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2.8 Special Form

This section is not applicable to the Universal Transport Cask because the fuel to be transported
in the cask does not satisfy the definition in 10 CFR 71.4 for special form radioactive material.

2.8-1
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2.9 Fuel Rods

Regulatory Guide 7.9 [41] requires that analysis or test data be provided showing that the
structural integrity of the fuel rod cladding justifies the amount of integrity claimed. ﬁ
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assessment of fuel rod buckhng 1s performed The boundmg Ioad condttton_for the assessment of
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Cask,

291 PWR Fuel Rod Buckhng ‘Assessment

i

Of the PWR assemblies to be transported in-the cask, the- foﬂowmg foqr};
representative assemblies;

Characteristics of the PWR fuel rods are'shown in Table 1.2-4 and Table 522

2.9.1.1 Overview of Analysis Methodology
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The maximum dynamic acceleration (2.10ad). which may. §5T5§§éﬂv~‘resul n the-buckling of;

ipmgm 2o ST

fuel rod, is determined by.applying the DLE to the design. acceleratxon»ofﬁO for,
drop condition (See Section 2.7.1).
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§0=foot )end drop ,condmon;

292 BWR Fuel Rod Buckling Assessment

representative assemblies:

(@7 @7 7TOT] O 'O} FOT] [¢7]

,GE' 9'x 9-2 BWR/4-6 version. GB-II (Class 5

Characteristics of the BWR fiie] tods Are Shown in Tabie 1.2:5. and 1 able 5,556,

The 1 representatlve BWR fuel assemblies ‘are. further. bounded by ihiee  BWE. confia lrations
(based on rod diameter and length) e GE /X BWR/A 6. GE 8587, BWRJ4Z67-and GH9x02)
BWR/4-6 Using the similar-method o the PWR:fuel'rod evaluationias. idescnbed‘ mgSectlon

2.9.1; "ANSYS models are. used to.determine. the critical. ‘buckling: gl,oadsr: “Location
constramts for ‘the BWR fuel.tods are.- - shown in:Table 2.9-3!
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Figure 2.9-1 Typical Fuel RodFinite Ele
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Figure 2.9-2 ypical First Lateral Mode Shape Plot for Fuel Rod
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Figure 2.9-3 Typical First Buckling Mode Shape for Fuel Rod
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Combustion Engineering
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* Measured from the bottom end of the fuel rod;

Table2.9-2  PWR Fuel Rod Analysis Summary

Fuel Assembly
Class
Westinghouse
15x 15
Westinghouse 212.2 327 6.490 0.316 189 B2.9

* Maximum dynarmic g: load = DLE 60g,
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Table 2.9:3 Location of Lateral Constraint for BWR Fuel Rods

FosBranuiretye Hhed 8 L

Fuel A&e.mbl y.Class Tocation of Lateral Constraints (inch)%
0.00 | 22 4303 | 63;18 | 8333 | 103.48 | 123.63 | 143.78 | 163,42

AN 4 273 Sraa.A

I3

GE 8x 8—2 BWR/4-6 0.00 | 22.88
Lmd_163 42 in; , ) ' —
GE9x9-2BWR/4-6 | D.00 | 2288 | 43.03 | 63.18 | 8333 | 10348 | 12363 | 14378 | 16342

Lmd-.163 42in:

* Measured. from the bottom énd of fuel rod.

3.03 | 6318 | 83.33 | 10348 | 123,63 | 143.78 | 163:42

Bonbd LAt

v

k

Table 2.9:4 BWR Fuel Rod Analysis Summary

Fuel Assembly Class Buckling g-Load
GE 7x7 BWR/4-6 1043
GE 8 x 8-2 BWR/4-6 77.8
GE 9 x 9-2 BWR/4-6 64.6
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2.10.1 Computer Program Descriptions

The structural evaluation of the Universal Transport Cask body, closure lid, canister, baskets, and
impact limiters is accomplished using two computer codes, ANSYS and RBCUBED. Each

program is described in the following sections.

3 6]

2.10.1.1 ANSYS

The structural analysis of the main body, the closure lid, the canister, and the baskets of the
Universal Transport Cask is performed by the finite element analysis method using the ANSYS
structural analysis computer program [32]. The ANSYS computer program is a large-scale,
general purpose computer program for the solution of several classes of engineering analyses that
include: static and dynamic; elastic, plastic, creep and swelling; buckling; and small and large
deflections. The matrix displacement method of analysis based on finite element idealization is
employed throughout the program. The large variety of element types available gives ANSYS
the capability of analyzing two-dimensional and three-dimensional frame structures, piping
systems, two-dimensional plane and axisymmetric solids, three-dimensional solids, flat plates,
axisymmetric and three-dimensional shells, and nonlinear problems, including gap element

interfaces.

A three-dimensional model is used in the analysis of the cask for the 3 free-drop cases. Two-
dimensional axisymmetric models are used to evaluate the cask lid for puncture. The interface
oap clements provide the capability of realistic modeling and evaluation of the interactions
between the lead layer and the surrounding stainless steel shells; between the top forging, and the

lid: and between the neutron shield material and the steel in the bottom of the cask.

The ANSYS preprocessing routine (PREP7) is used to construct the finite element mesh,
describe each cask component material (temperature-dependent) property, assign unique
identificrs for cask components, model displacement boundary conditions and prescribe
temperature. point loads, or surface tractions of appropriate element faces or nodes. The PREP7

eraphics option is a valuable tool that permits the user to check the model for completeness. The
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ANSYS analysis option uses the PREP7 file to generate a solution file and to provide a user-

oriented printout of the solution phase.

A variety of ANSYS post-processors (for example, Postl) utilizes the solution file to sort, print,
or plot selected results from the ANSYS analysis. The post-processors can provide many useful
features including a maximum set of variables (such as stress components or displacements) or
sectional stresses along a designated path. Additionally, the structural behavior can be viewed by

‘model displacemenf and stress contour plots.

21012 RBCUBED

RBCUBED [33] is an impact limiter analysis computer program developed by NAC and used in
the Universal Transport Cask impact limiter analyses. RBCUBED utilizes quasi-static
methodology; that is, each iteration freezes an instant in time during which all calculations are
performed, and then, proceeds to the next time increment. The methodology employed in the
program sizes the impact limiter and calculates the deceleration forces used to calculate the
stresses imposed on the cask structure, but does not implement any load factor. There are several

assumptions that are attendant to this methodology:

1. Gravity is the only force that acts on the cask during free fall. While falling, the cask is
translating vertically and continues to do so until the initial (first) impacting end has been
brought to rest. In oblique and side-drop cases, after the first end has been stopped, the
cask rotates until the second limiter strikes the unyielding surface and absorbs the

remaining kinetic energy.

There is no sliding or lateral motion of the cask at any time during the impact(s).

to

3. The cask weight includes the impact limiters, but the length of the cask does not.

4. The deceleration force generated during crushing of the isotropic energy absorption

material acts at the centroid of the area engaged in crushing for that increment in time.

5. Crushing of the energy absorption material occurs from the outside toward the cask body.

210122
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6. The component of the cask weight acting downward and the crush force acting upward
are assumed to act colinearly. The magnitude of the weight component is very small

compared to the crush force.

7. The impact limiter material that is not between the cask and the unyielding surface does
not absorb any kinetic energy. The extraneous limiter material is ineffective for the

purposes of this impact limiter analysis.

RBCUBED is capable of analyzing any cask impact orientation from vertical (0°) to horizontal
(90°).

The input data for RBCUBED includes the following: (1) height of drop; (2) weight of cask
system; (3) cask length; (4) impact orientation angle; (5) deflection increment; (6) material crush
properties (stress-strain curve or force deflection curve); and (7) impact limiter geometry.
Geometric modeling of the impact limiter is performed using combinatorial geometry based on

the MORSE-CG computer program.

