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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.
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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. KA 
assessment of fuel rod bucklingji, performed.d he bThe_____din Ioad 0ndition for the assessment of 
fuiel rod buckling is the end drop condition. The end drop orienttionmaxiizes not only the 
axial force component that would buckle the fuel rod, buti is aloteorienaion Htathas the 

maximum axial acceleration. Both PWRacnfig osare evaBeledTTh 
ýyaluations show that buckling of PWR or B"R fuel rods does no cu nte P'I 

2I9.1 PWRiFuel Rod Bucklinig-Assessment 

tf t he PWR assemblies to be transported inethe cask, the followmnp 6riare. dentifie(L 

representative asmbis 

i Westinghouse 15 x 15 Std (Class 1) 

_:-Westinghouse 17X17 Std (Class 1) 

* Babcock & Wilcox 15 x 15 Mark B (Class 2) 

* Combustion Engineering 16 x 16 System 80 @2laS 3 

Characteristics of the PWR fuel rods areshown in Table 12-4 a"nd Table 5.2-2.  

2..1..1 Overivwofalsis Methooor 

During the end drop the -fu.el.ro.. isexpted.t tnpact te fel .s~emblyb a.ifhJt d 

itself iill resj•ond as an ia _ bgTunde'_a' suddenWc ompressmin? ladjtbOttomeriThj 
duration of this impact is bounded 1byhe first extensinal m 
C on tri~buti on .of highe r. fr q U• .exension' _ . o~sf t od.wned i]otod..6 

of impact of the fuel rod with the fueeassembly base. 'The fu UPr opn, 
correspod to an ' _ h poesf the( imat, h. crmesiio hefe rod 

will increase to a mraximuimn.an•henretp a.r stge.tsp et 
of, impact_;. as. c.p letlowJ ac n epjNseni . lowest
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ýf rh -o f an' Tex sngle extensionle ii~e wcqhan IS"~~isi ode. a ph 

as.___iyEg~una ~event as-a:sf~ni 

maýss- sxstem;no thedeformation.i gaunng: t 1WJ p t i;sApýgjte'Git Th 

Th~uckifimjd g th&oun < ndi on Latev -aT- s 

gp~t-b a t pint of contact of the ufrJio~d ah 
of the fuel -rod Pellets and cladding is assumed tobe unori ditiue longth~e eng-f, th 
fuel-rod*. In th-e end dropti reuts in the maxi'u giv lbdi ocrrrWza te 
the fuel rod.- 'Tefrtbcln pd hpecrepni oqg iu 

ANSYS Revision 5.2 

Typic~ally,_eigen aluej ucklin pl fo ~tc, eni 

r ssumned that,-the. d~ur tion.,of -th-e 1oqdjigs-s Ufienj~jqij t6 Wa~ JL$ otoexnnen 
~omippite load, evenas thedeformatA onascae t u n scnmn 

loading _the lateral motion, which would7 corthe buckledth 

lowest m~ode shape. The similarity of the, tw hpý.teaqa ynmcmd hp n 
bukin o~ hpe sexpected since both have the sam~e dipaeetbud 

he-s-a me &stiff-n~ess- m'atrixand the same~gy go p~igfinite element equations. i.'e." 

IN] ICJ-L=),[Al.A{4d 

where: 

K=structure'stiffness'nmatrii 
.Eý.elggyenveto
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Srati of f rs t i extnson amdj~qundy~ fl' inrstý larl, mod tfe : fr q~ tod 

fu~1 rodjsietgrud j~ opyn o the DF othb 

drpl ontion~ (St-ee S~Jiectioh2JJ e ,e 4ý :mto r-dki 

g-loatd f ir th' b .kln ode~ shp. eh a is lessr thaf h iteicln 
moder shap fue aI0fotedLr 

2.9.1.r anlo Md S hapei s g 

onF - c 

the be-a --xm elem namc acceleration~ 6-odwih mavlP votents. irl a esut1 iW nT I 

ýqd isdetrmiedK fIpeIetud in teDFt the mdel si ake a Tk 

claddingn loa -te-
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Iae at the botmiýo hfu 

s th PWR uel rd-buckinig .evaluation 
C y o n scamode ot and thjQ ~ po, r k rý 

~Ofoot end dropcondition.  

29. 2 BWVR Fuel Rod Buckling' Asse-s sme ,nt 

Of the BWRa~srý6is to 6erns~re the askfced 
Kqpjq§,qntative assembjies: 

. GE 7 x 7 BWR/2- version GE-2b (lssA 

GE 8 x 8-4 BW/- eso G- Cas4 

I ib 7 x 7BWR/4 2 `6d~~ 

* GE 8 x 8-4 BWR/-6vesion E~-(Class5) 
* -GES - W/- eso GE-10jCa~~ 

The 6-n ------ ' jn jefuelý ý4 

2.9.1, ~ j toU 1:in. thýie~c 

7T&e -4ekling7 

are tore tet 

is consravii~jYj X1
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-gure -2-9-2 ~i -c a-, I, rsIýtr1Md~

ANSYS 5.2 
APR 27 1999 
11: 54: 27 
PLOT NO. 2 
DISPLACEMENT 
STEP=i 
SUB =1 
FREQ=32.658 
RSYS=O 
DMX =26.233 
U 

DSCA=.289025 
ZV =1 
DIST=83.402 
XF =1.965 
YF =75.82 
Z-BUFFER

(

i
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Figure 2.9-3 TyiclFirst Buckig Modepe for F o4

ANSYS 5.2 
APR 27 1999 
11: 54: 31 
PLOT NO. 3 
DISPLACEMENT 
STEP=1 
SUB =• 
FACT=32.B77 
RSYS=O 
DMX -1 
U 

DSCA=7 . 5B2 
ZV =1 
DIST-83.402 
XF -1.286 
YF =75.82 
Z-BUFFER

J
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Fuel ;!9se. caio of of i~aistramtslincpps 

Westinqghouse 15x15St 
(,Class 1) L3 IT 757 39 __ 

L 1,j15-1.88 in. _ - -~ 

Westiipghouse 17x-1,7 Std 
(Class 1) 54ý 7 C84 9-. ifff 4 Llk.J 

Babcock & Wilcox 
5x 15 Mark B (Class 2) 9 11, 272 4845 2.7 153 

4,,=153.68 in. 4____ 

Combustion Engineerin 
-16x16 System 80 4. 19.8 35.j 51.2ý Vtj. 82.'jj8.2 f29" U4t- F ~ 

(Class 3) 

"p eaured from the bottom end of the fuel rqd 

Tabe 2.9-2 WRFuel Rod A7nalysis Summiarv 

~'irsjt First nac is 
Extensionliitra od ýmu uci 

Westinghose 211.5 29.1 Z.26 Q.280 ilk.- 4,Q9 

WeSstinghose 12Z.2 327p49 Z1j~,9j3.  

Babcock &Wilcox 209.ý5 41.0 OJL0 L424& 

Combustion i 200.4 ~ 892.9.09 -0.J-E7804i 
E Inginýiji6i1 

*Maxnum elj~oad DFx6g

2-M
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,Table,2.9ý-3 ~ation of Laeaqqq~nfrBV Fuel Rod§ 

YiZC flf-s E7flw~ On- o-*f ',r -- rr- vrr d

O3E 7 x 7 BWR/4-9 QP&Q 9ZJH ý jO 6ýJ 833 j_4~8 ~IQ~3 ", 3 78, 6"A 
LTwA#163.42 in. __ 

GE'8 x 8-2 BWRI4-6 P.0 288 -0 Q8 034 4'23q L4,7 J.4_ 
L,.=l63.42 in.  

O2E 9 x 9-2 BWRI4-6 P~0,- 2__,8, 41-W,0 -8 8--ý Aqj8 J-23,6 j 4 . 34 
Lro= 163.42_in. ______ _________ 

,,Measured from the bottomn end of fuel rod.

Table 2.9-4 bj3WR Fu-el-R-od 'A~nal-ysi-sS Summax~y

F~u,-el As'sem~bly ClasskBucklIng g .-Load 

GE 7x 7BWR/4-6 10i4.3 
GE 8 x 8-2 BWRI4-6 177.8 
GE:9 x 9-2 BWiRI4-6 64.6
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0.1. ... uter Program Descnptins 

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.  

d -d-. E. i7ANSYS 

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 

cap elements provide the capability of realistic modeling and evaluation of the interactions 

between the lead layer and the surrounding stainless steel shells; between the top forging, 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 

identifiers for cask components, model displacement boundary conditions and prescribe 

temperature, point loads, or surface tractions of appropriate element faces or nodes. The PREP7 

graphics option is a valuable tool that permits the user to check the model for completeness. The

2.10.1-i
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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, Post1) 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 displacement and stress contour plots.  

Zq. 1-.1.2 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.  

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

3. The cask weight includes the impact limiters, but the length 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.
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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 

(900).  

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.
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2_.10.2 Finite Element Model Unversl TranspOrt Ca 

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 inlin/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 CONTACT52 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 CONTACT52 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 CONTACT52 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 CONTACT52 elements.  

CONTACT52 elements are also employed to model the compressive force of the lid onto the 

upper forging.

9".-
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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).

�1Q�
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Figure 2.10.2-1 F 
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Figure 2.10.2-2 Universal Transport Cask 3-D Model
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_ and Boundary Condiiiuis' 

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 

lb, as calculated in Section 2.6.7.6. Bolt preload conse tql applied to the model by 

imposing initial strains to the bolt shafts is5.9x1O lb. 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.

IE. 310-



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

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 106 lb pounds for 48 bolts, 
a quantity (n) of 48 bolts, a bolt cross-sectional area (A) of 2.77 in. 2 per bolt, and a 
Young's modulus (E) of 28.3 x 106 psi.  

