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1 0 INTRODUCTION

The spent fuel currently residing in the 105 KE and 105 KW storage basins will be placed 1n fuel storage
baskets which will be loaded into the MCO cask assembly During the basket loading operations the MCO
cask assembly will be positioned near the bottom of the south load out pit (SLOP) The loaded MCO cask
will be lifted from the SLOP transferred to the transport trailer and delivered to the Cold Vacuum Drying
Facility (CVDF) In the wet condition there 15 a potential for cniticality problems if sigmficant changes 1n
the designed fuel configurations occur The purpose of this report 1s to address structural 1ssues associated
with criticality design features for MCO cask drop accidents 1n the 105 KE and 105 KW faciltties

2 0 SUMMARY AND CONCLUSIONS

A structural evaleation of MCO cask drops within the 105 KW and 105 KE facilities has been made
relative to linitations imposed by criticality considerations for spent fuel contained 1n the MCO baskets The
evaluation began with a comprehensive review of the existing MCO cask drop analyses This was followed
by an evaluatton of the potential cask drops associated with a loaded MCO cask within the K Basin facilities
Bounding K Basin cask drops were 1dentified and the corresponding peak deceleration levels were
quantified The bounding deceleration levels were estimated using a combination of target hardness
methodology from EPRI (1993) impact loading ultimate strength calculations and comparisons with
existing drop calculations

The structural limits imposed on the MCO by cnticality considerations are

1) The lateral deformation of the Mark 1A basket center posts 1s limited to a 2 1n lateral shuft relative to
the MCO shell centerline

2} The circumference of the inner surface of the MCO shell cannot increase by more than 0 8325 in
This lrmut apphes to both the Mark 1A and Mark IV MCO assemblies

3) The MCO basket bottom plates must remain 1n place to separate the fuel masses but distortion or
minor movement of the plates 1s acceptable

Based upon a review of the existing drop analyses and engineering judgement seven damage
mechamisms were 1dentified for further study Each mechanism was evaluated relative to the bounding cask
drop deceleration levels The following conclusions result from this analysis
e The bounding vertical drop 1s a 36 ft drop nside the SLOP

e The bounding horizontal 1mpact 1s a drop on the SLOP west curb wall

¢ The cntical mechamsm for inducing lateral deflections of the Mark 1A basket center post 1s a shear
failure of the center post coupling mpple during a horizontal impact
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e The ultimate shear capacity of the coupling nipple was calculated to be at least 153 g The deceleration
associated with the bounding honzontal drop was calculated to be 52 g

e The critical mechanism for increasing the circumference of the MCO shell 1s internal pressure mtroduced
by the fuel dunng a vertical cask drop contaiming Mark IV fuel baskets

e The MCO shell hoop stresses associated with the internal pressure of the bounding vertical drop are

below the yield strength of the MCO matenal

e The resulting circumferential increase of the mnner surface of the MCO shell 1s 0 09 in - which 15 well

below the limit of 0 8325 1n

e Although the basket bottom plates may experience some minor distortion no mechanism can be
established to cause major movement of the plates The MCO bottom plates remain effective in

separating the fuel masses

Although the methods used 1n this evaluation were approximate and rehed significantly on engineering
Judgement sufficient safety margins exist to conclude that the MCO criticality design features wall perform
their functions for the bounding MCO cask drops in the K Basin facilities
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3 0 SYSTEM DESCRIPTION AND CRITICALITY LIMITATIONS

The next two sections contain a description of the loading operations and a histing of the structural limits
mmposed by cniticality considerations

31 SYSTEM DESCRIPTION

The Spent Nuclear Fuel Project will remove spent nuclear fuel from the K Basins in a Multi-Canister
Overpack (MCO) contained 1n a shipping cask Fuel canisters containing fuel stored in the K Basins will be
washed  a cleaning machine to remove fuel sludge pnior to removing fuel from the camisters Following
washing the spent fuel will be removed from the camisters and will be loaded into MCO baskets The MCO
baskets have a center post designed to couple with and support the bottom of the next basket loaded The
center post of the Mark IA MCO basket 1s a criticality protection feature designed to prevent fuel from
accumulating near the center of the MCO basket The baskets also have support posts around the basket
peniphery that support the bottom plate of the next basket up the stack The bottom plate center post and
support posts carry the MCO basket loads and transfer the load to the bottom of the MCO