The output data from RBCUBED includes the following: (1) a verbatim input return; (2) a
processed input of general problem parameters and material properties; (3) the results of the
RBCUBED execution—deflection; (4) resultant force; (5) remaining kinetic energy; (6) velocity;
(7) elapsed time since the beginning of impact; (8) area currently involved in crushing; and (9) a

series of crush “footprints™ at crush intervals of one inch.

The computer program, RBCUBED—A Program to Calculate Impact Limiter Dynamics, is
benchmarked for validity by comparison of analysis results to manual calculations using crush

areas determined by drafting methods.




THIS PAGE INTENTIONALLY LEFT BLANK



SAR-UMS® Universal Transport Cask | June 1999
Docket No. 71-9270 ’ Revision UMST-9%A

Finite element analysis methods are used to perform the stress evaluation of the Universal
Transport Cask for normal and accident free drop conditions. Each drop condition is analyzed
using a three-dimensional model. All primary structural components are modeled using ANSYS.

Figure 2.10.2-1 shows the major components of the cask represented in the model.

As shown in Figure 2.10.2-2, the model corresponds to half (180°) of the entire cask. The cask
body is represented using solid elements, beam elements, contact elements, mass elements and
spring/damper elements. The cask components identified in Figure 2.10.2-1 are modeled using
SOLID45 three-dimensional eight node brick elements. Associated with these elements are the
material properties defined in Section 2.3. Specifically, they are employed for the steel cask
components and the NS-4-FR in the neutron shield in the cask bottom. The lead comprising the
radial gamma shield is modeled with a reduced modulus of elasticity. Using the stress strain
curve from [44] for the largest strain rate (.0231 in/in/sec), a secant modulus of 40,000 psi is
computed based on a 5% strain, and Poisson’s ratio is set to .4999. This approach is used to

simulate the low yield strength of the lead.

The lower neutron shield, gamma shield, ligaments, and bottom ring (in Figure 2.10.2-1) require
the use of CONTACTS2 line elements which only allow compression to be transmitted between
the nodes. The neutron shield, gamma shield, and bottom ring are connected to the model only
through the CONTACTS52 elements. No friction is assumed to exist between these components
and the adjacent cask body elements, which introduces a slight conservatism in the model. The
size of the gap associated with the CONTACTS52 is taken to be zero in order to maximize the
compressive load from the lead onto adjacent shells. In the drops, it is expected that the lead fills

any gap between the lead and the shells.

The two ligaments form the bottom boundary of the lead cavity and separate the bottom ring from the
bottom of the lead. Additionally, the ligaments support the bottom of the inner shell. Connection of
the ligaments to the shells is provided by a full penetration weld at their inner radius to the inner shell
and at the outer radius of the ligament to the outer shell. While the two ligaments are adjacent, they
are assumed to act independently of the other ligament. This is accomplished by connecting the
adjacent nodes between the ligaments with CONTACTS2 elements.

CONTACTS?2 elements are also employed to model the compressive force of the lid onto the

upper forging.

210.2-1
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The bolts and preload are modeled using BEAM4 elements. They are used to simulate the bolt
head, the bolt shank and the bolt threads. The bolt circle annulus region is a reduced stiffness
volume used to model the hole pattern for the bolts.

Mass elements (MASS21) distributed over nodes on the exterior surface of the assembly are used
to adjust the mass of the model to account for components such as the radial neutron shield and
impact limiters. Minor adjustments in loading to the shells and the overall mass of the cask is
made possible with the use of mass elements. This flexibility allows for the inclusion of

component masses not initially model (i.e., spacers).

e

210273
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Figure 2.10.2-1 Primary Components of the Universal Transport Cask
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2.10.2.1 Toad Application and Boundary Conditions

The four categories of cask loading considered in the free drop event are closure lid bolt preload,

internal pressure load, thermal load, and inertial body load.

1.

Closure Lid Bolt Preload. The required total bolt preload on the cask lid bolts is 5.4 X107
nservatively applied to the model by

Ib, as calculated in Section 2.6.7.6. Bolt preload |
imposing initial strains to the bolt shafts x10° Ih. The bolts are modeled as beam

(ANSYS BEAM4) elements.

The standard technique for applying bolt preload to a finite element model is employed. The
bolts are modeled using beam elements, ANSYS STIF4 elements. Each bolt is modeled by
four beam elements, two that represent the bolt head and two that represent the bolt shaft.
The two bolt head elements are defined by three nodes that are an integral part of the non-
threaded plate. The bolt head elements are assigned a stiffness of 10 times the actual bolt
stiffness. The first bolt shaft element connects the center node of the bolt head with a node
located at the top of the threaded hole. This element represents the portion of the bolt that is
not engaged in the threaded hole. This portion of the bolt will be in tension due to the bolt
preload. The second bolt shaft element connects the node at the top of the threaded hole with
a node at the bottom of the threaded hole. This element represents the portion of the bolt that
is engaged in the threaded hole. The two bolt shaft elements are assigned material property

values (area and stiffness) equal to the actual bolt properties.

The effect of bolt preload is imposed on the model by applying an initial strain to the bolt
shaft. The initial strain is applied only to the beam element representing the portion of the
bolt shaft not engaged in threads. The initial strain values, which result in the required
preload values, are determined by first running ANSYS analyses on the three-dimensional
models with a “trial” initial strain, applied to the bolt shaft element, as the only loading
condition. The resulting beam element force (from the element representing the portion of the
bolt shaft not engaged in threads), is then used to ratio the trial initial strain to a value that
will result in a beam element force closer to the actual bolt preload. This procedure is
performed iteratively until the beam element force is effectively equal to the actual bolt

preload.

21025
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The trial initial strain values are first determined by performing hand calculations of the
value of P/(n x A x E) for both the inner and the outer lid bolts. For the cask lid bolts, the
calculation considers a required total bolt preload (P) of 5.9 x 10° Ib pounds for 48 bolts,
a quantity (n) of 48 bolts, a bolt cross-sectional area (A) of 2.77 in.? per bolt, and a
Young’s modulus (E) of 28.3 x 10° psi.

2. Pressure Loading. A pressure of 150 psig is used to conservatively envelope the normal -

gondxtlonswaég?gﬁfg pressure of 25 psig for all impact loadings considered.

Inertial loads resulting from the weight of the cask contents are imposed by applying an
appropriate deceleration factor to the cask contents. The applied decelerations are
determined by considering the crush strength and the geometry of the impact limiter. The
inertial load resulting from the contents design weight is represented as an equivalent

static pressure load uniformly applied on the interior surface of the cask.

The pressure load for the canister with fuel is applied to the cask body using a cosine-
shaped pressure distribution. To account for the total load of the contents and overall
package weight, the mass elements were modified until the total force sum for a 1 g load
equaled the total weight of the package. Using this method, the overall deviation from

the actual package weight is less than 4%.

Gap elements are defined at both ends of the cask to simulate the pressure applied by the

impact limiters during drop conditions.

Pressure loading—<cask end drop

For the end drop analyses, the contents weight is assumed to be uniformly distributed on
the cask end, over an area determined by the inside diameter of the cask. Therefore,
one-hulf the contents weight of 74,203 1b and the cask cavity inside radius of 33.8 in. are

used to calculate a contact pressure of:
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Mass elements located in the shells to account for the spacers bring the total mass of the
contents to 75,903 1b. Note that the calculated stresses are ratioed.up fo account for the
actual contents weight of 77, 432 pounds:

This pressure applies to a 1 g loading condition. Pressure values for the 1-foot and
30-foot end drop analyses are determined by ratioing this pressure by the g-load values
applicable to the specific case, which are documented in Sections 2.6.7 and 2.7.1.

