysis
are shown in Table 3.5.5

3.5.6 Evaluation of Package Performance for the Hypothetical Accident
Thermal Conditions

The thermal 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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3.6.2 Significance of hinimum Tenperatures in Calculation of Cask Internal

Pressures

The maximum pressure developed within the package will be directly related
to the minimum interior temperature at any jiven time. The behavior of
residual moisture within the cask cavity can be characterized by evaporation
from the hotter surfaces and condensation on the coolest surfaces. These two
conflicting requirements will reach a state of equilibriun pressure equal to
the saturated vapor pressure associated with the conaensation te.perature,
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 teperatures will be
different at aifferent locaticns). In this case, there will be one minimum
tenperuature within the cask, and tnis will Le the significant parameter in
deterwining internal cask pressure for the stead)-state thermal condition.

If the cask is in a transient thermal state, as it is when it has
underyone the hypothetical thermal 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 thermal
accident) it will heat up unevenly, with some Tocations heating faster then
others. This is due to the fact that the thermal loading is applied through a
partial area of the cask (the cutside surface area not covered by overpacks),
and because some regions of the cask have more thermal 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 minimuii interior tenperature nust be found in oraer
to find the maximum cask pressure.
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4.0 CONTAINMENT

This chapter describes the containment configuration of the Model
CNSE-1208 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 1id o-ring seals, and
1id 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 p). e . 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 1id covers a 29 inch opening in the primary 1id and is attached to

‘ the primary 1id using twelve (12) equally spaced 2-8 UN bolis. See Section
4.1.4 for closure details.

4.1.2 Containment Penetration

There are four penetrations of the containment vessel. These are (1) an
optional drain line; (2) a primary 1id seal test port; (3) a secondary 1id
seal test port, and (4) a cask vent port located in the primary 1id. Located
at the cask base, the drain line consist of a 2 inch diameter steel roq,
drilled to U.75 inches diameter, penetrating into the secona 3 1/2 inch layer
of steel that forms 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 seals on both
the primary and secondary 1ids. A vent port penetrates the primary 1id into
the main cask cavity. A1l four penetrations are sealed with silicone Parker
Stat-0-Seals or equivalent.
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4.1.3 Welds and Seals

The containment vessel is fabricated using full penetration grocveé welcas.
A1l weld configurations are designed and fabricated to the intent of Section
111 of the ASM Boiler and Pressure Vessel Code. Seals e¢re described in
Sections 4.1.2 and 4.1.4.

4.1.4 Closure

The top (primary 1id) closure consists of two 3 1/2 inch thick laminated
plates, stepped to fit over and within the top edge of the cylindrical body.
The 1id is supported at the perimeter of the cylindrical body by 2 1/2 inch
plate welded to the top of the inner and outer cylindrical body walls. This
plate confines two (2) solid, high temperature silicone O-rings in machined
grooves. Groove dimensions prevent overcompression of the O-rings by the
closure bolt preload forces and hypothetical accident impact forces. The lic
is attached to the cask bcdy by thirty-two (32) equally spaced 2-8 UN bolts.
These bolts are torqued to 500 ft-1bs. + 10 percent (lubricatea). The cask is
fitted with a secondary 1id of similar construction attached co the primary
1id with twelve (12) equally space 2-8 UN bolts, fabricated of SAL Graae 8
material. The secondary 1id is sealed wth two (2) solid, high temperature
silicon O-rings in machined grooves.

The vent, test ports, and drain penetrations are sealed with Parker

Stat-0-Seals which are used berneath the heads of the hex head cap screws at
all locations. Table 4.1.4 gives the torque values for the cap screws.
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TASBLE 4.1.4 Bolt and Cap Screw Torque Requirements

LGUAY ICNS SZE TORQUE VALUES + 10 (Lubricated)
in-1bs ft-1bs

Test Ports (2) 3/8 in. 144 12

Vent 1/2 in. 240 20

Drain 3/4 in. 960 80

Primary Lid 2-8 UN .- 500

Secondary Lid 2-€ UN - 500

4.2 Contairment Requirements For Normal 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 excess of limits prescribed in N.R.C. Regulatory Guide 7.4, "Leakage Tests
on Packages for the Shipment of kadioactive haterials,” under normal
conaitions 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 1:(10'7
atm.cm3/sec. at steandard conditions as defined in ANSI N14.5-1977. To
demonstrate leak tightness, the sensitivity of the leakage test procedure will
be 5 x 10 ~8 atm.cm3/s. or better.