The MCO baskets containing spent fuel are loaded into an MCO contamned 1n a cask 1n the K Basm
south loadout pit (SLOP) The MCO will be loaded with up to six MCO baskets After being loaded the
MCO shield plug will be placed on the MCO but 1t will not be secured All of these activities are performed
underwater in the K Basins

While inside the SLOP the cask assembly sits inside an immersion pail to prevent contamination of the
cask outer surface The immersion pail containing the cask and loaded MCO 1s lhifted with the transfer bay
crane until the top of the cask and MCO are slightly above the basin water surface The immersion pail 1s
secured 1n this position by pinning it to the immersion pail support structure (IPSS) After the tmmersion
pail 1s pinned the MCO shield plug 1s secured to the MCO and the cask lid 1s secured on the cask Some
process valves on the MCO shield plug are open to vent the MCO to the cask

The cask 1s hifted from the immersion pail with the transfer bay crane and moved to the cask transport

trailer The cask 1s secured to the transport trailer and then taken to the Cold Vacuum Drying Facility
(CVDF)

3 2 CRITICALITY LIMITATIONS AND ACCEPTANCE CRITERIA

Admunistrative controls and MCO design features are intended to prevent MCO cniticality accidents
The MCO cniticality analysts (FDNW 1999) credits these design features 1n demonstrating that the MCO
cask drop accidents will not result in exceeding the cnticality limits  The MCO design features are

e  MCO shell which limits the maximum diameter that accumulated fuel scrap could achieve
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e Mark 1A basket center post which prevents fuel accumulation near the center of the MCO

MCO Basket bottom plate which provides spacing of fuel and provides support for the Mark 1A

basket center post

¢ MCO shield plug assembly which acts to center the top Mark IA basket center post

FDNW (1999) demonstrates that under normal and drop conditions the loaded MCO does not exceed
criticality hmts provided the design features continue to function to control fuel geometry In order to
demonstrate that the MCO meets criticality imposed structural hmits the present analysis must demonstrate

comphance with the following cnitena

& The maxaimum MCO inner circumference shall not exceed the circumference of a circle with a diameter

of 2325 m

¢ The center post of the Mark IA MCO basket shall not displace more than 2 1n relative to the center of

the MCO shell centerline

¢ The individual basket fuel masses shall maintain a vertical separation at least as great as the basket
bottom plate thickness Failure of the basket bottoms resulting in significant bending of the bottom plate

1s not acceptable
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4 0 DROP DEFINITIONS

This section discusses drops along the travel path of a loaded MCO cask at K Basins The cask
contaimng an empty MCO arrives at K Basin on the transport trailer The empty MCO cask assembly 1s
placed nto an immersion pail and lowered to the bottom of the SLOP for fuel loading MCO baskets
containing fuel are placed in the MCO The shield plug with the long process tube 1s then placed 1n the top
of the MCO The shield plug 1s not secured for the first lift and the cask lid 1s not placed on the cask for the
first hift

The first ift raises the immersion pail containing the uncovered cask and loaded MCO with loose shield
plug to the upper position in the IPSS This positions the top of the cask and MCO just above the basin
water surface  The immersion pail 1s secured 1n this position by pins in the IPSS The MCO shield plug 1s
secured and the cask cover 1s installed The cask containing the loaded MCO 1s then hifted from the
immerston pail and moved to the transport trailer The cask 1s secured to the transport trailer prior to
movement of the trailer

The MCO 1s always 1 the cask while at K Basins  With one exception all postulated drops in the
K Basin occur with a completely assembled MCO vented to the assembled and sealed cask The one
exception 1s a drop that occurs duning the first ift described above  The MCO cannot tip over following this
drop because even 1f the transfer bay crane two blocked not enough vertical clearance exists to raise the
cask above the IPSS