2. Pressure Loading. A pressure of 150 psig is used to conservatively envelope the normal 
onp-ditiond i 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-half the contents weight of 74,203 lb and the cask cavity inside radius of 33.8 in. are 
used to calculate a contact pressure of:

2. 10.26
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37,101.5 
p - (n)(33.8)2 = 10.34 psi 

Mass elements located in the shells to account for the spacers bring the total mass of the 

contents to 75,903 lb. Note that the 'calculated streasses 

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 lb 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 570 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 

Ftotai = •Pm.x Ai cos (0) cos (0') 
i-l

ZY.-
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where Ftota = 37,101.5 lb (cask contents weight is 74,203 lb) 

Pmax = maximum pressure (at impact centerline) 

0i = average angle of subtended arc of ith element measured from 
centerline at point of impact, to obtain vertical component of 
pressure 

i = ith circumferential sector 

0'i = normalized angle to peak at 00 and to be zero at 570 

= O0 = 1.5789(0i) 

Ai = ith circumferential area over which the pressure is applied 

= R (A0)(X7d180) L 

AG, = increment of the angle corresponding to arc length of ith element 

R = inner radius of cask = 33.8 in.  

L = canister length = 173.5 in. (shortest canister length) 

As previously noted, the calciulated stres-ses T p jt 4p~t Qcont fi . jo 
weight of 77 432pons.  

Comer and oblique drops (accident conditions only) 

For the comer and oblique drop analyses, the contents pressure loading is a combination of the 
end drop pressure load and the side drop pressure load. The comer 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.

1022-
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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 lb and the total weight of the cask model 

with contents is 252,444 lb. 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 lb and 259,260 lb, 

respectively. These values bound the maximum canister and cask weights reported in 

Table 2.2-2 (Q77,+32 lb for the canister and g5,0O2 lb for the cask).  

3. Thermal. According to Regulatory Guide 7.8, three credible -6 conditions must be 

considered.  

Condition 1: 100'F ambient temperature with maximum decay heat load and maximum 

solar insolation.  

Condition 2: `2 0'F ambient temperature with maximum decay heat load and no __ 

insolation.  

Condition 3: -40'F ambient temperature •-ihno 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 materials, are generated. These thermal conditions are bounded by Condition 

1. 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: 

Teherm alHot: -Iximum de.4:4 A eat.genuratiqong, ambient temarature.e=l'0 

Sthwful s kn soance 

Terma la ol d: 1 i iý.•m& u•~d. heat geger.t9 a inen. t wehorature=400 0 

M nsN•,an1c,

21..2-9
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teprauereureet 

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 106 lb/in) at 
the line of impact to a lower value (2.4 x 105 lb/in) at an angle of 570 from the line of 
impact, and a minimal value (100 lb/in) from 66.50 to 1800). The load distribution that 
results from the crushing of the impact limiter is shown in Fig. 2.10.2.1-1.

fliodi6_
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Figure 2.10.2.1-1 Cask Body Loading for Side-Drop Conditions 
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Figure 2.10.2.1-2 View of Cask Model Showing Pressure Distribution for Side-Drop 
Analysis
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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 

100 from 0 to 900 and every 150 from 90 to 1800) 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 100 from 0 to 900 and every 150 from 90 to 

1800) 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).

EI-iiiJii
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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

Cask Body Sections in Upper Cask
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Table 2.10.2.2-1 Component Section and Temperature Definition

Component Section Temperature 
Number Component Numbers (OF) 

I Bottom Plate 1-4 218.0 

2 Bottom Forging 5-9 225.4 

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 41 225.4

E67ýý-



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

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 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41

11.268 
22.537 
38.555 
38.555 
11.268 
22.537 
33.805 
33.805 
33.805 
35.805 
35.805 
38.555 
38.555 
38.555 
38.555 
38.555 
38.555 
38.555 
38.555 
38.555 
38.555 
38.555 
33.805 
33.805 
33.805 
33.805 
33.805 
33.805 
33.805 
33.805 
33.805 
38.555 
38.555 
33.805 
33.805 
39.18 
13.028 
26.057 
33.805 
34.93 

35.805

0 
0 
0 

5.0 
6.0 
6.0 
6.0 

10.25 
11.0 
9.5 

10.25 
9.5 

10.25 
9.5 
11.0 

35.019 
59.037 
83.056 
107.074 
131.093 
155.111 
179.13 

16.0 
32.016 
53.782 
75.549 
97.315 
119.081 
140.848 
162.614 
184.38 
185.13 
191.0 
191.0 
196.25 
201.5 
201.5 
201.5 
201.5 
201.5 
8.0

11.268 
22.537 
38.555 
41.305 
11.268 
22.537 
33.805 
35.805 
35.805 
35.805 
35.805 
38.555 
38.555 
41.305 
41.305 
41.305 
41.305 
41.305 
41.305 
41.305 
41.305 
41.305 
35.805 
35.805 
35.805 
35.805 
35.805 
35.805 
35.805 
35.805 
35.805 
41.305 
42.63 
35.805 
42.63 
42.63 
13.028 
26.057 
33.805 
34.93 

38,555

5.0 
5.0 
5.0 
5.0 

10.25 
10.25 
10.25 
10.25 
11.0 

10.25 
11.0 

10.25 
11.0 
9.5 
11.0 

35.019 
59.037 
83.056 
107.074 
131.093 
155.111 
179.13 

16.0 
32.016 
53.782 
75.549 
97.315 
119.081 
140.848 
162.614 
184.38 
185.13 
191.0 
191.0 
196.25 
201.5 
208.0 
208.0 
208.0 
206.0 
8.0

0 
0 
0 
0 
0
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Maximum Scale Maximum RBCUBEP PBCUBED 
Model Impact Scale Mode Calculated alculated ackg= 

Limte Cus Pckge Design Basi -s Des Iign Basi's Diesign Basis 

•0Pc~er rg L imite Crush7 Packa 

,tonke xr4 Crush St. Ac celerationl4 Crush cclerto ccleration 
Drop, test (in) (g) (in) g (9) 

Top, enid drop 8&0 151.8 !1 4.,-7 

Wie drop IL.8 51 3.0 .2J 

,Top co~rn er dro p 12.8 30 22 ____________ 

In reviewing the 30-foot side drop tetaclrto eg,ým. iieý lro§wr 

noted.  
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2.10.3.2 Descriptionof the UMS® Cask Scale Model for the 30-Foot Drop Tests 
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iits/Valuation fof thE End&~cý- Dropes 

___ an~~dý hU16-wa verified to nrthtth 
porquepci cations were met.' 

T__ g~i-eda~er.wle~re u-sed ,to r~e.cord~tet ehdopm 

.pe-e ~ ~ t reoraamoeralls s i aetrie that o the hi ro'e camera. rs wedi ath: detale veode 

,,ongitudilnalais was esen.a .v e-'ti c'a I an d tha tt- h-p d i m -oiype-Ei 

also showed that the model rebounded an estimated 18 to int inches~fte ba 
initial 30-foot dron imj~ 

2.110.3.6.1 Imnact Lim'it-er D e format-io n' and A-ttach-m ent 'Data' 

After the to-p end drop' test the scale' rmodel- pack-a'ge wasfle- f'-_` - ~iýFi 

end _ jmitr.Reoa of the top impact lmtrfrom the red that qqjie 
hyruic jacks be inserted between the impact limiter and 'the botmepa!_otpý 
impact- the _ cakbd.Drm h m-Ta ii .oa,-iItws-nt a sev ,eral 

retaining r ws~erejbroken . The retainin2 royr reoedtQM__Ljpqt 
i~spe~wh~p ýj wa obeethat~the rods had~ undeg atcbuckling ;h IaviDgee, 
__ to __ _ob____ d Lgest,__ 

were then IWt 

late on~ thý t~ ojodel- the Impact, imtr andhdlf a e dnaoont~~u 
to MDth toiý e 0 nl t)cgfteiiipa
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~~~o..04ihches Eorort Meo d 96.o 

The uý"nFIicreda ce-e1rioihe-fer, races- were e ectronicafl pio 4t t; teE n~ 

Thr e traei s ow oapur t p'ita hnp l CInoelý& 
_tetrqj elit im c hth 'al -c le. nai on ea 

is ~ i tin asoitdw itf os tin 
inpq_Q__of the traces showdta th.e initial acce1 rtigi cpýt gwa Ver 

~occurred over three timie pots adt e, tie teen idivi uLit 

microseconds., theus t eu-ssta -h ceea 
Droximtelv 0 micoseconds and then begifiS b ioim 

J. ifýthe scale model rea--i',- e'ab en aS.d 
initiated metal flow, the load path through the rods would:beji Eii'e-. oa& oa 
~'orth scale model to t ekn7hsi~j~udd~ict 

rthen g eta the scal 

ahe reigh of the rcategode liiacokas:ýft~ 

Uor Sý x---
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intantatm w section offfe' ee e~w d da 

14ad pgth betxye~4_nj_ i~e lid~~oh endthenodeJ ;i 
imatiitr shell can, defgr_'iq't,~ .4~et heta 

the inner recess hell first; 

Theimmediateaclrto (Ai, i nt of gravitv 'would bel the &3iti 6iiEo t~iod7ci 6f 
iihe total a-re'a of this section of the moei jd hdSr 
,bf the, Tp to the ýýaemdel pkc~4 

Wh ere: ote egg 

Wh- e'"r' -e-:,r 

would be5 th rasi~x (lerdtfthe, av fte esl

yi20.315

��yiii:m�j
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d O.ut-erE' iameteofp -eoe ma iu n 
9d j~f. heý cresk~eongi of he.drc do i~red~1rQte 

the redwo , od" ire ,h~ e: eac~mie akdarea of ene 

response time can becor utd jg fnuietliiid t h fb.  