Pressure loading—side drop

The inertial load produced by the 74,203 1b contents weight is represented as an
equivalent static pressure applied on the interior surface of the cask. The pressure is
uniformly distributed along the cavity length over a section equal to the length of a
173.75 in. canister, and is varied in the circumferential direction as a cosine distribution.
The maximum pressure occurs at the impact centerline; the pressure decreases to zero at
locations that are 57° either side of the impact centerline, as illustrated in Figures
2.10.2.1-1 and 2.10.2.1-2. The method used to determine the varying pressures on the

elements within the 57° arc is presented in the following paragraphs.

The following formula is used to determine the contents pressures for the side drop
analyses, which vary around the circumference. This method uses a summation scheme

to approximate the integration of the cosine-shaped pressure distribution:

6
1':lolal = zpmdx Ai cos (el) Cos (61,)
i=1

e

"2

(=)
=

"
b
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where Fiot = 37,101.5 Ib (cask contents weight is 74,203 1b)
Prax = maximum pressure (at impact centerline)
0; = average angle of subtended arc of i element measured from

centerline at point of impact, to obtain vertical component of

pressure
1 = i" circumferential sector
0% = normalized angle to peak at 0° and to be zero at 57°
= 6 (%)-) = 1.5789(6;)
57
A; = i"circumferential area over which the pressure is applied

= R (AB)(/180) L

AB; = increment of the angle corresponding to arc length of i™ element
R = inner radius of cask = 33.8 in.
L = canister length = 173.5 in. (shortest canister length)

As previously noted, the calculated Siresses. are. ratioed Up_t0" account for the. actual, CORTORE
weight of 77, 432 pounds.

Cormner and oblique drops (accident conditions only)

For the cormer and oblique drop analyses, the contents pressure loading is a combination of the
end drop pressure load and the side drop pressure load. The corner and oblique drop pressure
loads are determined by breaking up the contents pressure load into longitudinal and lateral
components, based on the drop angle. The longitudinal component is applied to the cask end, and
the lateral component is applied to the cask inner shell as described previously for the side drop

case.

2.10:2-8
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Effect of increased mass on side and oblique drop analyses

An additional mass applied to the cask shells accounts for the mass of the spacers.
Therefore, the effective content weight is 75,903 Ib and the total weight of the cask model
with contents is 252,444 1b. To offset design changes made after the cask analyses were
complete, the side and oblique drop stresses were increased by 2.7% (affects only the 1-ft
side drop, Tables 2.6.7.2-1 through 2.6.7.2-8; the 30-ft side drop, Tables 2.7.1.2-1
through 2.7.1.2-4; and the 30-ft oblique drop, Tables 2.7.1.4-1 through 2.7.1.4-8).
Therefore, the final effective canister and cask weights are 77,952 1b and 259,260 lb,
respectively. These values bound the maximum canister and cask weights reported in
Table 2.2-2 (:]:7,4}32 Ib for the canister and 255;055 Ib for the cask).

0l Rodedoe

3. Thermal. According to Regulatory Guide 7.8, three credible fhermal conditions must be

considered.

Condition 1: 100°F ambient tempefature with maximum decay heat load and maximum

solar insolation.

Condition 2: :20°F ambient temperature with maximum decay heat load and no solar

insolation.
Condition 3: -40°F ambient temperature :mfhwio decay heat load, and no solar insolation.

Conditions 3 is not evaluated because it results in a uniform temperature within the cask
body and only thermal stresses, associated with differential thermal expansion between
dissimilar matenals, are generated. These thermal conditions are bounded by Condition
. The heat transfer analyses performed in Section 3.4 determine the cask temperature
distributions for the following combinations of ambient temperature, heat load, and solar

insolation:

Thermal Hot: maximum: decay heat generation, .ambient’ temperature =.100F.
FTT T e e e s s g
with.full solar insolance

Foaq T T R R ST A Y Y T T R TR (S TRATY CTUNE 0 T A NN TP R Y DR D PR e e
Thermal Cold: maximum decay heat generation, ambient temperature = -40°F, no
solar insolance

TR —

2.102:9
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The cask temperature distributions calculated for Conditions 1 and 2 are used as inputs to
‘the ANSYS analyses. The ANSYS analyses determines the stresses arising from the
thermal expansion of the cask from its initial 70°F condition, including the effects of the

differential thermal growth within the components, which are a result of the temperature
difference across the cask walls. The cask temperature distributions are also used in the
ANSYS structural analyses to determine the values of the temperature-dependent material

properties.

To apply the appropriate temperature distribution for thermal stress calculations, a
thermal analysis run is made using data taken from the cask thermal analysis (as
described in Section 3.4). The temperatures for the structural analyses are obtained from

the thermal results.

4. Inertial body load. The inertial effects, which occur during impact, are represented by

equivalent static forces, in accordance with D’Alembert’s principle. Inertial body load
include the weight of the empty cask and the weight of the cavity contents. The cavity

contents is comprised of the weight of the canister and the spacers.

The weight of the spacers is included in the weight of the canister and content, Gap
elements are defined at both ends of the cask to simulate the pressure applied by the
impact limiters during drop conditions (based on a cosine distribution). The stiffness of
the gap elements is varied as a cosine function from a maximum value (1 x 108 Ib/in} at
the line of impact to a lower value (2.4 x 10’ Ib/in) at an angle of 57° from the line of
impact, and a minimal value (100 1b/in) from 66.5° to 180°). The load distribution that

results from the crushing of the impact limiter is shown in Fig. 2.10.2.1-1.

2.1022-10
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Figure 2.10.2.1-1 Cask Body Loading for Side-Drop Conditions
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51033  Dosi-Processing of Results

Table 2.10.2.2-1 defines the components and temperatures used in the processing of the cask
body results. The post-processing evaluates stress sections at every circumferential node (every
10° from 0 to 90° and every 15° from 90 to 180°) at each axial location (see Figures 2.10.2.2-1
through 2.10.2.2-4 for diagrams of section locations) and determines the section stresses where

the maximum stress intensity occurs. In addition, the angle where the maximum stress intensity

occurs is noted.

Table 2.10.2.2-2 provides a listing of the locations of the sections used in the stress evaluations.
These coordinates correspond to the model coordinate system. Sections are generated at
circumferential locations around the cask body (every 10° from O to 90° and every 15° from 90 to
180°) based on these coordinates at 0°. Figures 2.10.2.2-1 through 2.10.2.2-4 depict the sections

used in the post-processing of the cask body results.

The allowable stress limit criteria for containment and non-containment structures are provided
in Section 2.1.2. These criteria are used to determine the allowable stresses for each cask
component. The maximum operating temperature within a given component is conservatively
used to determine the allowable stress throughout that component. Note that higher temperatures
result in lower allowable stresses. The set of cask component allowable stress values is
determined for the most conservative temperature conditions that occur in the cask during normal

conditions (100°F thermal heat condition evaluated in Section 3.4).
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Figure 2.10.2.2-1 Lower Cask Body Section Locations
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Figure 2.10.2.2-3

Figure 2.10.2.2-4

Cask Body Sections at Center
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Table 2.10.2.2-1 Component Section and Temperature Definition
Component Section Temperature
Number Component Numbers (°F
1 Bottom Plate 1-4 218.0
2 Bottom Forging 5-9 2254
3 Ligaments 10-13 367.7
4 Outer Shell (bottom) 14-15 322.6
5 Outer Shell (middle) 16-21 322.6
6 Outer Shell (top) 22 322.6
7 Inner Shell (bottom) 23 367.7
8 Inner Shell (middle) 24-30 367.7
9 Inner Shell (top) 31 367.7
10 Top Forging 32-36 274.7
11 Lid 37-40 267.9
12 Bottom Ring 41 2254

2102016
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Table 2.10.2.2-2

Stress Section Locations

Node 1 Coordinates (in.)

Node 2 Coordinates (in.)