(1) Leaktight level: A leakage rate of 10-7 atm.cm3/s or less, based on

dry air at 25°C and for a pressure differential of 1 atm against a vacuun,
of 102 atm or less is considered to represent leak tightness. (ANSI N
14.5-1977, Section 3, 3.7).
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By use of a leak tight design, compliance of the CNS 8-120B package with the
requirements of N.K.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 cf the Containment Vessel

Section 3.4.4 summarizes normal condition temperatures and pressures within
the containment vessel. These pressures and associatea temperatures are usea
to evaluate integrity of the CNS 8-120B package. None of these conditions
reauce the cffectiveness of the package containnent.

4.2.3 Coolent Containment

Not applicable; there are no coolants in the CNS 8-120B package.

4.2.4 Coolant Loss

Not applicable; there are no coolants in the CNS £-120B package.
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4.3 Containment hequirements For
The Hypothetical Accigent Conditions

The followina is an assessment of the packaging containment under the
hypothetical accident conditions as a result of the analysis performed in
Chapters 2.0 and 3.0. In summary, tne 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,"”
hy pothetical accident conaitions.

under

The CNS&-120E package is designed to accomcdate a variety of payloads with
differing contents. Provided the package is fabricated and tested to a leak-
tight level (1) 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 “1is guide, compliance of the CNS8-120B 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 107 atm.cn/s or less, based on dry
air at 25% and for a pressure differential of 1 atm against a vacuum of
10'2 atm or less is considered to represent leaktightness. (ANSI

N 14.5-1977, Section 3, 3.7).



5.0 SHIELDING EVALUATION

5.1 Discussion and Results

5.1.1 Cperating Design

The CNS 6-120b will be operated such that the contents in the cask
will not create a dose rate exceeding 200 mrem./hr. on the rask 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 resultiny 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

The cask side wall consists of an outer 1.5 i.ch thick steel shell
surrounding 3.5 inches of lead and an inner containment shell wall of G.75
inch thick steel. Total material shield thickness is 2.25 inches of steel and
3.5 inches of lead.

The primary cask 1id 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 thz 1id/cask body interface.

A secondary 1id is located at the center of the main 1id, covering a
29.0 inch opening. The secondary lid is constructed of two 3.5 inch steel
plates with multiple steps machined in the seconcary 1id. These match steps
in the primary 1id, eliminating radiation streaming pathway:.

5.1.3 WMaximum Dose Rate Calculations

Table 5.1.3-1 gives both normal and accident condivion dose rates for
a typical loading of the cask. The following assumptions were used to develop

the values given in the table.
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Table 5.1.3-1

‘ SUMMARY OF MAXIMUM DOSE RATES (mrem/hr)
Package Surface 3 Feet From
Side Top Bottom Surface of Package
Side Top Eogtom

Normal Conditions
(1) (1)

gamma 105 200 200 | 5.7 5.7
neutron 0] 0 0 0
total 105 200 200 el 5.7 5.7

Hypothetical Accident

Conditions

yamma

neutron same as for normal conditions shown above

total
10 CFk 71 Limit ---- P —— .- 1000 1000 1000

5.1.3.1 Normmal Conditions

(1) The source is modeled as a point source which can exist on any
interior cask surface. The source is considered tu be in contact
with all inner cask surfaces 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 sawe lead equivalent value based on Co-60

‘ energies.
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5.2 Source Specification

5.2.1 Gamma Source

The equivalent point source, assuming Co60 energies, is determined for
the normal geometry. This equivalent source is then used to evaluate the

effects of the hyptohetical accidents.

The point source is determined as follows:

where,

® = Photon Flux, v/cm2 - sec

Y

o = Equivalent Source,y/s

by = Zuy Yy
i

E = Buildup factor

r = distance from source 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

5.3.1 Description of Radial and Axial Shielding Configuration

Description of the radial and axial shielding material models arc shown in
Figure 5.3.1-1.
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WADIAL MODEL:
(Not to scale)

Cask
Radius

Dose Point ,
Lead -\\\\\;B

arbon Steel*

oint Source of
Intensity So

0.75" —| |o—3.54] 1.5

AXIAL MODEL:
(Not to scale)

Point Souice of
Intensity So Dose
\ Point\e
Same ~ N\
As P\‘ii§
Closure Carbon Steel*
End )
—- 3.4&—
fe7.0"~
¢ CASK BOTTOM LID CLOSURE END L

*Optional stainless steel liner not inc!uded

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

MATERI AL ELERENT DENSITY {(y/cc)
Carbon Steel Fe 7.86
Lead Pb 11.34

5.4 Shielding Evaluation

5.4.1 Radial Model

The gamma 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
source 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 source is determined as follows:

S -b
§ =KB—2,e!
 ; 4 <l
nd 2
where ¢Y = Photon Flux,y/cm -sec

K = Flux to dcse conversion = 2.4x10-6 R/hr.
for Co-60 6,

S0 = Equivalent source, y/sec

by *I gyt
B = Buildup factor
a = Distance from source to dose point, cm
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FIGURE 5.4.1-1 Dose Rate vs. Source Strength- Side of Cask




through the side of the cask. the following values are used:

Leaa: t = 3.5 inches = 8.9 cm,uu/p = 0.0600 cme
:
. = 0.684 cm
Steel:  t = 2.25 inches = 5.7 cm, u/p = 0.0515 cwl
g
u = 0.415 et

Giving: by = 6.5

the buildup factor is taken for iron to represent the laminated shield.
Therefore:B = 11.5

Two dose rates will be considered:

Dy = 10 mrem/hr, where a = 15cm (5.75 inches) + 200cm = 215 cm
This gives:

D
& o ._E_BI. (47a2) (see 5.2.1)

‘ KBe~
= 0.01 Rem/hr (4x)(215%)
(2.3 x 107°)(11.5)(2 x 107%)
12 ¥

1.1 x 10 sec

w
(=]
n

200 mrem/hr, where a = 5.75 inches = l5m

o
N
"

which gives:
s . 0.2 remhr (4s)(15%)
¢ (2.3x107%) (11.5) (2x10”

4
So = 1.1 x 1011 y/sec.

The dose rates at 3 and 6 feet from the sige surfaces of the ChS 8-120b
are shown in Figure 5.4.1-1 for various source strengths.




5.4.2 Axial Model

The yamma radiation sources that correspond to regulatory dose rate limits
for the cask in an axial direction were calculated assuming a point source.
This yives the most conservative approach and allows for the wide variety of
source 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 source is determined as follows:

So 'bl
‘v = KB ————?—e
where dv = Photon Flux.v/cmz-sec

K = Flux to dose conversion = 2.3x10-6 R/hr.
for Co-t0 d,

S, = Equivalent source, y/sec
bl = Fiuit1
B = Buildup factor
a = Distance from source to ause 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
-1
u =0415cm
Giving: by = 7.4

the buildup factor, taken for steel is:

B =10
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Two dose rates will be consicered:
D1 = 10 mrem/hr, where a = 17.8 cm (5.75") + 200cm = 218 cm

which gives,

D
So = —= (4ra2) (see 5.2.1)
KBe "1

= 0.0l Rem/hr (4+)(218%)
(2.3 x .072)(10)(6.1 x 10°%)

So = 4.3 x 101X

and,
D2 = 200 mrem/hr, where a = 7.0 inches = 17.8cm

which gives:
0.2 rem/hr (4x)(17.8%)

S, =
. (2.3x107°) (1)) (6.1x10"

‘)

S¢ = 5.7 x loloy/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
strengths.

5.4.3 Accident Conditions

The cask shielding must be able to limit the dose rate to 1 Kem/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 after the aacident. This gives a
dose of 5.7mrem/hr at 3 feet from the surface of the cask, a factor of 175
times below

1000 mrem/hr _
(5.7 mrem/hr 173)

the dose rate limit of 1.0 kem/hr 3 feet from the package surface after an
accident.
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6.0 CRITICALITY EVALUATION

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 OPERATING PROCEDUKE

This chapter describes the general procedure for loading and unloading of the
ChS 8-120B Cask.

7.1.1

7.1.2

7.1.3

7.1.4

7.1.%5

7.1.6

NOTE:

7.1 Procedure for Loaginy the Packaye

Loosen and disconnect ratchet binders from upper overpack.

Using suitable 11fting equipment, remove upper overpack assembly.
Care should be exercised to prevent damage to overpack during
handling and storage.

Letermine 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 ft-1bs lubricated.

7.1.3.3 Using suitable 1ifting 2quipmemt, remove cask from trailer
and the lower overpack and place cask in level loading
position.

Loosen and remove the thirty-two (32) bolts which secure the primary
1id to cask body.

Remove primary 1id from cask body using suitable 1ifting equipnent.
Care should be taken during 1id handling operations to prevent damage
to cask or 11d seal surfaces.

Inspect cask interior for damage or loose materials. Clean and
fnspect seal surfaces. Replace seals when defects or damaye is noteu
which may preclude proper sealing.

When seals are replaced verification leak testing is required as
specified in section 8.2.
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7.1.7 Place disposable 1iner, drums or other containers into cask, shoring or
bracing as necessary to restrict movement of contents during normal
transport.