modt~el~ bod andx~pnet 13s ~ (pounds for h etw, peqtfgbtoqjpp mthr 

The oespqnding~ms m) s omputed ajý5/ 86.116Oj.I 
pqjyep~aia tifnss _gLtesstem is: 

K I-=AxFJ/L=4 8.1 Epons/inch 

(1inhe (10.75-i
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q. .value to ae ve ne crrepnl to e 

___ 3. zero 'ro to th tahiithngd i5he aproxi 449 

donot dem~onstatti ~hvp~ot esis us ofesthe pr q ope 

s ig~nificantly over-conservati~ve2 

it "is- conclude-d' _f~ro6m_ the, I cafculatne 
ponfirm that_ the initial acceleraft i vaues. arcaes~__ ii;_______ 

hot show the steep ristie no the asoitdlvlof -aclrtost- siZ' 
unfiltered trc.The filtered,&~I reasuAtjs sp103 2 

Te fil~tIered data was integrated to obtain the vel-ocity ot ad asshwnjoiiJ 
the 527.4 in/sec inta.vlct.TeDAaclrto s-sovi4 
UMýS package,
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& fth-q Ec Lke r saStstIc to 

§tf eiss, ini theim pact lirn-itf,-wnich~Wii youjýrpb6bor er ar 'ac eeral 6o obse ne 
------------- 9

ffc fte hc-aldscrew tu 1& oIetheixh rcrtush CI

1o provide test data for.t~p~etystw et p~ri4 

l. static et Iused anuncrushed section. of fthe que crsialemadiiii&fhtth 

0.035-ic thick screw tubes, but otherwise eniatohendjpiWiit 

For ThUMS® impa ct ime esg n th ed dfo orientat o h e hq gf,'jt h~ 
rdodis perpendicular to the direction of crush _The retainiri r6&-, bd~& 

eqalysAced evey, /1 siV tatic crush 

,mac_1mierpwiqh included two retaining rods' and tosrw s 7' Tz7 

bolts. Foa40 ecHio t 4  W reJ at alL,-~if~i 
tgo the side beir q] oa euriljf 

consgrainin2 o o pggents(a 

con.dition , b ut theI e~~ Im Lc IlimqqLA UII is'-ue fniib S n iitflir~ 

impactirte orth 

Addit I- aly' th_ e, &a~ 
asi h aeof an 'end drop.TwV 7rod an iassoig .swVe-re- 4;14 e 

the.45'. seiin qf ih 1iiji 

li ~sdin'thesttqý~ Efst

IT.i --3-7
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Ric joii model. edte. "s ameg desi ; ~ a~t~e ir or f -the' ',ea n uS, d 

e~ll5'eio of the fcl~ndeic ixtue wa netd tos0t s'i 

1-nhtik eS so ýi tuesl mcli& andefw &dti Dlto 

__t~ighe_ý__ eto 4the model impact limter 6'en~surec tat the41 tioiii of.,7 

impact limiter id ntmove radially d n 
(ectangql~c~ross section of 0.18, inch by in i1hLftited arouiid teotrsf~~fte~~ 

imnpact limiter setgand ble ote_ f ts '" 

Threcqqrded_ et.dtaiclu ud tefredelflecinei cLfqr iýth f io1qq 
liie~wlashfipamet attheeaealsds s.[~~ t~i fi,~iiI4 

'dis-pjacenment of the limiter." 

§4iýCs odcea____j§i_ýQgqcns g in York. asyy aj 

g~sing a Tini'us Ole.tsigmcie aal ljg ýQQ~qqS,,~of n copr Lyqjc 
,,Theueothseim t estbli Syqrn ~p§sion sbed re alv oastatncts.  

estsblshed~a,.,&.are pi 

forc 6au L~ yoIfresaefc bA 
_~~~~~,s __p moe thef~4,3)~w~e~.3 

qurscC emos.de'-1eci

EFO.§_:1ý9



SAR - UMS® Universal Transport Cask June 1999 
Docket No. 7 1-9270 Revision UMST-99A 

shd th of 7, te=iit eldd th o 

2.10.3.7.1 Soj nte tatic Testl testuwas 

1. The lateral di.splacements of the sides' of the'es fi uewere.m easure d et 

LThs vauesindicate thtthe bgu aryqsdtonsf~Aýqc qftels 

2. No-afcion of, theequipMentq orinstrumientation'were n cd 

jc nFcurres 2r.10.3-de ?impactAO.3 2?4r seti~ v -. ,i 3 

-- in___--__I___.__ enqI-a r 

p- LeL aon Fg ~
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tAgtiq9jqst LOn r&C&(i~ q Wj ý)tijqkAoi-n 

jLbs line case) 70. _____ 

2 (withbut,.th screw u!).70 68,6_________ 

ý4ojitiii1 se in te oaing were observed for etliei StL7'ikj Tf> a 2;Xl 

_s foce deeloped in a'oooi anricesn:o'Zr't 

force reported above. _During the static tests,_.there ween-mý ' h='GWe 
n-,i th-e equip6-m"en-t nor i n the fl'oor on wh'i-ch th ------ t~d 

22 -.- I'l the screw tubes ar Aoref____cntsr~gh leid~d '~~ 

I~MpAqt limiter does notocu in t&.region of the sce _:tbs e-i 
aceeain o the model. impýc h~qdsg dth§gkt y e 
lamer than the desi -nwithout thescrew tubes 

3. The ax~ial1 se'ction of' the' m Odel-i-m,-pc' limirsh 

model lid buckled in tesaeeprlshv n h sai test as in the 30fot 
dirop6. . -Since~ p-h cush-,j-6r-ce.de'v"lpdi rnoqi-nc4 jc~nr nd:temoe 

defrmtio btween the static nd dvnami 7c that thes 
secton f th nide i~p~ctl~F~ shel des otý deform by lastic flow' bf the mnetalan 

4. The c'r'u'sh a^n-d -t'he a-c:c-e-ai eporited.bv o hnIi~e~atiii 
can be converteýd tocrepnd to the. ,rceMatiie-yac~i h. E -ts 

teBCUBED is" l fixi 5af 2W.-2 so

EI-j7E

June 1999
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____ 1atYd 

q:rfi~r-Sq~q uqrscal Aeeration ~_~ irto 
FR-P~ Crush If 4e -Rie4by -~b~6~4 (T-h-e Ea6..5-4 

Static Test kip) (g(ig)________ 

TesU .3 .0 4ý3.5 
'Test 2 14.8 42.2- j 

For the ma-ximum. acceleration case, the ~Static Test resultsafOQrIejygOyte.,YVB"7 BED

2ý.1.0,3.7.ý3 Summry of the Static Tests

The results of' the static tests indicate _h-'t-e _ niil'-hi- acielaonsoserein-t e ro tst 

are a result of accelerometer hiif~unyefcsTefltrd-cbeain aamr 
accurately reflects, the response ofteipc iie na'edýO iiAt-A tq~l e 
static tests confirm the validity of the RBCUBED ýpjogr~pniyseso9f itUMS® ppa
limiters.  

2.10.3.8 Results/Evaluation for the 30-Foot Side Dro Tes•t

Thed.ýro tes tobepromduigt: M qqtt 2 

model.- Prior to- l1fting -thue 'scatle, I oth - o- pcue--, 
retaining rods and _W _uswr _npce tbesrtatorjpqueýpiqoi§rmt 

Two igh speed carneras were usedj treordc he sid r mýit n f h aeatr~r 
a detai-le~d view-of the jnIm~t, atimterru.'_ hi~hae ftetunon niejpc 
plane. 5The ot'her' caea;crean~perlliw an co Cl iý7 odQ 
longitudinal a'xls was.effetivel hoizonta athfeý 'fhedw4

2.106.322
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21Im pact Limniter Deformation and Attachment Data 

After the side drop test, the scale model package was lifted off the ground and placed on-a 

temporary support to remove the impact limiters. jUpon _removing the upuper i mpct li tipter, it 

Was observed that the threejetaining rods nearest the impact plane were broken. The remaining 

13 of the 16 retin gil rods were intact and wer••__e mode d ydS4_d Uvpo 

removing the b-otom impact limiter, it was obseryedthaL all of the retaining rods wre itatand 

were still threaded into the model, body. Teeeslsincate that both m~a t lmtrs 

remained attached to the cask model during and after the side drop test, 

Measurements of the deformed model impact limiter dimensions were obtainedtertheside 

drop test, which allowed the crush stroke to be det.ernmine~d. These inmensins,,ae&,t~a~bla i 

the following, along with the ratioed full-scale crush strokes and the crush strokes calcucatedby 

the RB CUBED impact limiter program. In order to rai.te ure-clemdlts eutL 

the full-scale design values, the scale model crush stroke test results were factored by4. The 

high speed camera, which recorded an, overall view ~of .her -impact indiclalte.-tedhatluringthe 

impact, the limiters rotated (tilted) slightly upward on the ends of the mNodelbody. As a result of 

this rotation, the portion of the impact, limiter opposite,.the impact [p.lae alwa pr 

against the. end of the- model body. This resulted. in. some. nonunmfifr cru-shijig of the redwood 

(the redwood positioned between the side of the model.and the impact~pla _he crush stro 

reported below is the maximum crush stroke for the redwood outside the trunnion cuto•t 
RQuarter-s QCUBED calculated 

uarter-Scale .model i.act' impact limiter redwood crush 

Moe iie rush ýrush x 4 (Table, 2.6J,.7.54) 
Side Impact (in) I) n) 

j.pper limiter 1194 -118 ____ 0______ 

IrBottom limite .8 1.4 ~3.1 

The ratioed crush strokes from lthe s-ide drop -teset for'the ejQurq tper:.s €a!.e m-od~e.l"oiac t l_2iamitersis 

enveloped bynjht RBCUBEanaysis of hefull-cale MS' impact liT* a 30-foot e 

drop, ac~cident.