Section No. X Y Z X Y Z
1 11.268 0 0 11.268 5.0 0
2 22.537 0 0 22.537 5.0 0
3 38.555 0 0 38.555 5.0 0
4 38.555 5.0 0 41.305 5.0 0
5 11.268 6.0 0 11.268 10.25 . 0
6 22.537 6.0 0 22.537 10.25 0
7 33.805 6.0 0 33.805 10.25 0
8 33.805 10.25 0 35.805 10.25 0
9 33.805 11.0 0 35.805 11.0 0
10 35.805 9.5 0 35.805 10.25 0
11 35.805 10.25 0 35.805 11.0 0
12 38.555 9.5 0 38.555 10.25 0
13 38.555 10.25 0 38.555 11.0 0
14 38.555 9.5 0 41.305 9.5 0
15 38.555 11.0 0 41.305 11.0 0
16 38.555 35.019 0 41.305 35.019 0
17 38.555 59.037 0 41.305 59.037 0
18 38.555 83.056 0 41.305 83.056 0
19 38.555 107.074 0 41.305 107.074 0
20 38.555 131.093 0 41.305 131.093 0
21 38.555 155.111 0 41.305 155.111 0
22 38.555 179.13 0 41.305 179.13 0
23 33.805 16.0 0 35.805 16.0 0
24 33.805 32.016 0 35.805 32.016 0
25 33.805 53.782 0 35.805 53.782 0
26 33.805 75.549 0 35.805 75.549 0
27 33.805 97.315 0 35.805 97.315 0
28 33.805 119.081 0 35.805 119.081 0
29 33.805 140.848 0 35.805 140.848 0
30 33.805 162.614 0 35.805 162.614 0
31 33.805 184.38 0 35.805 184.38 0
32 38.555 185.13 0 41.305 185.13 0
33 38.555 191.0 0 42.63 191.0 0
34 33.805 191.0 0 35.805 191.0 0
35 33.805 196.25 0 42.63 196.25 0
36 39.18 201.5 0 42.63 201.5 0
37 13.028 201.5 0 13.028 208.0 0
38 26.057 201.5 0 26.057 208.0 0
39 33.805 201.5 0 33.805 208.0 0
40 34.93 201.5 0 34.93 206.0 0
4] 35.805 8.0 0 38.555 8.0 0
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2.10.3

RIS S 0 ]

tion. 1mpac!;§

mgdgl;ani,scalcd ,1,mp:4§fs lnmt@_rg OITCSPOIldedto{ '
the NAC-UMS?® Transport Cask.

2.10.3.1 Confirmatory Testing Program Results'Summary

AN

Three 30-foot drop tests. were performed at the. drop. testifacility at. the Oak Ridge: National

Laboratory.The cask orientations for the three drop.tests :were;

i Topenddrop

Side drop

,._
1A
4 leds

o T T R, Pleglt el s e et SR S
., Top corner drop (CG.over corner)

iv—;-- 0 ey

:10.3-1
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would record the vemc

AR R

toﬁ N xtract accelerahons, Wthh ‘were - compared to the : acceleratlons calculated

thg;_n,m_g LFOC

1mpéct

The resultmg 30-foot. dggp test accelerations_(divided by four to convert the:
.convert them to_a full-scale.r
along with the RBCUBED calculated design-basis. values. are  presented as follows‘fo"‘ ﬁ‘jéf? TVISS

full-scale model) and.crush strokes. (multiplied by. fourt

LY ST e b e s

f-raﬂsport CaSk lmPaCt hrmter des1gg;ngh_ 3 Values for the RBCUBED calculate
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Maxunum Scale Mammum
Model Impact Scale Model
Llrmter Crush

o Strokex4

Drop Test (in)

Crush Stroke

ﬁ«a“‘&

Top end drop 8.0
Side drop

Top corner drop

In rewewmg the 30-foot. slde drop test acceleratxon result

Srore et o it

noted.

cask possesses a sufficient depth of wood to absorb all of the energy'o

any orientation.

ns determine

The maximum accelerati

o

to, the de31gn basm values used to evaluate the UMS transport cask components for a
30-foot drop accfdent
3. The impact lirniters Temain attached to.the transport cask boﬁ?

2.103.2 Description of the UMS® Cask Scale Model for the 30-Foot Drop Tests

attachments The quarter-scale model was only requ1red to represent the'zmatenals and physwal

body.. To properly represent‘th wexgh and the-location:

A2t e -y S

the mass moment of - mert1a a seris S of f weight disks (circular s steel plates) ‘were positioned inside
the pipe. ‘Three of the wei ght disks were~4;1nches'*th1glgiﬂhlle a fourth: was 4.5 inches thick. :’ The

ot s it Bl

actual location ‘of the. plates and the; corresponding axial location. of -the: center; of - gravity :are
shown in the model drawing 790-301; Sheets 1 through 3:

2:10.3-3
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RthlCh 1 closely. approximates . 1/4
pounds:

diameter and length Of the cask HIGNE HUNNIONS, Wele W
outside diameter of the top end plate!

shleld bottom end plateii;fThe bottom plate tlucknes§5'1?§‘dt’isce edfsinEé

P R Ty

maintain. the position. of the welght disks:: The lengths of meJacem were desi.

Thed To propery

210354



SAR - UMS® Universal Transport Cask June 1999
Docket No. 71-9270 Revision UMST-99A

Vosf'on the CG\of&tllascale Modcl packasge 51 his ensures.that.

w».&d

that as demgned in the full—scale‘l IN

ation of the:ed od nd b

dsi S fabricated From SALL

Aertbendiobodhnct

stam]ess steel

The model 1mp_act hrmter shells‘“’

i T RIS

e "od’ “screwstube’ mcreased b’iii y TACtOL OF .

heregl'0n§6 thcf;lm' acthmltéi‘

are ot located in the primary crus
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LRl SAS U Sl Lo

Acceptance cntena’was estabhshed only for,

L i N e o e e ki e

DI The crush stroke be limited

60 tons, Wthh is approx1mately~30 times: the te’st‘wexght"”f the’ UMS . quarte
60-ton weight of the pad is considered {0 be conservative, since the pad.re
column of reinforced concrete that.extends vertically down 10 Tect (o Badr
which is the impact surface of the pad, 18 6omch thick sieel pIate]

R B ™ TR

Llftmg and dropping:-the ‘model: was: performed .with. -

W T
To BT P e g A% Lot

>nsion - System . in - CONjURCHON S Withe an. exDIOSIV .cable‘cumng i,
mechamsm ‘allowed the free 1all: of the package 0. besinitiated incan a
minimum perturbation to_the angular positon. of.the. model or its Jatera

the pad surface,

AT o

210356
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AT

required 10 be.collected throushout.ea

D ——

Number.of

Drop Test AcCelerometers

Top_end drop 3

Side drop 4

Top comer drop B {L‘wo a@glggmete e

B10.37
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was focused to record an overaH view of the impact and to verify the oric

P e o5 S

¥ e s e ey

the impact was initiated.