7.1.8 C(Clean and inspect 1id seal surfaces.

7.1.9 Replace and secure 1id to cask body using the thirty-two (32) 1id bolts
torqued to 500 ft-1bs + 50 ft-1bs lubricatea.

7.1.10 If cask has been removed from trailer, proceed as follows to return
cask to trailer:

7.1.10.1 Using suitable 1ifting equipment, 1ift and position cask into
lower overpack on trailer in the same orientation as removed.
7.1.10.2 Unbolt und remove cask 1ifting ears.

7.1.10.3 Reconnect cask to trailer using tie-down equipment.

7.1.11 Using suitable 1ifting equipment, 1ift, inspect for damage and install
upper overpack assembly on cask in the same ~rientation as removed.

7.1.12 Attach and nsnd tignten ratchet binders between upper and lower
overpack assemblies.

7.1.13 Cover 1ift luys as required.
7.1.14 Install anti-tamper seals to the cesignated ratchet binder.
7.1.15 Inspect cask for proper placards and labeiing.

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.
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7.2.2

7.2.3

7.2.‘

7.2.5

7.2.6

7.2.7

7.2.86

7.2.9

7.2.10

Perform an external examination of the unopened packaye. Record any
sign. .ant observations.

Remove anti-tamper seals.
Loosen and disconnect ratchet binders from the upper overpack assembly.

Remove upper overpack assembly using caution not to damage the cask or
overpack assembly.

1f cask must be removed from trailer, refer to steps 7.1.3.
Loosen and remove the thirty-two (32) primary 1id bolts.

Using suitable 1ifting equipment, 1ift 1ia from cask usiny care during
handling operations to prevent damage to cask and 1id <eal surfaces.

kemove contents to disposal area.

Assemble package in accordance with loading procedure (7.1.8 through
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 applicabie for empty packages.

NOTE:

Each package user will be supplied with a2 complete, detailec operating
procedure for use with the package.
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8.0 ACCEPTANCE TESTS AND MAINTENANCE

8.1 Acceptance Test

Prior to the first use of thc UNS 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

8.1.2.1 Testing of the 1ifting devices attached to the package,
primary and secondary 1ids shall be accomplished to meet the standards of 10
CFk 71.21.

8.1.2.2 Visual examinations during fabrication will igentify the
integrity of structural welding and proper fabrication techniques.

8.1.3 Leak nggi(l)

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
detection of any leak greater than 1 x 1077 atm.cm>/sec (Section 4.4.10.).

Any condition which results fn a leakage rate in excess of lxlo'7
n.n.cmalsec. will be corrected.

(1) ANSI N14.5 American National Standard for Leakage Tests on Packages for
Shipment of Radioactive Materials.
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8.1.4 Component Tests

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 1ines. The vent and drain seals are verified during leak
testing. No additional component testing will be performed with the exception
of mechanical tests performed on materials used in package falrication.

8.1.4.2 Gaskets Gaskets and seals will be procured and examined in
accoruance with the CNSI Quality Assurance Proygram. Leak testing 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.

8.1.6 Thermal Acceptance Tests

No therma) acceptance testing will be performed on the CNS 8-120B
package. Refer to the Thermal Evaluation, Section 3.0 of this report.



8.2 haintenance Program

CNSI 1s committed to an ongoing preventative maintenance program for all
shipping packages. The 8-120B package will be subjecteu to routine and
perfodic inspections and tests as outlined in this section and CNSI approved
procedures.

8.2.1 Structural and Pressure Tests

Routine visual examinations will Le performeu to detect damaye or defects
significant to package condition. Exterior stencils, nameplates, seals and
bolts will be verified in place.

8.2.2 Leak Tests (1)

8.2.2.1 Periodic leak testing shall be performed aftcr the third use
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
detect a leak exceeding 1 x 10'7 atm.cnalsec. Conuitions exceeding a leak
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 ciosure 1ids have been
properly installed. The procedure for assembly verification leak test will
pressurize the area through the installed test ports, testing the outer O-ring
of each 1id. The leak test sensitivity shall be adequate to detect any leak
greater than 1 x 1673 atm.cn’/sec.

(1) ANSI N14.5 American National Standard for Leakage Tests on Packages for
Shipment of Radicactive Materials.
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6.2.3  Subsystem Maintenance

8.2.4 Valves, Rupture Discs, and Gaskets on Containment Vesse!)

|
|
|
|
The CNS 8-120B package contains no subsystem assemblies.

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 performed after acceptance testing unless
damage has required repairs affecting shield integrity. Any shield testing
which might be required would be in accordance with the original criteria
specified in Section 8.1.5.