2.i0,3-23



SAR - UMS® Universal Transport Cask

Docket No. 7 1-9270 Revision UMST-OOA 

tose sidee-ým,-qe drop testte - e, 
indiated that the model mp~c lmiterhad exeine ouiomcrsi wc eutdi 

moecrus the nin cuotaierdo us htuno 
ieio. Drctyunder the trunnion cutout, a 031-nch thc'so h i e eand 

Thýisr-e-s-ult-ed na~ redwod crs tenghar~ger-ithanithat in the'em inde ofth mi-ter`--f:, ritd~ 
no cn~tiy-qan impact of the model cask trunnionwih the jn act pjan. j__qheowoodxo 

crushing in the trnnhion cutout regionp wyas further inve'sti~g e b o the scale model 
upperj.imit~er__inihlfyt-h'a pin~asn__uýthftetuno 
.was obser-vedffiat the poii _emdltuno llw- ew oersef'fý 
under the trunnion. Toincrease~the impact limiterjes 1.ig Lej 
changges to the Limpc lmtersuroundig tetrnincouswere oinq~ap(ý qfe 
Summary of the Side Drop Test in Section 2.1i0.3:..2)~ 

2..10.3.8.2 AcceleromneterData 

77I1Ld ere el calv' red to permit t aft tsi 
Four accelerometer traces were obtained an oto o'n vi side drpacirtqýt4L 
is shown in Fig-ure 2.10..5.. Anuinitial obevto h rc st~t iyiiat'os, 
vibrations associated wihteacirt-n oeitadta filterinR of the ac&ce1&iometer data is 
appropriate. The filtered result is supermpse on th4qun1}ilered~data.  

At the beginning _ftpýq thesa-model pakg sdclrtm adtecfejodn 
tacceleration~is are emn wi ~hth e i. ped ý e 

the~~~~ae wihthhihapedpto~h 
imnpacted ina -near oizn oitao. The accelerometr enafrthfilteriiiiofde 

another significant negative paacertinThe avera~e of the two sets of accelerometers' (at 
each end of the miod-el) i-ax imum" pea'ks. ar e-listed- be'low `a'lon w ith terslsfrom the 
RkCBC-ED imv'act--imi,-te--an-alvsis'

May 2000
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gJreP 1M6ý e "CUEDCalulte 

Side Impact P-e~a 

U.pper uppap t Ii mitr _ 2J 

Bottom impact limiter ~* 

To understand the behavior of th~ UMSt' scale model packa edibpjiac 

the associated acceleration data, thequarter-scale model, of the NA C i( et 

wyas compared to the UMS® quarter-scale model. - nfcn etrso h two ~dla 

Quater-Scale Model Conpaison 

Item NAC-UMS 

Axiallength of overlap of the ý,75,inchs.  
model body and the impact 
limiter 

Radaial tikness ofte upper 4 ekinhs 
impact limiter in the backed area 
for theside drop 

mp-act limiit-erenergy absorbing Kwedo with grai n p-aralli kdy 6o o:wi grain iparl e 
material for a side i pact h. *r....""e....n ,i cru d .. e......  Oute dimeti~toimjcrusnh detir 

Method to represent the contents Four weigh disks wth aweigg d slwth an 
weight inthe scale.model gaverage of 235 pounds for 4yage ge v'eigft of 49 pon'• 

04p_4 weightkdisk fir.wea_Ž~gLt disk 
Scale model diametier in tihe -7inch? 217isnched 

overlap region of model bo-y 
and upper imp act limiter 

Model W~eigihi 033iin~d _ ________ 

for the side drop (obtained fror.  
the acceleration trace es)

r-O,3;25



SAR - UMSO Universal Transport Cask 
Docket No. 7 1-9270

May 2000 
Revision UMST-OOA

accelerationjpp akiitheýside 

4cceleration pp~k, Lgthej5' 
____ 

obljguedrop g 

TAnte fort La_ 
kitrfrte side dro 

Crsh stok orthupe__9 

imter for the side droip 

While~~h minort doeit ~limite &ig for 

NAC-STC, the most significant diffe-renc eenh-etw _IjdeLt 'hie~tlihN 

limiter ~ ~ ~ ~ e crs toe the bot l A( iernick 

rg n y' aopnasyz accomplished 0o otL e 
,T1s ndica:.R ggtI 7inT ter werq 6i:shqdiif rnAný n e i r'~l~k 

m~omentr positiveý -ýoe-'d 
motk~Fion or the NA STC for.  

eyi- sf eOjt,ge oJ(ircti enj 4hcaL eo

Iff-I OK ý2
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_ oout vibratin 2nrated _vtewih dJisks eireq§ in the', UMS 

___ s~i'veaccelerometer re7ding.1 

Bae nt(_jpesimilarities with the __ __ _ __ __ _ 

the 30-foot side. dropjimpact,' itis concluded that the re onc the NTS V& kale~ aT1 

measured in this.30-foot ~drop tetbud h md'fre h ?qrg 
extraneous ,IaccI el er ation rec ,ord Ie d -durinith~'ej 

u mma rv-of t he S-i d'e- Dr o-P Te st 

The maximum mesrdaclrto nteUSsaemdl3-~tsd o etAys " 

whc senveloped iby the UIMS® Design ýp __________valueof_60___sese_.  

Th aiumcuhdepth for the UM(j lmtr.ta a taei 
ii - ---- c -. r r- d-e thforth -rr-*cale,---~~-3,*,----- -ý---7-, 

d4epth -.1-p ate by im _Lpact limite prgrm e.~ 13.0 inc e.  

To ýincrease the design magin f the UMS®ýajs tcas~pp im ti inthr jvicin 
the unni~n~ esiýý'i ýhaebn 

1. The tnmninc~utout is radius'dt 
yplnie.ofte,:edwodto-be ~crushed 'adjacent. to the trunnioinieLm heS _0~ 

~nacitihaltaii~j~iee plte h ~grpated injthe .upper im at~jiite tutr 

dW n te bokfrewd ocated ouward-&f th." nru ncutou~.tsýo; nýi~t
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Vi-- d 1 usi gp hags nthnL~I aact lmtr as- ,c~,4 

of s ore 

AC- an S _a t~~ ýskin act- limiters. are ade ut -e~i, to 
UjcaIin a 30fo side'dro irniicdt~to- 'e _withiýn' th76casI,'_ fiao~.u 

T_,hqjkPp !es'Trjqo forite NAC-UMS ou~rter-s'~kmddA~ih 
kirp~tet since test 'eutfor_-: the__:NAC__STjqati1P _po~ 

evaluationspverforr-ned bySandia. show, _..a 1jj~ Si Tcant~sladowCusm-ec 

crush distance) bound the oblique drop condi flon 

~akeinhavin~g a ratio of lenth~ rdus g&f 4 7 K -U e 

~~opj~ ~ ~ lustd dtiwhiJ j75ý.obliqqiiek d jese tet resuLhebeg 
ffect~~ sid due agb~fl e c~lefrations 

be- oW. ~ihe ratio .ýaeearl _the -samie,,, e~6iued e i 

~ can AM iicTtHi 

no ~~p it!6~e :6~i~ii~d~pi~ %~i1a 

~nF51ic 09d
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for the dhor - 6 et omedrooust ,•e•ay 

Pro tolfii h caeoe.pcae i hq- -e -tol r 
t th~torgurgspecqe niati ns Were2.  

used the~same test wei twuse 
inexpensive substitute for a bottom im•act limiter andeslW aj6 eh 

~~ ~and CG location for the UMS® rnLk 

hg cameras were used to_ arecorteocnr______ 

c a rcode aclose-up view ofthe imatlmtrcuhinter at ln.  

The tercmearcodd noerall vew f hdoptstad sh6weý 8 e~iebinitation 
coeto the tar et Mgeof 23' from vertical,' 

0-1j.3.1Q-. impact Limter Deformation .a.nd AttachmentData.  

imp_ ac timitar.. Similar adifficlo in g e w s i mt w 

gs . thea •op;enýdedr thdaut theltthrebuc_ kng ofn 

poin.tNfimpac.tw~ere brken.Removal of the tppey 

nntoaeheoc eme pfi h e ses 

~i'iingJ$3jptnhe ros' _ were inatand were still threded intoj theiid jth 

-7 

mo eEý@i*n ý eqRL A eaIiis teroremine' ata

2ALE3�29
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ýV iiih- te RWBCU BE D c 7 

bV 4ý(th ~&in Ctifck) tob t i1itjheftai-s eesion crush~stro2'UL isi6 -ie 6rus 
thi seto is thmx-in :kssrkfrýeivinnc m aa ýr~~h tum

~hi~in~rshstok dtrniinedi rom. jh rs 
_ _ by the& RBCUBED o:asis, ýýrush .~stokes, oo u -EalIS 

transpr_ for a 30-foot top) co rner ý 61ys

2.10. 3.-1- 0 .2- Accelierom'eter Data

__traces- -w--er-eobtaine - n -- -ne an ~a iprtion o a otaoeý,d~ 

acceleration isce1 shown in.Figure 2.037 niii bevto sILLgii 

The nult s 

accelerations _eenue fromi te three Iaccelerometere 

IOq~m6er7-ISqaleMdeI ~ SeM~j "isk 
C ti~i~g ~nsA( cae 

UpP.ILI ~gigin q_ _ _ _ F-2__ __ _ _

2-10.3-30j
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Sumr fthe SAqp Cornerjrs~ifiie t~&~ddi 
_ jfr~nLf th~ franf0fq6o tai 

2.1Q..1i Sale model arewinvelo 

Draw ing Numer Shee Reison.  
790h0 U Siptlm terst are- nbih ioid L Lde 

7903Q = PjChrough-7 
790-401n"and-thec'ru'--ýcý ~tas 

790-60 drp. Scu"'sktdCl wýlý 

790-603 49.