L patioss]

210.3:8
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21035  Filter Frequency Identification for the Accelerometer Data

and jhé”aﬁii&ﬁé’dmp impact orientation is, likewise, similar to, th&,él@&.drog;

2.10.3.5.1  End Drop Orientation Filter Frequency Determination

the'shf 1. weldment (2,107 pounds)‘ and the‘*'lid*()157‘ﬁ’b‘uﬁdé)‘* and the bottom: test: weight (134

The. mass: (les
Y'Of the Systermn 18

pounds) The total ‘weight (W) of .these components_is ' W.= 2,398 pounds,
computed as 2,398/386.4 or 6.21 1b-sec’/inch.; The equivalent.axial stiffness |

K=AxEL

Where

A = cross sectional area’of the model body =111:5:in]
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[ acaats:

Subsututmg,

f= 533 Hz

response of the snell of the body of the model]

2.10.3.5.2  Side Drop Filter Frequency Determination

Ixi the 51de drop (honzontal) onentatuon the load in: the modcl bodvmﬁ?w sferred 1o the

Eb ekt

computmg the natural frequency due to: the,shear and the cgrrespondm g frequency.due to. ﬂexure
and then’ ‘combining, therm)

The natural frequency for. the mode. shape. due. 1o’ Shear or. freeZfree end. boundary, conditi
(fs), is given by:




SAR - UMS® Universal Transport Cask June 1999
Docket No. 71-9270 Revision UMST-99A

Where;

AT s e LS

| émée between sugp mgcdiends by the limiters.

fene oy e

M -—;;bza

v = Poisson’s ration = 0.3

For a 20-inch diameter Scheduls, 1608 pipe

b=8032in
2=10.01n

Therefore.

k=054

Substituting,

s

o e ey

The_natural.frequency. for;,

R A R R e S A P e o Sl
thezmode:shape:due’ to:bending:

conditions, (fb),.i8 given by:
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=2,281/41.3/386.4

LE

Substltutlng,

Pt e

871.Hz

i ta M Sl il DY

fc=424 Hz

The filter frequency for the side drop is selected to be 450 Fiz,
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210.3.6

PR s

rii_thé:?retaiﬁing\;ro

i

30 foot dr p‘?hexght
torquc;;specxﬁcatl‘ons‘were“met's

e‘ torq ;

= o

.the odel 1mgacted th drop_i,tes “fag t ad;as

Sroma s e gt

iﬁi’fﬁilu?féé’fddi’dfdﬁ impact;

2.10.3.6.1  Impact [imiter Deformation and Attachment Data

i e s g e P S A Ty

mspected, whereupon 1t was obsegged that the rods had undergone plastlc buckhng*

2103:13
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2.103.62  Accelerometer Data

I e e

of the trace S

Attow = N (A (G =222 (3)

S

Where!

0a=(95+50)/2 =72.5.Ksi (the Average.of the teneile and viold sharams
for SAZ193.Grade B8S)

P103714
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PO RS

d= diameter of the retaining rod = 0.31 inch,

of A;h;:._ matenal. to the wexght qﬁg}h,e, scalq modeL ackag;;
Anow = (MI8.7(06)(52,500)/3.945 = 46.9.(2)
Where:
d = Thickness of the scale model impacf limiter shell is 0.06.
Ga= (15+30)/2 = 52.5 ksl .. (the average of the tensile. and'meld strengths at 70°H
for Type 304 stainless steel)
[ = model weight = 3,945 pounds.. (3.81 1 pounds for the. model body. and. 134
pounds for the test weight representing the bottom impact limiter)
3.  If the entire area of the redwood in the scale model impact limiter (outside diameter.= 31

mches) would mstantlv initiate crushing; the. force apphed 10. the model f‘og decelera ion

intial crush strength of . gbe redwood to. ",,g_welght of the scale. mod_g_l&ga_tckage,

Anow = (U1 A6A0Y4.078 = 118 (2)
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gquwalent-_amal; ,st1ffness (K) of=thé systemis;

K. = A x E/L=48.1 E6 pounds/ inch

Where:

sectional arca (back.area) of ﬂ‘iéi:ffédﬁ‘faéd:.-,.,-f';j(&rjg‘)i%’i;’{s;

Ejj modulus of elasticity of redwood.

= 8 inches (10.75-2.75)

The corresponding natural frequency is:
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confmn ‘that  the initial

;%;g:éelerometer and;therefo e, filtering the

] ,\;a§§bﬁia“‘ted{ vel
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TS T S e e

redwood s pelpendlcular to the dll‘CCtIO

unpact hrmter whxch mcluded two rtetaining rods and.

e e ey

c1rcumferent1a1 edges of the test sectwn correspond 10 the ¢ cxrcumferent:al’?ml
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Scction.mode] Used the same design.and materials for the, retainin
the 30-foot end drop testi

between the hcl_, vg_hlch onnecte

e Tl e L Ao S o LN

usmg aT Tlmus Olsen teshnggacmn caLbIe o‘;pp,y“g 500,00 gounds of _compressi;

tirmes.the force value observed e

scale model is: (Fioad4,033) - %

T TAAD e s

quarter-scale model

computed by integrating the area. under the: force—deﬂecuon curve,.- I, me’%_&d drop:orientation:

£110:3:19
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SETICTICI.te te s e yeen aon

z"ﬁbdel welgh t=4,03;
D height = 360 inches

il AN LMY

5

These values mdlcate that the boundary conditions were: satlsﬁed_,

2. Nomalfunctions of the equipment or inStrumentation wers oxpenenced]
3.
mclude the;prevzously mscusscg_jgeomd dynamlc*loadi'?if“
respectively.
4,

... These values corresponddo the condltxon»~:~:

energy abSObed by the’ modcl hxmter sectlon equal g
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Static Test

[ (base liné case)
b (without the sciew, wbe)

5103772  Static Test Observations

ime
!1"

larger than the design without the screw tubes;

3. The ax1al secuon of the model 1mpact hmlter“shell at’ the 18, 7-1Iich diaineter nexgo the

C: : factogggithe‘statlc test
force results by four. and. the accelerations by 1/4; Thc factored “Values are compared £g

SR

the&BleB_ED results from Table 2.6.7:5-2 as follows}

e

P:10:3-2T
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Quarter-scale
cale | Acceleration -scale Crusk ACceleration
Crush x 4 Divided by 4 (Table 2 6 7 5-4) (Tableia,é.?.SA)

et s

(in) (2)
13.0 43.5
14.8 42.2

porwrne

\E.

For_the maximum acceleration case, the Static. Test, resuit

analyses.

2.10:3.7.3  Summary of the Static Tests

statlc tests conﬁrm thé vahdlty of the RBCUBED program analyses of ;
limiters.

2.103.8 Results/Evaluation for the 30-Foot Side Drop Test

TR

Iongltudmal axis was effectlvely horizontal at the time of impact on. the drop test pfﬁ?

2:10.3:23
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210381  Impact Limiter Deformation and Attachment Data

After the s1de drop test, the scale model package was lifted off the ground and placed on. a
temporary. support to remove the impact limiters. Upon removing the upper impact limiter, it
yygs}_qbsemedﬂgl;gt the three reta1mng*rods nearest the. impact plane were broken, The remaining
13 of fthé”“i“é" Tetaining rods were intact and were still threaded into the model body.. Upon
removis ,)mg the bottom 1mpact Timiter, it was observed that all of the retaining rods were intact and
results. in - "that_both impact limiters

were_ still threaded into the model body. .
remained attached to the cask model during and after the s1de drop test.

Measurements of the deformed model impact limiter dimeﬁsidﬁs}ﬁvéfé “obtained after the side
drop test ‘which. allowed the crush stroke to be determined. These dimensions are tabulated..in
lowmg, along w1, . ratloed full scale crush strokes and the crush strokes calculated by
the RBCUBED Impact hrmter program In order to ratio the quarter-scale model test results t0

hlgh Speed c:;
1mpact the hmlters rotated (tllted) shghtly upward on the ends of the model body
this rotation, the porti ‘n of the 1mpact Limiter opp031te the. impact plane “actually was pressed
against the end of the model body. This resulted in some nonuniform crushing of the redwood
(the I@dWQQ@,pQ& tion wd_;between;the side of the model and the impact plane). The crush stroke

reported below is the maximum crush stroke for the redwood outside the trunmion citout region;

Quarter-scale | Quarter-scale | RBCUBED calculated
Quarter-Scale model impact 1mpact hmlter re&@o%msﬁ
Model limiter crush (Table 2.6.7.5-4)
Side Impact (in) (in)
Upper limiter 2.94
Bottom limiter 2.86