The following assumptions were made when defining the potential drops in the K Basin
e Lifts involving vertical movement of the crane hook are assumed to occur from the two block height of
the crane hook Adjustments to the drop height are made to account for ngging Since the ngging for

the cask and immersion pail differ the drops heights are different

o Lifts not involving vertical movement are assumed to occur from the second limit switch height of the
crane hook Adjustments to the drop height are made to account for rigging

Potential drops n the K Basin are summarized in Table 4 1
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Table 4 1 Drop Defimtions

Drop Description Drop Height Comments

1 Loaded MCO with loose shield plug inside open cask 16 feet Since the stueld plug 1s not secured 1t 15 assumed that the
The cask and immersion pail assembly 15 hifted to the shield plug does not support the upper end of the upper
transfer bay crane two block posiion and dropped back MCO basket Rebound due to the drop 1s not assumed to
into load out pit cause the MCQ baskets to leave the MCO or to totally

disengage the center post inserts between each basket

2 Sealed cask contaimng loaded MCO with secured shield 36 feet Assumes inmersion pail pins are sheared and 1mmersion
plug 1s lified to the transfer bay crane two-block position pail wath integral impact limuter and cask falt to basin
and dropped back mto load out pit floor

3 Sealed cask contaimng loaded MCO with secured shield 8 25 feet to curb wall or | Highest energy impact occurs with slap down all the way
plug 1s hited to the transfer bay crane two-block position 1025 ft for transfer to the transfer bay floor Hardest impact surface 1s the load
and dropped onto IPSS/ loadout pit wall or other structure bay floor out pat wali  Impacts 1o miscellaneous equipment are
then slaps down to transfer bay floor loadout pit wall or ignored
transfer channel

4 Sealed cask containing loaded MCO with secured shield 4 feet Highest energy impact occurs with slap down all the way
plug 1s hified to the transfer bay crane second limit swatch to the transfer bay floor Hardest impact surface 1s the load
position and dropped onto transfer bay floor then slaps out pit wall Impacts to mscellaneous equipment are
down to transfer bay floor or loadout pit wall ignored  Bounded by drop 3

5 Sealed cask containing loaded MCO with secured shield 7 25 feet to teatler or Tratler height 1s assumed to be 3 feet off the transfer bay

plug 1s hfted to the transfer bay crane two block position
and dropped onto trailer then slaps down to transfer bay
floor

10 25 ft 1o transfer bay
floor

floor
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50 KBASIN DROPLOAD CALCULATIONS

The purpose of the following sections 1s to define the impact forces and accelerations acting on the cask
during drops 1n the K Basin For the purpose of establishing impact accelerations the drops are divided into
the 36 ft vertical drop nto the south loadout pit (SLOP) drops onto the basin floor and drops onto the west
curb wall of the SLOP The cask accelerations for the 36 ft drop into the SLOP have been calculated using a
fintte element model of the SLOP Cask accelerations associated with drops onto the K Basin floor have
been estimated using methodology presented in EPRI (1993) Cask accelerations associated with drops onto
the west curb wall have been conservatively estimated using simple hand calculations based on the ultimate
strength of the concrete and the impact area

51 VERTICAL DROP INTO THE SOUTH LOADOUT PIT (SLOP)

MCO cask drops nto the SLOP were addressed in M&D (1999) The same structural model and
methodology used 1n M&D (1999) were used here to calculate the structural response to the bounding 36 ft
high drop described 1n Section 4 0 The following conservative assumptions were apphed to the evaluation
of the vertical drop into the SLOP

e No credit was taken for energy absorbed for impact loading on any of the Immersion Pail Support
Structure (IPSS) or Immersion Pail (IP) structures
The relatively thin impact absorber at the bottom of the IPSS was 1gnored
The impact velocity reductions associated with the SLOP water (buoyancy and drag forces) were
1gnored