1-b-' el-cratio-n, dev"" a" Y-6-m-, e, uaý' r-S ie"
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<icA 11teedd c'celeratio< -T"

odel op~Ed~r1

7

Ti me (mns)

,jge 2A0.31

,a) 

0.  
0,.

C

-500
0 2 4

'3

U - t-------�"------�* �-- �-�-± �. .1 _______

9

10 12
J1

II'

400 

-200-- - - _ _ -

-300 

-400 

'Co - - rij 
-I I -l l - ______li
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;..LOA D arnie Load:Factor~ MMEvaluation for M, and BWR SiT ort-Diskg 

.bssýclrtoý 20g and,60gar use~d in the PWR ~ad BW Riýp)iý i 

ations normal condeiey. thios (Section s 2 1to1 rinntrtta~wtih chn~eainfh 

___ ~ ~ repctv v __ Thes 1-ooendcrtionioidt 

0.. ane 2.1o4 ffie nd u 
rdssare colutensidered 

Ad --Fot-En~d Drop Anralys~is' 

ýf6 Ajk;Syfinite element models. cosrce snýSML3eeet.aeu~!T 
ý#pplssa hw nFgrs21..- and 2.10.4.12 for PVRanF sup disks 

Kespecýtively,. The mod4qtel re sent si gle~sup disk resitraiedqtA af -irodIEKi~ 

Z-drecion(pepenieniar to ýthe plane of. t~he disk).  