The ratioed crush strokes from the side drop. test for the quarter-scale model impact limiters.is
enveloped by the RBCUBED analysis of the full-scale UMS® impact limiters, for. a 30-foof.side
drop accident,
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g e 5 T A e

thi remamder'o ‘the“hmlter ,ut d1d

cutouts: were - incorporated: | refer o

T At thiacy

2¢10~§82 ‘Accelerometer Data

IR T

1s shownﬂm Flgur“f‘?Z 10.3. 5

a4 gmﬁ‘cant’ positive peak”ﬁEééleréiﬁbgﬁiiﬁs”follﬁ%@dﬁﬁ{'
another 31gmﬁcant negauve peak acce]erauon The average of the twc sets of accelerometers % (at

B-103:24
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Quarter-Scale Model

FUll-Scale Negative

Pe:

Wccelerations /.4(g)
Negative

FreTnrmeE T

Acceleration

(Table 2.6.7.5-4)

Upper impact e

sy

Bottom impact limiter

B
[ovy
3
D

he behavior of the UMS® scale model packas

the associated acceleration data, the quarter-scale model of the N,

i e pm

was compared to the UMS® quarter-scale model. Significant feaft

Item

Quarter-Scale Model Comparison

Axial length of overlap of the
model body and the impact
limiter

2.75 inchies

for the side drop

Impact limiter energy absorbing
material for a side impact

Redwood with graim paralle]

to crush dirsetion

Outer diameter of limifer

Metfiod i réprésent the contsais
weight in the scale model

Scale model diameter in the
overlap region of model body
and upper impact limiter

R ey (e

21.7.inches

Model Weight

A R ad

4,033 pounds

3,906 pounds

Apparent duration of the impact
for the side drop (obtained from
the acceleration traces)

18 milliseconds

2R e A e

9.3 milliseconds

Bi10.3:25
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Wwwwx'zw

yositive:acceleratio
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that of the unpac &5

RIRE 5

”’mmdx afé's=tha deiay




SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

y.(steel pipe
' gvradﬁéc;a~posmva:aééélérbrﬁ“éferareﬁdiiiﬁ.f

wmch is eIlVeloped b ,,.th ‘UMS@"’ -

Sl st el ottt

space’ avallable for. dlsplacement (rather than crugﬁm B?"mé redwoodz

2. An additional stainless steel piate.is incorporated in. the: ur _perxlmgact*hlm er, structi

underneath’ the biock.of redwood located outward. of; the TUNMION. CUtOULS, 0. eNSuTe; the
retention and crushing of that redwood in.the event. "of a side drop. directly.on.a
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Qgggcgg@ggly;t the:NAC:’UMSiquaﬁen-scale model sxde‘dron impa
crush distance) bound the oblique drop condition.

P TY"!%? ety

Iy»th ”same, qt ca

RACSIC | Bl @ %%
NAC-UMS 272 093
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10300  Results/Evaluation for the 30-Foot Top Corer Drop Tes

rque specifications we

proper. weight : and CGl locatmn for the UMS® transportlcaskg

(b e SN o

was very.close to’ the target angle of 23° from _yertical:

Upon removmg the upper 1mpact11m1ter; 1t was. observed thatthe three ‘retalmng*rocb nearecb thq

modcl. J,Jhese results _L_dlcate that,»the uppgg,ggpact lumter remamed’;attached, to;] ;_xgﬂa_.sk model
during and after the top comer.drop test!

TR ST

Measurements .of. the- model. impacts limiter. dimensions (atter.. the  top.. corners dropLtest
obtained to determine the crush stroke.. The measured crush stroke is tabulated. as. follows,.fgl on

R e SN e SN

D:10/3:29
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Cutout region,

e ew—

Upper 1mpact limiter

2.10.3,102  Accelerometer Data

S D SEAEE R IeE R O

acceleratxoli trace 18 shown in. Flgure 2 10 3 7 An nuualiobservatlomsﬁ;

et B A o CHAL R LTV,

v ey

The.. results_ from .the . RBCUBED . Impact.. Limiter..

B S

accelerations determined from the three accelergﬁmcter;traces;‘are:

Quarter-Scale. Model Ouar;er-s,ggnggggj
Accelerations (g) | Accelerations /4.(g)
Negativé Positive | Negative Pdsitive

PR Peak | Peak Peak
Upper impact limiter R 121 b2 Bd

2’10.3-3G
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Figure 2.10.3:2
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Farce (Kips)

3QqQ

72Q

&40Q

56d

4840

4QQ

32Q

24Q j/

1484Q

7

248

Note

496

<743

LTI

1.4%0D 1.587 2.4%4 2,781
1.242 1.739 2.236 2.733

Displacement (in}

T T

Forces: coxrespond 0.

GERAESE

o model. of .

impact limiter. .1 he Torces have been factored. by:1.058:fo account. for‘?the

dynamic Crush strength of redwood,

2.10.3:34

=N
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Force (Kips)

3QaQ

720

coL 1

&4Q /////

u&Q ////

48Q
]

4QQ

32a
//

24Q ///

14Q //

8Q

Q LEST 1.13% 1,703 2.270D 2.838 3,406

283 801 1.41%92 1.984% .54 Z.122

Displacement (in)

Note:

Forces. correspond. o a full quarter-scale. model.of. th jUMS?: pper

account for the

impact limiter. The forces have been factored by.1.
dynamic crush strength.of redwood,

510.3235
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Figure 2.10.3-5
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17.1g for the 1-foot end drop (Table 2.6.7.5-1). The corresponding acceleration time histories
are shown in Figure 2.10.4,1-3:

fl.-foot,drop condl_tlon,,are,'

e T R AP T AT

i The, acceleration time: history. for. the. 1-foot end.drop, condition; obtained from impact
|imiter analysis (Figure. 2.10.4.1:3) is transformed.into. afrucn?;  TeSPONSe. Spectrum. as
shown_in Figure 2.10.4.1-4, using the response spectrum generator.in’ ANSYS, The.zero-

AP Rt B,

period acceleration (>1000.Hz) is noted as 17.33g!

9]

A dal alysxs is mxformed for the PWR and BWR supporz dlSkS usmg the AN§?§

2104-1
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Acceleration (o,
Comseaiently, .

bounded by the design basis accelerations. of :
results are expected for the accident condifions and, therefore

e

2104-2



SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Figure 2.104.1-2
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Figure 2.10.4.1-4
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Table 2.10.4.1-1

R eres |
 Mode
Number;

bRl ]

1O

S

0.000000

0000284

0.000000

£0,000001

0.000000

No

ot

:0.085600

0.007333

SN o0 | ST | FONT | A

Ay

0.000000

Sum =

0

.189383

Missing Mass.=

SRSS Acceleration (gswss) =

R
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0. 013833

?“601899

OO | 15547 | 1ONE | oy | vy | e | i e | 1B - @

@m@gzé

1o

0.000736

10

0495608

Sum =

Missing Mass =

SRSS Acceleratlon (gsRss)
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o)

21042 Side Drop Analysis

Nz

‘model represents a half-symmetry section (1.5.inch in longitudinal: direction) of the cask body

{outer shell, lead shell, inner shell), canister and a support disk:

. natura "frequencxes on"ftl'ie‘?“"'él :

hé”s‘,‘ffo?tir;cgm;&qt:iﬂtétiiééﬁﬁ

g

T, between the support disk and canister:

]

i

botween the canisier and fmner shell

,‘
}

between the inner shell and lead shell;

7 [WF I

¥

between the lead shell and outer. shell!

)auheca"éksurfacedetermmed "b"”v " ‘fh‘e% ‘iihiia“éf*]% xmner’ié*n"“alymsls

Th aximum acceleratlon
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The steps usedtodetemnnethempandtherespoyseaccezergﬁ?nofthesuﬁ”ﬁ’o’f?‘"msg are:

1. The accelerahon tJme hlstory for sxdeii?dro ).€O ‘dmon‘o\tamedffro :Lthe lmpact hmzter

acceleratlons (>1000 Hz) are noted as. 10 38g for PWR (Flg;ng@o 4 ZQZ)Mand as 11, 66g
for BWR (F1 gures 2.10.4.2-8), respectively.

N D S TR AT S R N

4 A modal analysis_ is_performed for.the PWR and. BWR support ‘disks’ ugg;g the
models (Flgures 2 10 4 2 1 and 2_10 i

(gsass) is. calculated usmg the square-root-of-the—sum—of the-squaxes SRSS). method in

conjunction with the absolute sum of the modal. response for closely spaced modes (se6 NRC
Regulatory Guide 1.92). " As shown in Tables 2.10.4.9.1 and 2. 104222, “the ac ‘acceleration
response (ggRss) is_calculated to be 14.995 and. 15. .72 for PWR "and BWR 'SUpport. disks.
_respeouyely. Only,{,th_e in-plane vibrational modes are. considered;

(gnm) from the unpact hmlter analy51s results (.. DLP ’ gsRss) /(g )The DLE ;for,the »P,WR and
BWR support disks is calculated to be 091 (14.09/16.4) and 0.56 (15.75/16.4), respectively,

As shown in Tables 2.10.42-1 and 2104, 2-2, the maximum response. acceleratxox;j_‘or both the PW
and BWR support disks for 1-foot side drop. condition. are. Jess. than. 20g and, | hence e bgﬁ&gdm
the desis ign basis ‘accelerations of 20g for normal conditions of fransport.. Similar Tesults are expected

for the acmdent condmons and. therefore, no further evaluation is performed

e

2.10.4-8
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Figure 2.10.4.2-1 ANSYS Finite Element Model of PWR Support Disk for Side Drop Analysis

TEI LT

Figure 2.10.4.2-2 ANSYS Finite Element Model of BWR Support Disk for Side Drop Analysis

MBS AN U
"‘{Eﬁ&iﬁa‘:!#%y'
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AL S0
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2.10.4:9
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Figure2.1042:3  LS-DYNA Finite Element Model for Side-Diop Analysis

Outer Shell

Inner Shell —

Canister /FQ:}T\ =

2.10.4-10
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10.4.2 PWR Support Disk Acceleration Time History for 1-Foot Side-LIrop

— Unfiltered
- Fil

el
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Figure 2.10.4.2-7 PWR Support Disk Frequency Response Spectrum fc




SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

2.104.2-8 B
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Table2.104.22

BWR Modal Analysis for.In-Plane Vibration Modes (Side-Drop)

Motal Mass = 3.064 slugs

it shee 1

_Mode
Number

i

P | B | RO | Ty

0.000005

104419

0.010488

o ot r=a | v | o

0.001990

0.000004

Sum =

2972437

Missing Mass =

0.091561

SRSS Acceleration {gsrss) =
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s__The replacement of removed: fuel rods”or burnable poison Tods with ods oOf anothet
material, such as stainless steel; or with fuel rods of a different enrichment; and;
o - The insertion of control elements, or. instrument or plug thimbles in guide tibe positions}

cluded as site. ‘_spemﬁc fuel are. fuel assembhes that ar "f’fdxfferent by desmn me the

b_ng_ig_i_ by the structural.eva]uatlon"preseﬁféd*ih' Sections 2.6.and 2.7;
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21111 Miine Yankee Site Specific Spent Fuel

The standard spent fuel assemblv'
14x14f ‘fl‘?assembj‘y .Fuel of the

SorCrais ey

mstalled . Consequently, th1s conﬁguratlon_i “also bounded. bv the wei “the.
assembly. . Since the weight of any of. these fuel. assemblyf”“’onﬁguraﬂons 1s-bounded by the
design basis fuel assembly weight, no additional analysis of these - configurations is required!

A structural evaluatton is. requlred for the support dlSk for the conf g_« urafion . "oldmg consohd ted

with the, remaining poSioNs. either empty. Or ROIding, Staniess steel Tods,. L he calculated weight
for the heaviest. of the two, consolidated fuel Jattices 18 2,100 1bs)

me 'cvstudy 18’ performed to show that thc PWR support dlSk holdmg g MamcéY ankee

Transportable Storage’fCamsteg and that'?the 10a¢ngposxﬁpn’ofime consolidated fuel. assemb]y is
restricted t0 a basket corner. position. (See Section L3 Loy
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e h i A

t.disk

El’he?tw\di”ciix’riéﬁ"s*iﬁiial“ANSYS;iiibdelfu “d”m the Su p

10.3 psi and 17.0 psi, iééﬁééﬁi?éIYE

g

?:I""iii’é‘?’s"tudy T‘-‘E’E‘ﬁs‘i‘d’éf‘s” B‘c’it}if‘t}{é‘“

-foot (20g) and thy 3o-foot‘60g

have the consohdated fueI assembly loaded in posmons’ 2 through; :
applied to the support disk]

¢ aluated_ n
the Ir _z_pdmum stress in the, UMS basket support dlSk gaded with Mame ‘Yankeg fiel, including
one.consolidated fuel lattice is bounded by the design basis PWR fuel J‘evalquuon"oﬁ;tﬁ*éfﬁ’ii' port

L

standard fuel assembhes and ong consohdated fuel §§§emb1 .

TS T e e

J.1-30 respectively.. Lhe minimum. Margms of: Safetv for: tha P
+0.82 and + 0,24, tespectively]
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conclusion,
model (Table 2.11.1.1-1)!
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Stresses’ " Due fo.Maing ‘ankee Consohdated:Fuel';Sr,o:f«the Demgy ‘,%nglg

PWR Fuel Basket Maximum Stresses (Base. Case)

Support Disk Sectional Stress Intensity (ksi) = Membrane
Case Normal Conditions, 20g Accxdent Condltlons_,,_GOg
0° 18.22° | 26.28° 459 0s

Base Case'| [LO0 | [LOO | .00 | 10O | {00
Casel | D96 | 091 | 096 | 096 | 091

Case2 | 095 | 092 | 096 | 096 | 091
Case3 | 096 | 093 | 097 | 09 | DI
Case4 | 0.95 0.93 0.97 0.96 0.91
Support Disk Sectional Stress Intensity (ksi) — e+
Casé Normal Conditions, 20g Accxdent Condm
02 | 18.22° | 26.28° | 45° 02 |
Base Case'| 1.00 1,00 1.00 1.00 1.00

Casel | 0.96 0.92 0.96 0.95 0.96

Case2 | 0.96 0.92 0.96 0.96 0.95

Case 3 0.96 0.93 0.96 0.95 0.96

Case4 | 0.96 0.93 0.97 0.97 0.96
1. Tables 2.6.13.6-16 and 2.6.13.6-17!

o e e pmgy e

211715
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Table 2.11.1.1:2

Section
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9.2

114
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85

13

21

37
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Thermal Case B, Structaral Case 1

o

Section

i)

_. . Stress llowable
Sxy  Intensity  Stress
(ksi) (ks Gsi)

37
21
B4

:38:3
449

Ko a2
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it
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separately contmnenzed to fit the: fuel loadmg positions in the PWR spentifuel basketi

2.11.2.1 Maine Yankee Greater Than Class C Waste

Uruversal Transport Cask i Forthe® ‘sameareasons the vstructural evaluatlon for 3 €4
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TR gy

asket has‘fewer support d dlsksi"ﬂmfitlief Clas

ehsurc that the ‘Worst case: condltlons are: conSJdered, jﬂye‘ cases (Cases 1. throug "35 4,;w1th.d1 eren

s mp s

211.2-2
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T Iy

toag, locatlonSzare evaluatedw hedeﬁ« R IO L P s Ol

g i

concentrated n. four locahzed re _ons Eac reglon has an arca Iess*

ot dbpic it

apphed toa locahzed region Q 5inchin the Z-dll‘CCth

APt teaureed

tQ:"S__,e‘(_:an ;No. 2). ....Note that Sect1ons:~.15through 9.,and S;ecn‘onsl6 are_;used_.for the) e,valuatxonr.of
the basket weldment. Sections 10 through 15 are used to evaluate bearing Siresses.in. the canister