,Te maiu ceeain( ia the cask sufc eenýn ye m t1 traa i 

17.ig ~ ~ ~ ( TbJ~t4rp .. ,4 1 fecpff~espondin1_g cleation time htisi 

are shown in Fi~j , 

~oTh acceleration aarhe 

i e . ni- rion tie historyL_-a fod t he- 16 send.&oPn-s

a c leraij C> 00 Hri ot4c 7 33 

;- _ ____1 ot for,, ol~~~ XYcuoiditg ý,ti~e 
~~~~~t 7aecunce and t 

teý e _ so~

2F.1--4-:
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catquliýtqd usýingjk sqqi!tq-_root-of-th6-suM.--ýf- e -SqMý 

S 0.,:c e 

REC L'i -ýEl'iLýt 9 24 5 9 s TTwp '2 

i- n e" d 6?y'* yi,ýIn&,ýe -ýEespgp§e, , ý71 
e eration _pA 

-Irgm the 1T t' limiter., analysis resu ts 

sqqqq0Iy,-A4q.JLE.-or the, PWR__s'gppprt disks is calculated to be 
61L.f -f-or-t,-h-- -W-- R"_-s-u- ------- &rt_--dZS- s-,c-a-l-culatedtobeO.79(13,53/1-7.,.,iiI 

i- n- -T- a--b- fe"s- -2-.1-0-4- -a 

PwK, and B isks for I-foot end drop condition is ess t 110 11ýýDcel -qesign asiý accete- Og for ngjj yjýe -nal condiýLions-otransp 
iýý iq- are" .ýbe ac d qt on4itt( qjL _iq_ ý _,
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REýSpojis Acceleratio foii W Suppi~sft -'Itni~

Mode Frequn jCosed Participatin Mass 4s Spectrum 
Numbqj (1][4) - pc! (99.J)____ _ __ _ _ _ 

I H5 No T94 n669Q 21 __ 

2 55.1 0.-0000 a b-.6id 0 & E 

0.000000 __0 10 

4 Y15 N Li "Q000 OR ED_ ____ 

$ Q1.46 No -.o6-0 E4QO f_75 
9 1P2J5 No~ 'WO~0 7 3 U D 

,10 LL0 OOm Q0.Q 0.00 C 3.03 

sum =ý2 E O0Ci 

Missing m _ 

SRSS*cce 1eri 9jSRSS), ____ ___
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e ........ PWRaerpn a mdlsyedishesdedopaa 

2 .10 I- and 2.10.4.2-2,repectvl. T~he models are te ame as thso teed 
analys~es expt that diffeet bou~ndr codtos r apple as 0 

§upor.,4~jcqton"A"alowsmoemet n te x" irctinbut constrains movemen inthe 

y an "z"direuon. Silarljneuppport atlocation "B",allows movemeiif ithg" 
Okrqon, _but Constrais MOVement in the ." x'" and "z",cdirections.' 

figure 2 A finite element model- f 

plde sectionts aL inchsmmr inlongitudinal diecin)o teihko 

,(outer shell, lead shell, iniher shelD al), e? n~s 

Symmetry boundary conditions are applied~at he Dln fsmer.Ietalaj p~q~ 

the ne-ative "y" direcin Tecs bo~dy is very heavyycornpared wihtems fthe supppq 
disk and fuel. Hence, a model of cask body with an a4?1 g y ntto 3 times the disk 

thickness is suffin•int representh•e DpSiCal interaction between e c si sel 

suppor disk. Anefftvednit isu ftu ort fisktoaccou for the self-eight of 

the disk and the weight ofthe fuel a'ssmblv 

,The mass of the support diskis n gligjiblecompare4• Wit oeff er 

there is no ds-ocsineato.,Teifunef-hedisk nau al rcunison.tesefý 

excitation of cask body is_.egligible.. Since the main interaction is from cask-to-disk. he u iort 

disk is simly modeled asua odmaterial.,sheBWR support q is usedfor the 

diský in 'the mnodel. The density of the -disk is -adjusted toacon for theý actda wei1f ghfor PlWR 
,an'd BWR configýura~tionis._ t___ he- mod--D s 

has fobur contact interfaces-:.  

1f iethsis anifcns~ter.  

2. gtWeeýn the canisteradininer hpIL 
Sbet ween theinne s ad lead sh~elv 

shw manximum acclerao .(g at!e cask s ace d2t4ninsL. thJmact 

10.4g for the 1-foot side drop (ale~s2.6.7.5-1.4}7 c dn ceeain iehsoe r 

shown in Figur 2.10.4.2-4.

2.10.42-

SAR - UMS® Universal Transport Cask June 1999
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The stto determine the DL[, and the..esponse acceleration... hI are.  

1. ~The acceleration foe st r sQidedopo diýotioi7n e omth i 
analysis is used.as.a.dynamicla..np.the (. model. The rsponse 
acceleration time history cortespond a to 1 he•s8ppr t cigure b i nasig 

2. e _p_ scfpr .tim...... sy... atao !er 1 HW use M s "Aove u•hi 
frequeny uare pegligible)nsin tr mone 

frequency omponentse o,_ee.dg1re . -2p- N6 forjte 
rnfiltered and filterediacclrationtl for PWR and rrsei 

3. The filtered- accerationned bie .ist •nob•t-'tai"n" edadbo-ve - t s•fornedno .a freqjtqnc+ 
response spectrum uing th respons s ,nrtri NY. h zerpeo 

.accelerations (>1000sHz ar n oted as 10.3m8g forWR g(Feai 
for' B WR (iue 2. l.4.2-18~), Tpspepti~velT 

4. A modal analysis is performed for t~he PWR an BW iiipi disk ui CC1nS 
models (F n9igures_ 2.0.4.2-1onandTh0.s. modal j •pq•ulrxj ai the 
correspondingn modal participation fu ra••a determinedjvytejaal 'Np 
that the MPFs for modes ab ove 1000H .zar n iIgb I-e ndh Ienc not Cinlu ded 

5. Based on the -frequencyresponse spectrm obtaned in p4, h response acce ertion 
(9sRSS). is calculated using- the square ,ot-of-the-sum-ofh- squrs(RS meto in 
conj unction .with. the absolute._um _of the modal rsonse for clsel.a~ 

eguatoy-Gide 1-2).Asshown in Tables 2.10.4.2-1 and 2.104-2-2 the acceleration 
response (gSRSS) is calculated to be 14.!ýgad 1.72 o W n B R§upo 
respectively.. Only_ the in-plane - bainlmds r osdrd 

The DLF is determined by diiigýq~~qs ceeaingp temxmmac eqi 
(g.), froim the imp ,act lim.r it er I n-al IYsi s I res -ults Q~.DF=(ss)~~LTeDFfor' df&W~ 

BWVR support disks is calculated to be.09 (k,ý/&) .6(572l.)epcjpy 

As shown in Tals21..- n ,0 2 h a isp p~giý.j ýrijboth the M~! 
and BWR suppt cqdq 

the design basis accelerations of 20g for norm~a conditions of transport. SiMilar reptg ? 
for the accident conditions ft~qe~ j serl

Y.10.418
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Figure 2.10.4.2-2

ANSYS Finite Element Model ofPRSpoX~~s oi*Dp.pj§ 

ANSYS Finite Elemenit Model of BWR Support Disk for Side D~rop Analyi 

Sz x

ý,.10.4-
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Fjigur 2.10.4.2-3 LS-DYNA Finite Element Model for Side-DropP Analysis 
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Figure 2. 10.4.2-

Figure 2.10.4.2-7
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�ons� A�eIerationIor3WR S vE�1DisiCf� ootSide1Dr�i,

OWR Modal AnalyIs foqr Lp nirtoiMdsieDop 

_ _ _ _ _ _ _as 3.064 Aui 

Mo& Egrequenpy ýClosed e'tic'ipation mass Mass pctrumu 
Nun~bgr (H:4) $PAIýOe _aýtiMq V JgSrff_____ 

J L93-,_ __ _ 

12 f4_5,9005 

~O~2 ____6 268 j1 

2' 1' -0-

9 282.31 bW'200 bb6-98 6J -.08: 
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i .. eSpfelm asntents c tructenralc gvatinqqq& rwat tos' 

whichare Uniciipeto ieiier~eactor st-,Tese site specif&cnet o n&: roý 

condtons tat ccurred during reactor ovemfprtionaion iii~7~st§-V, 
proqgýMs, fe in ol itnded to' mpov ractroprations, tfromn decQnnissioniflg p~~~cr rnentsr, teer.i.-temite 

activities,_n from the Plaement of control ..... n.. ithi e a ib 

Site specific fulasml~plipain r eihe shwt6ýbo--e-by U-in'al-a.si of the' 
standard desig-n basis fuel assembly configuaton of the orm tW~ e0Lr.shw 
to be acceptable contents by_ specific evai uatioti of the coniiguraion.' 

Sie peific Greater Than Class C (GTCC) waste configurations aeshown to be accptabble b' 
specific evaluation.  

2.11.1. Site specific Spent Fuel 

This section describes c he structural evaluation for slD_,§pec..... " f c" .............  
noe bvst pcific spe6nt fuels are those fuel asqbygqqp~ipýW 'ý 

the modification of standard fuel.., The pfi fjpodifica~tj~ 'fith 1 p3 

The removal of fueel roittreacem 
The replcjjn ofmoved fuel r½d 4t~ods of te 

_a suech asa stanless.ste ihfueodsofafferent esnt 
' Theotroc enlements, r instrumentotLth ja imbl sibPosifi 6J2 

standard fuel used at 7.4d a Thter.i._se Ie semblies are,:. e. ut diff& from thd 

caskd.esignt y ftqt.iel•etede Snre described in ales.. 7 

bounded by thte.,qCf~L go pm t in pecti o ns ffZQ

June 1999
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1. s1t F4sh eoi oUi~i~f 

n.___stan~rd"*_4I fuel assembli ul ft~7n esig hase iiee n~ii~~ v~ s ii~ai 

PRfuel assemblies for the UMS Tr4s-anpr t utral 

_ n yoteia accident conditions, respective1v. The Maii~. neakeiteýýSpýi 1i el 
is dscrbedin Segion 1.3.1.ý 

.The weight of a standard 14x 14 fuel assembly wiijh nzfif~ as~Csemibly insert 4"j 
_IO Is Ti wih is1 fuel~b asernblv.  

607,68/24 =1,567 jbs)_used~inthePWjstýi avsis§pj§qn i ection2.iT.13_ 
fuel.cniua~os.wt removed fuel io'.ds,l with fqI-r'd-ps --e yoi~4. IE 'te 

Zircaloy ro ds,_ or-w it _qiojods replacedby oco idalwegeszhnth 
s ndard ~I4 fuel asembly.Tih~e confi~guration with intuetibe isal neae 
guide tubeý 0o swjhat tandard:assbýIv whit~h t on slFi 

asmbly ._Sinc e the w e ig fygfhu~y o~i6s~ 

design basis fuel assembl~y weighit, no, additional analysis ~of these configurations is eurOe 

A structurl e-valuation is reauired for the conr~~frfi_ýqi (n id'psoidated 

qcý e rodel r Onklaedbwtei 

fo thteveto 

fue :ace sboneby the MS V sCs duto et 
in, Ieto 6t~tl3'-YN't7 l~d nan;sin~ 

restricted a asecre-ohole to
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P~eyo-dimensional ANSYS. model. used in th u)Qgkvlutfe,. 
Le eCh boui~t dtonuoel 

j~j nFs3 I c e TIt ýe_ nuVfj 

ýhe prssr load' _geressueqy wdindar_12.2., i.d seehseiiond2 
03psig pn 17270 in. _iectivehiy 

This ___dýý _s .5ml and-h-0- to e~ drpnu itin.o 

_conide'rs_ that- all" 2_4 __sIo'ts7 ar-e lo-i1e~d- withs Pt~~f1 h 1 
126~i _ utple b.thkp~p -load _6ýj_(si-d s -7ý 

E0qiAoid ue ssmbyis loaded inposion 1g . orca.oth 

bte sloddwi~th- -the- t aid r-d -CE l4xI4 fulasemie Sim~il es 
have the consolidated fuel assembly_ lodd inpositions 2 hrough 4.~iiruLod:res 

ýiiuappliedý,lxiqjp§ctoa toesesi the support disk. ssow 

evlute l~~dw,ý 

~iosldtd fel lattice. is. boundedjgqjby! fuel evluatihW7of the ~suipr 
disksý4 

Addtionally1 a; 

-I _ _ _ _ _ _ ___M I 

st.$andard fu 4 bupetlk

2J1�L2
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'aLT 2.11L.bI N alizedStrss RatiosUMS - ctioBas 

S~uppr Disk Sectional Dties Intesitij)Memra 

Ca~~ Normal ~Conditions,_q0g ~ cietConditio~nsi.60g 

______ 18.229 26428? 450-0 m~ Z6.289, 

Base' Case' ~0 ~.00 1.00 FQ1 00 _.0 _T.O0 __0_0 

Case I .P96 0.9 0.96 0.96 On91 b-44 
Cae .~ 0.92 06.96 0'.96 10.91 9.29 

Case 3 0.9.6 0.93q 0.97 0.96 P.__ 0,25 05 __OM 

Case 4 0.9ý5 10.93 0.9.7 0.9 0.9 A9 b9_6 

Suqpport Disk Sectional Stress Intensity (ksi) -Mmrae I 

'Case Normal Conditions. 20g A ý,44, qAL q 4

0_0___ Aar22 9,.& 'ý4 00 ý.2I .289c, .4___ 

Base Case' 1.0 IO A0 1.0 k,00 41.00A 
Cae1 0.96 ý0.2 0. 96 0.95 .6 09 

Case.2 9.96 9.9 0,.96 Q0 .5 5 9 

Case 3- 9.6 p.3 0.6 9.9 p.96 9-L5L 
Ca-se 4 9.96 0.93 097 9 90.9 098 _ L9 

1._Tables 2.6.13.6-16 and 2.6.13.6-ý17J

fii]:5
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Tfable_ .I1iii1- 72 ~Itrse 456 en

ýtress Odlowable 

_____~~~~~k (k! __ _ _ _ _ _ _ _ 

ý120 V- Pq ý -ýO ý4. 8M 
114 P.7 VA. t4.8 - j _ _ _ 

I__ I' -5.8 7. n 

03ý9 -:_S a519 

49t 2L1 5-6 15,5 91__ __ _ 

40 - 288. A 14 .ý6 
1044 -.071 ~ 5 4 

514. 113 __ __ __ 

664 Q.2 ý74 14.2 '45 ______ 

72 '10.6 --L 6w 2 
.58 fw10 .97 zO7 11739 45 

05-3 t2 £J11. to 411- ý45 Z 
142 6. 42 4,0 '1.2 4 : 

26 1 0.3 4p 
110d j.45 

64 113ý.342 -45.4 

194 11.5 10-1 545 

.79 ~2 7 - IO 6-1 17, 

124 a.6_ '6±5 11L_ 

74 4- _ __ ~ 

115 ,5 ii 5-i~

116 p0.A h9. 5 .96 
2.20. - ---- Ij
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LTable 2.11.1.1-3 _t~.ýp~ssfor Slupport Di~sKj-lroou S45Q io
he Ys' B- t ructural Case I 

Stres8 ~JIlowabUe 
Rll iM~eqn9J

237 

34 
20 

1120 
114 

42 

428 

3-6 

22 

108

3ý3.4 

3,6J 

-37.8 
7-37.2 

--30.8 

,2.2 

3 4.8" 

18.9-_

L45.1 
-38.5 

;ffi6 

41.1 

37.8.  

L30 49 

S1, 2 

,-30.5 
, t '4 5 

D 73, 

[2 Vz

12 

db2.  

ý-6 

8.3i 

24.0 
ý26: 

8,2

42.2 

421 

5IZ5

'67.5 

67.5

0-44 

Ph a 

B721

�I1ii2
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C21as2 kite Specic wrrater ilass Cdn iaste 

concentration of Ion g-ived~ radionuclides i~.-C Nln and/orhrt-iff1 d 

GTCC waste typicall consists of radiation activated and surfac intsel-Siihle 

steel core bafflei srcture, which is located jacetttera o 

field, _is_ the major component of GT.CC waste, The core baffle structure istue 
water into pecesof asizethat are loddit at akt*,I oecss % 6 

§ppý4~l cntineizd o itthe fuel loadingp JO4js in' the PWR sp telnY askti 

11.2-.1J- Maine Yankee Grea-ter Than t Class C Waste 

Th e Maine Yankee .Gre -ater ITh -an, Class C (GT ICC) w .aste results froni the remo~a,of he ijc 
core barrel, The barrel was cut into sections under water in the s ent f 

loaded into the GTCC waste basket. _The waste basket is seto fit jheXT 

Transpprtabl S5torage Canister., h GC waste baktadcnseraei aiL 
790-611 and 790-612, respectively, in Sntio4n 1.3.4, 

The, escr. ption of the MaineYaeee bast a the GTCg e 

pl-prese is als. e•_.ed.na 1.e The GTCC wastebasket is esi 

plate.al tqtheGTCC wa~stebasketnis-ploade• •nto ga C st erceni 0t hpe1n 

of jifting lugs as . e pacemente f a eyway3within he GTCC waste canistr.rT• •l'o 

loadedg tCC .ww-aste caqnists lessthan fetweight of the center, 

Gratviy(C.) for the _ranspocas oaed t 

idetialn~ to .z- Q..- k) ,g7n 'Od~k~n aio: Lt~o 
1and 2 -3._ee Theý-o' e . a-ihohn 5ti a-t&e stdj n.  

011.. tset

.Ui~I

May 2000
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-Ii the Ava ion fbjý 
stress_,in, th v -th 

gýSnister, shell Beanngstress is e aluat e si 

.6 qK S` 

2-T.-I cK affiin-e,---)ý-anýk-e-e--GTCCBaýýet Struciuiýl Ev'ý16fi 

uated ýsid7 ýTis 7ri 
trans '6t 

tA b T, 
v-a ua-ti--"'-7 

ýt r e-- s se'ý' s-- a, r e 41- ke, n-- -f r'&' ri -i- :-AS, M "E* -C- -q- _ýqqýqn su section U'ýPg t e SLre 

.1 Plate and Shel)LType.ýq Mýp pq rts.. The basket component egipKLa s 

thermal analvsis for the GTQQkqýkqtprqsq -i;p 

-a i n' e, Y-- a n k e e , G"-T,- C C -'B'- ask e i -S, i de- D-M- E-V- a-I" t-, L, -a t-I 0' 1 -1 

iýasket'-W eld-m-en-t 

t-ýe- b ask-e-- t,- -we, Ici-m--entý-*c-o-n-s-is-t-'s,ý-,-oTf-:-,aý- 3---in-`cW't,- 'c'k, cv-h n--d-er -h--a-v-i-n-.-7f( ý_CC4)_ 

ýý" d 'to' it. -D'uiin-_4 s. d d t, e basket e, ,rop even is su jected-jLcý al a 

the load from the contained GTCC waste. The effect of the 3-inch thick sevaratur Dlate'61ith.6 
b asket weldment i s- als eQnsi er 

ý'ym 1 e JW-K' 

(-I-ev-ejo-De-ý-- njc 
ppn-(-- -- ii;n- -th -e -6a -ske t ýw' 6 Id'Tn e n ýt*, 

PKogr-4P..,-9-,ITLQ- Ep PTP Sýý]RýLs 4 ýdi&aTs6ct --Wjichý n 

shie c Jnder,,oneýWSKSeC tionan tA_ d"th b 

er: s _e 1, a's shown in riaure-.2.11.2.1-1, SYS so I 
p ýýMqgýs xfk e onacteements"are"use to're.  

__gqýtAýe,,to-'congtructýth&'mod 17 t I d 66sentihq,-iil
77ý 

-qnd theiqterfaqe bet)keeq-tbe capistg _shqll 
inn6r,, gf f6 ý--cqq .71' Syiý 

e 14 e qtýgl ntýý 
conditions ý1- --0 ul Y-mm-g-try,4ppged.kýiý c f lsýuseq-,Mj g 

s e erature o 7: ... ýF I Ith' 

rminatio", .of-mato 

bfidffi6ný 6ns tthe'. mý§.I Cý a&---:g&ggR5 C

F 122-
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~oseya~ylyssmet~~eoncentrate -in tw'o localized regions.,ac re5 ýa gea ess 

than to5ale inc- qtsymtrj the regigii. n ~ the bnd y 

____ are, used to~account fr t emaximumposi1et~f dingmoiiiAhI jjjbas 
ee~gqqiA. !qpo o ordinat y~mJcr6- 4 

inmeni 6aý 4in' themodel. h forc panjl in Cse4 is as&2$Qo a ropI 
9 -load fco-Case 4 represents thre condition whrthe la remhe s q~sng~ 
coc ae nfu oaie erodnhsa __' les~s"than'2_.5. in~x4  Cae'5,i 
used to account for additionial loa due~t6o the, 3-inch thc.ýeaao lt r h hc 

ofIeasC n addition to the 2,500 lb. load d r_ýEdj~ 
center ~of the. spa two loda 

app~lied to alocalized region (2. ich intezreegjon'ad 5'in theicumerenia 

AnrIalys~is~is e---,i-e for' all five ecrbed abv o ora (Q 
conditions. Sectional stresses are obtained for fifteen i5 ýo "~iocaiis as hwr 
2. 11.. 1 -3. O0ne -ad diti o-n-al- se-- o-_(Sec-- -n -o 6 no-- " --- n - ei 
for Case, 4. 4The section has the same loaina h mle odfor, CaseA 4Q-_deg*ree 1frbnth 
plja'ne- 5fs 7etryandtescioisdfnd hog h thickniess of-the 

to- .etonN. 2). Not -hatS -ionsfi1 - _seiqdcy 3(~evaul~ 
ouh 4nd Section 16 aed r________ 

the base wedment. Sections 10 throb 15 arie used to evaluate bearing- s ess.in~the, canister 
shell.  

-~P At-. a M-.rr . '

777- 14ouh No.9oreCh case 'are- listed ina s121-2 a .  
_ autind, acie conditio'ns, respectively. 'K Additiona Iv, stresse -atn~j~ 

_ _ ~ foro 
ate q 

c{ §~fhZ iffl~ C~nd~~umppnry i ~~'~~
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ccidentýconL tiob, th&-maximum.paraga ia iihagj 

ýLOE Case 0ý "Z),:anCj m mum I mbrape 
PL N' 

rc e iL Qjýý 

_46 allowable.-stresses; are'esta ishedýih "a 
ýubs6c66 "LaýtuLeL __"`t_'Vb 4qcalculd f; h =sk ýý6 ternDe 19k.Y e asketjýýej( e jn 

eqkýLLre oL3QQOF ýs: "As.  
in determmjqg.gýýAlo'wab]6 stjesse-s.As7`ý`sh'__own i-n7 ýb t7 liar 
ý 4ý _ý4_d -5 -ý -__ý__ ý__ ___-1 ý-,17-_.  
s 

_7 

8 and +0.64 for norn)J-, an4,acqj&-,jjt c2114ýd ný', jýL 

W_ Ja B-_ e twe'e, n- i f ie, S_ h- -i- e, id, C-v-l-i--n,-d,--e-r,-"--d--a-",D--lsk Section' 

77 

_ýIetween t e s *e d cylin&r and-a diSK section _"c -fi et = _Welid 

a --1'S--'Co _ns ýLrýd _s'ý ý6ýw W 

_X_ ---------- -------- LOO in.  

Idj"' "d nqo 

pnjqýwel__4ý, qgjýý 011,section _ýýess reLql!§_6ý tLe 

ki F6 

6gs'."'Th 'Iti _A 3tj ehlL_ 

-7 _71 MA. 1z 6xi 3_ :qqncL1tjnnqýn 

ýection 'A dix R
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s L tqqLo gp use or the~ore iiti1 

iF (Sy.)rnx Ad, 

Mment (M) t~he eld~,is- calcultdbase o the ben Tjy" diii4 jioý 

m o dulu s of th e di sk cross-ecto S=l 26=16r 

_ 0 

The s-tr-e'ss onoet kp-c)atn tewl are: 

F,, 
X 