§tf§§$l£ﬁi§§£s)?6ﬁ'12;4,-lgsi occursatSecmtlonNo2forCase?
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Eaaaa Beh A i

Subsecui)n

e S e e e gy

X (Cucumferennal) —--—~~—-—_—,)-"— -----

e
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The hmltmg allowableﬂr ess18.0. 3_3!
Weld metal strength'is much higher:than that.of. thenbase metal?:“‘"- Toma

shear stress allowable of 0.42.S. uis utilized: for accident: (Level D) ¢ condmons Der Al QQ" Code
Section 111,/ Appendix F.
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Secnonal stresses at Secﬂons_No.

pbartbe b

ek e MR TR AN

Momen" (Mx) on ""he weld is. calculated based og"‘the‘ ending. siresses. (Sy)-and. the isection

o sy T A v,

where;
Ay isthe-Area of .the weld (inch)
Si s Section Modulus o the weld.(inch2)

PR Aor o Aoy

Bi11.2:5
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gl;nlmum margmfof ‘safetyafor.kthe?weld ’evaluaﬁon; +0.09

conditions, respectively,

Cani sfe’r’”S”BEiTﬁé%?iﬁ"gf Stress Evaluation

amenoe, o

Bearing_stresses in the canister shell | produced by t the disk section. of the GTCC:

aste.basket
ﬁl‘ts';@faf;‘th%
ST T ey

weldment for the ide drop COI’IthlODS are obtained from the. ﬁmte elementvanalysrls

PSS T S

: Therefore,é‘ the@ evaluatlon

all Cases.’As shown, the maximum beaning stress oconrs in Section 13 for Case 51

Bearing Stresses (ksi)

| Section'10 | Section 11 | Section'12 | Section:13

p

Case 1 1. q 2.5 D4

o B

Case:2 2. 2.6 D6

| O
bt {0
f
{

9
Case 3 5.5 24 2.5
3

Cascd | 53 21 21 21

Case§ ' 62 2.4 2.8 2.3

et} L
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IR o Sase o b b g A
sing formulas in Roar

For normal conditions:
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Su hort: Weldment
e SUDD Sy i 1 R O e Bl AT T

§.h181d gxmnder I Dfl, 48 §&;h
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Sl cpt SRl Rt piy- R sy

e‘ cvaluatlonmoftthe'waste’sbaske -omponents for the norma

P e ——

Where:

The margin of safety fOrnOrMal ANG. ACCI0ent Condiions IS

HERHL
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EOT.the normal condition (208):

s

Where

3. 0 inch; tluclcness of the shield. cvhnde;;
25.9'nch, the mean radius of. f the shield cylinde
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Supgon DlSk

The bending sfress and margin of satety for normal and. ‘accident conditions are calcuiated below,
Allowab]e stress is determined at 300°E]
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mal and accident conditions as Shown below)

Ev e

£

o -

For g

T

the'stre

L

RN SR

s caa ey

The g weld stress is

A"300%F Temperatite 15 used to.determine. the-allowable. stress for the weld evaluation
3/8-inch ‘weld, the margin of safety of the:weld for normal.and accident.conditions 1,
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v G B LR e T R A S ST T e gt

For the n nomlalxcondmo 1.(20g); the :

vely determined at. 500°F1

o Ry T T e TR T Ty TN R e Y R R Ty Tromem |
For the normal condition; the margin of safety is!

T T

For, the ‘accident condition Sthe it margin of. safcty;s‘

BT1:2:14
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R RT

rad and O 012 rad “fo ormal an acc1dent ondmons resg\ ﬁ\?el,

JRap R

Acc1dent Conditions: -0 = 0.012 rad

DHT25
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i

Sry

S

Thé formula for compression stress is.

5o

Note that the margin of Safety s, calculated 107 Do s resses Only.:
T T T 2 TR TR T
negligible as:shown.abovej

HIRAT:



SAR - UMS® Universal Transport Cask June 1999
Docket No. 71-9270 Revision UMST-99A

24, 025 .inch, the mean. radms

i e M e

Shield Cover
The shield cover.is.evaluated: fngeanng stress for;o

R Y A R Ty

drop there-are:two separate:components:b
the, second is. the SUpport. weldment. .ot this evaluation. th
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YT

the

s~ e

The minimum margin of safety. is:

In thegbbttom"fend I drop;, the shield cover. acts.as.a SImMply SUPPOTted. Cliclat, pﬂe’ und;

Fai

TR

a:shield ‘coversweight of z1,303. 1bs > and ‘Table 24, Cdse 103

B

Formulas for Stress.and Strain.: the maximum stress on the cover.is
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The maximumm stress (3, 4t (he center of the plate is calclated by:

[

For the normal condition (20g):
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Support ng
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For the V2 inch weld. the margin of salety is calculated as:

For the normal condition (20g):

For the accident condition (60g):

A42%66,000x0.5

5”\”‘?\' ]
by iy fp B0
ol 2 2 5
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Figure 2.11.2 Basket Finite Element Model Pressure Loading

o T T

2.112:23
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Figure 2.11.2.1-3 Maine

Stress Evaluation
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FHETTIAT

Maine. Yankee GTCC .. Basket Weldment Sectional Stresses for Normal

Condition Side Drop (ksi)

Section

Section

Section

No.1

Seetion | Section

No.d

N

37

[y g
o

x{

i~

No..8

S

el
e
< BN

s

B

)

5

Hon

| (OO

1B

=

i

53
O

i

Bkl

£

fon| o] R

Tpet] £

Bl

{ fov

.\'l‘

Houy
Q

&

i
¥

1607
B

FAC D B

5o

EONY !

b

Gy 1t
o

| o=l ] oo o] e TR

te
[15%]

2] B

s

Table 2.11.2.1-2

Maine Yankee GTCC .. Basket Weldment Sectional Stresses for
Accident Condition Side Drop (ksi)

Section

No.l

Section

Section | Section | Sectior

| Séction

Section

No.4

NS5

T AN

No.8

Case 1

96

4.4

Rersisins

0.7

wules

135.3

119

73

Sk

Case 2

ol

12.0 28:5 8.9

far bt}

Case 3

7.9

st

12.4

12.2

Case 4

8.3

6.7

[-A4H

29.4

26.0

Case §

14.2

11.9

16.9
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Summary.of Maine. Yankee’?GTC

Table2.112.1-3 nkee GTCC
Stress Evaluation

Maximum Stress

Intensity (Ksi)
Normai _ Pu 20
Condmon P v+f:; @5 fl
P 282 nE
Condltlon i?m"' Pb Bél

Table 2.11.2.1-4 Evaluation of the Weld Between the Shield Gylinder and Support Dick

;uw S IR

ﬁbﬁﬁél‘Cbha’iﬂiibn’of‘Tr*ﬁﬁgfj‘Bﬁ Accident Condition v
Case 2 Casé S Case 2 Case s
Section 8% Section 8 Section 8 Section 8
F, (kip) 0.494 0.188 2500 0:403
F, (kip) 6.181 5.677 18400 13120
F, (kip) 0.000 0.512 0,000 1.527
M; (kip) 0.000 0.118 0.000 2136
M, (kip) 0.000 0.000 0°000 D003
M, (inch-kip) 0.000 0.000 0.000 0:000
f, (Kip/inch) 0.247 0.094 1:250 0203
f, (Kip/inch) 3.091 P.957 9200 8696
f, (kip/inch) 0.000 0.256 0.000 0.764
£, (10 klp/mch) 3:10 2.970 9285 8732
Falowante (KS1) 3.375 3375 10.395 10.395
Margm of Safety
i 65 014 o2 HE

¥ Note that. the stresses_on ‘Section 8 for.Case 2’ (Normal Condition) ? are averaged over. an

area from the plane of symmetry 10,5 dégree along the circumferential direction,

211308
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