hjewj~~i

t 7Lfiý
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tor 3/-nhwl, th allowable stresses are: 

Taflo wable 0.* X yx- 225X',.,5kp h(omlCnion 

fa~ 0.42 x S. x- =0.4 x 66.0x- =10.395 kip /inch (Acdn odto 

the-w-eld evlution''s''ts fo-r ýt'h--"- gpove _ n2i 

Tnimu14I-4Mqgih of saeyfor the weld_ _ evaluatio is+EFý6g c6 
.conditions, resp~ectively 

Cý anist'er iS-,h-el I-B-e-a-ri'na ,-Stre's's E-v'a-lua'tiohn 
heari-n- ,-s-t~r"se-sse-i~n -t~h-e -cani'st-er shell ,pr oduc-ed byted -- s -- on-f th'e' GTCý1 t 

Welmen foch iedo~onditions aeobtained from th iieeeeta~ssrslsfrt 

evaluaio~i noq:dný h re _____ istL:L 

fiom"S'ections 10 riid15-of th~ei.initee elment model-S~2~2fyoain.o 
alCases._.AS Shown. the maiu.et-~kg- b~s~ 

$ecti cq I eýflýjI 

Q4ý2 -521- 2. 3 2.6 __.  

Qase-5 6.42

June 1999
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stress is 2.5 ksi. 'As sh ii.nthemammum egin~ stress is8'.4,ki 

ni... 4Let &rrn es 

Teshield cover Evaluaion hednti-h,,P.,ý-~t a 't -tD ,qC" 

srcoclsiedrp e inne sufc tte'hedco 1 ý'i4 17ý" 

cover adteshield cover~ i0.90Oinch.Thexin o~fe shed.'& 
ýherefore temnumbearn2geng h i 0.16Tinch.ýThic~r 
from, th e sijln-der' dufln- e~~j . &i~t drobs sohe aTC tbtAe~ 4 7 

weld te shied cove ring onp{ exos eV thatd 

Sectio~n i, 'S'ub'se-ction- NE.' 

L Shield cover * 

-, ~*Shield cylinderI 

0.9- inh .'nh
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-elmv e1 mdc 

~~2~1 0 PIk'20_ x 133x205 8,

Weld shear stress (i'±gU):9Jbui 

Weld bendin(1g) stes 1) f1 bi.

Ii __~0.38O.4X25O250&04x2 For normal conditic,~nj&'- x 153 , 

_____ _____ _____ ___o 60 x 153< 72

=, Z 8-
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pneqs~c ofjwec armls 

,$gp, tesupot weldgh ment bears agansttheshild______I_ý 

epv~pato Wtetickness =20 nhs(oi~g.~~bepcL 

448.8a inhe 

p7 =_ 237272 1b/i'w<K 4 .3 

-23720 x27E6 
=b0.59 =6,889 psi =6.89ksi 

M.S. --- = -12.27 

the~~of thaený30k

ff7lf:09
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00'; 
or~ nomlcniio,-IM 

S 9-22

Tis sectio v1 sthe eViifch'tion k t a a tco.nmIgn 

~Weight ofthe entireffGTCC Ia(3.0Abj maximur gCC ZaT. o 2'00 
__ple to th o h hedcln

P 32,400 +20,000 -' !S ='-x2-I x 202lks 
A.

is 3 =--x60-. x 064 s

The �4n of saf if6ii�xi& 11id'�cdidefit�biidi on is

4ý: 4'88'2in,;.tecross.-sectoionaJ area of th ~ixd

hhk-gimýof ýZfifyLfrolfw's -Got-tic NPýEýwaTTZZ

wfýý

E U: 2-n' 11, a
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S 2040 

Ti~ealuesijs concon ition (jje'd4 

~S ~ 1x -1- 175~ 

Whe.e4 

Iý_____Q.31,jukin tePossons rtio shed&Yidr sdtemndO0s mTsm.al 

------- s_ _ _ __ _ _ Formaugnofafe. & normalvaue sn cosr and u.7 e~,rpciel~ -___

r-:-7 __77 __ x-O"-7 x7759.67~~ 
S 2.15k
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0 67 _______067_k_59.6

Smpport 5TIý 

ýT tose5Vid eni 

beýtween the disk and thTca

0.38 in.: file

LL-5.25 k

The weight of one2dsk8isW. - = 88 lbs for ig 

The weight per umt width iw• 3. Ob-(c6n"e"e.  
-)-.. 54.8+ 653 wiel) 

7LX 

The mai-imnumb mfr te 

___ -=7.9,.hh 131 !M ""' ?- 7 = N•.r~t• 131OZO ::v}a''"::;i•7: ":gsi:ag'••• 

: T.e e. ~_ngs.~.ss • g 2£•cLg_!••• 

•u _~w~a•.• _tts s.,s2,2e.U.30 A2

q_ atcrg.i& 0)
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~~=1ý Qx 94psi =0.948 ksi 

1 -t= -..1r5e2>.  
S S -0.9489> ~jj 

6x7S9x= 2,844psi'=2.84 ks 
1.00 x 1.00 2.  

3The fillet-w-eld-sa-re-evaute n a-n*d-~c-cidentiidt -- ow

IW~pld, rtijsfor 2-line weld` 

A.-= 2 inch6 

~~A.O~ 3 .0=in0 

For Ig the shear stress acrios's weld is-,: f, = 1.5 lb/inj 

For Ig',the' stres's due' to bending across eldis:,fX, .~ -y-7 -=*.lb/in" 

The IlP-4eid stress i ,s- 1 15,ý 79g.0 ~/n 

A 300O~T: &iable stes for -th we I a .o.'',RE -E
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Fx 0.4k2O500 

>,A42xS ,, '0.42x66000x 3 

Tespot edntconsists of th e~rto aed 

elsiy,_of 25.8E6 p~jFT 304,ti~jj.ýstee it 50OPBisW.  

wditonthe (000l)ardduetib7Jd verL'j'ý6F he .6fthe e.,i ýrconsidei&i~ 

analysis. Because the sepaator pat 3-inch thick}jý ip gjifferthan jhA suprtwilqY 
inch thick), which is'eddt hq~t pat~i miej~~sm t, 

bostor co ate d stress'-intnitv in th odi6~.~99'~ 
and 59270As, fo :omlan'ciet 

cor 

M's. = -- 00i

ýMM_1_4
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un --rý- 0 

9 WyOuly_____ r -.  

S7 ~ 1 2 ~ 

XI C 

kq~~~ ~ ~ en toai-des otwi nrmteg o lmn ho 
-ýýr 5j49 in-lb y4

_(Fi ~ ~~~ e *aaorba!(

, ý7r
K "'49 

S 527, psi 'O.527ksfl 
bt 41;kA" ý '25
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~~ato Vjff9~

*re'rio r.-nw I -s .s

= ( A~ 24".15, 23.92j 377i-(rs ci a r`' cýi

Frnormal conditions -(20g)': 

ýýSnorma=6.5 8ksi 
37.7 

S 20.0 104 M-S m7 1-11 4 
normal 658

accideot 3 -7 lOs.

J.. _________-

Not fhf th7nfi "f is&iii~~ -- P91 ,~~h b2,ý" -

K:

sy--k-i701
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~ iafbucldn2 stresis -S* sbed ide ee n n e sI al 

if42 Lo- ff -9& 

~,RB t 0x1, 27.OxlO 0.25,-! 

r ý31 ý 

68.25 ksP> 

Were: 
=--0O.31, te Poisson's iratio at 300'F3 

_ __,,2.x10ki modulus of elasdctv-7 t&300T.  

_ n hcns of the' uppr Ial 

InacracetAN Code Setq I 

_______.Susecton'N..Ahý " 
normal n accident conditions is 0.5 xS,, and 0.67xS, ~rsectii~h 

O.5xSCR >0,5x68.251 42 

M.S X!& 1i=1.32; 

weighti inii
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-W=32,302U,303`1529-3<28 L 27Iff? 

4-1262 - 867lý' 
4,17 '7sP1TA-k77 

7 -f6- 62 
AS - A s 

The t qiiii .a~j waeigh ofis:orlt 000bG 

___9 +1 '000 T77 

M.S. 1= 1 =~.2.42 A S__.2 4 . = 77 n2(rs eto a re fsp ot ed et 

20 -237 

b=~ =66,s, 6.5 _tk4sii iii;ris 

;výe igh.usng mar is:&vwga fL09~~,ai al 2' f~ri 

Formulas--2 50 tes n tn~i ut 

Thc~ess-+241
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ea±Wt .4),':2.7153~.5 s 

Where: 

:L2 IJ]J 00207 

4[7a r r.  
0.48 X29.42 x~ 7 6jc lbs~ 

The maximum stress (Sa the centeroftheplate is calculated by 

is= gx 2 .  

For the normal onditi~nk(2_Og)

S = 20x4 4,587psi 4.59 ksi 

FMXS S X____ 1520.00,4 

-112 A7-95
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ýSý='-x 4,587 =,3,761~psi~ 

S~66,000

Support Ring ________________ 

Wedetwe veifiWZheio a4pplid tt..e~ supný ~ h 
j_ pf o C 

I P=84 lb/in for IV 

Vinhweld

A Le ýýe ý Viii 
23.4inc._Ci~iengWeej i 

W21ý~cý

P67"&-ýakci&nt coiid!ý16
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For 1g th-e, hedr'stress across the Weld is': f 42- - -b/=r42,b I 

FrIthstesdue to the mnomenit acoss the iWeld is: f 841b~n

The tota wedsrs s ýý 4 9 bi o~ 

fort te 12inch wt ld, the-m-a~r`_n of safety is cakýiulated as:,

theii~riA ~odifionj(Qg)-

K~O.4S X0.5 0O.4x22,500xO.5 
~'2OX94~ ___ 

fo r, th,..e-a-c'c-id-enft c-o'nditi-onlg

gxS -60x94 -=.6
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Figure :2. 11.2.t-2 ManeYankeeGTCCQ_, Basket Finite ElemffeiitýModel Pressure Loadting

y

N
4

":' 

Case 5 d 
2t %

4
C

" - . ( i~iii~l! - .  

4- 4' • ,4'i 

:- : : -'• "•:":" k.;.  

'.4 • ... 4,4: N4

�.1 1.2423
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i4 Finite Element Model jM ne Yankee GTCC> Ba)ket, 

BEAM3 elements 

r(Thickness =3.0 in.)
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igur&-2.11.2. 1-5 del -for-' Maine• .. .G Ti••> __44_ kq

2% of th

I

e area -

SHEL6 3 element. . .  
- -Thickniess ..... 3 .00. '•:, i,,.: Edtge Simply.Suppore
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Tab-le 2'..11 2.1
ýon9dition _.Side PDrop

Section S ection -Op ectiorn Section Sectin Section~gi Sectio Seton" 
No.1 ~1o. j No.3 ~4 N.q ~6 Np. o.-8 P;o 

P.s +. 5.4 12.0 4.9 4.8 4.6 4-9 _ .  
1.9 ~7.6 ~ 7.6 ._ _ _ 

:ý1.5 0. 2.2 3. 0.4 .5 Q. 4.0 
Cas 3. P 4.8 4.9 12.0 

Case 5.6 [1*7 5.1 .1 1. M_ M_ 
Pw +,P, 11**0 10.3 10.0 9ý__ 8.6 .6 __8 

0.3 2.7 5.2 pA ý6 4.4 
Ca e F PM :+Pb 5 .2 4_ 61.5 ~ 1_ 

Table 2.11.2.1-2 Maine Yankee GTCC Basket Weldment Sectional S r~~for 

Acien onditilon Side_ Drop (kA~ 

Section Section Secio Section Section ecoi ton S e iio kS'tio:n 
N6.1 N-2,N. ~4.'4 N. o6 N7 N 

Cae P I6 7. 4.4 0.7 9`6 ý.4 

-27. __ ý4 8. 7 Q 

Case 4' 
J55 ýn80 26.5 26.0 20.l 9 723 '22 118.12 t2 

~ase5 N, 3.8' 

Pm+ýPbI Iz4 Iq 11.9 11 _ LA__ -_6_____ 42 1 
m ___i U 'ý63 L9__ m__ d2__w__w

LW2�
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_abee42L 41-9 j 

§7 ý0.0__ 

Nlo r maj (S, @ 300QF) LAL8______ 

Conditior ___ ý0.0 

_____________ (5 S, @'3000 F), 

~icien 28.2' 46.2 
'Accden (0.7 Su @ 300'Fj 

,Qondition 6.  
_______ _ _____ ___ _______ (Su @ 300'F)_ __ __ _ 

Ta~blde- 2'.11.2f1-4- E- -- utoof th- Wk -Id e r~ 
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