The dynamic finite element analysis utilized the ANSYS' computer code The finite element model used
in the drop analysis 1s shown in Figure 5 1 The details of the structural model are discussed in
M&D (1999) The mussile impacting the bottom of the SLOP was modeled as a ngid body (no energy
absorbed by nmussile deformations} A bounding MCO Cask/IP mass of 70 000 1bf was assumed The SLOP
floor impact velocity consistent with the above assumptions 1s

v=1[2gh =/2(32 2)(36) =48 2 ft /sec = 578 in/sec

The predicted deceleration of the model ngid mass 1s shown 1n Figure 5-2 Note that a peak deceleration of
87 g 1s predicted Also note that the deceleration duration 1s approximately 44 milliseconds (ms)

! ANSYS 1s a registered trademark of ANSYS Inc
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SLOP Model

Figure 5 1 Fimte Element Model of the Bottom Portion of the South Loadout Pit (SLOP)
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Figure 5-2 MCO Cask Acceleration Time History, SLOP Floor Impact

52 DROPS ONTO THE K BASIN FLOOR

EPRI (1993) provides a method of calculating accelerations acting on shipping casks when subjected to
accidental drops onto concrete storage pads The concrete targets are characterized with a target hardness
number that accounts for the concrete properties the underlying soi1l properties and the cask weight and
dimenstons Table 5 1 shows the parameters used for the determination of the K Basin floor target hardness
along with the range of variables used in EPRI (1993) It 1s recognized that uncertainty exists when applying
the methodology of EPRI (1993) to drops in the K Basin  Sources of uncertainty include proper scaling of
the results based on cask size extrapolating target hardness vanables outside the range used in the EPRI
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study and the assumption of constant acceleration inherent 1n the EPRI study methodology On the other
hand the target hardness numbers calculated for the K Basin drops are well within the range considered n
the EPRI study the cask accelerations predicted by the EPRI methodology provide at least a rough estimate
of expected accelerations and significant margins exist between predicted and allowable accelerations

Design Parameter Yalue used for Range of Values used in
K-Basin Floor EPRI Study
Concrete Elastic 38x10° 25x10°-36x10°
Modulus (Ibfin)
Concrete Ultimate 4 500" 2000 - 4 000
Strength (Ibf/in®)
Poisson s Ratio for 017 017
Concrete
Soil Elastic Modulus 30 000 10000 - 60 000
(Ibfin’)
Poisson s Rano for Soil 045 045
Steel Reinforcement 0115 0463-0722
Ratio (%)
Cask Radius (1n ) 20° 44 45°
Cask Weight (Ibf) 62 000 200 000"
Cask Length (1n ) 160° 200’
Concrete Slab 25 36
Thickness (in )
Rebar Yield Strength 40 000 60 000°
(Ibfhn?)
Resultng Target 40 000 200 — 400 000
Hardness

50% higher than the design strength of 3 000 IbfAn”

2 Upper bound for a sand/gravel mix per Bowles (1988) Table 2 7

3 DESH (1999)

*Typical value rather than a vanable parameter in the study

SRail foundation thickness

Table 51 Comparison of K Basin Floor Impact Parameters to EPRI Study Parameters

The analysis considers both vertical (end) drops and side (edge) drops In the case of an end drop the target
hardness 1s given by

S.,=2r Ak M, o (W{1-ecospr)

In the case of an edge drop the target hardness 1s

edge =

2AE M, o,

w? B
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In the case of the end drop the parameters have the following defimitions

r = cask radws
A = cask footprmt=nr r’
_r E,
1- Uzs
E, = soil elastic mo dulus

v, = Poisson’s ratio of soul
M , = ultimate concrete moment capacity per unit width
o, = ultimate strengthof the concrete

W = cask weight
_ Es 1/4
B o DC)

__E W
© 12 (1-2%)
E_ = concrete elastic mo dulus

flexural ngidity of concrete slab

v, = Poisson sratio Of concrete

h = concrete pad thickness

In the case of the edge drop the parameters fand A have different meanings as follows

_ Es i/4
ﬁ_(4 E, IC)
3
IC=L h
12

L = cask length
A = cask footprintarea=D L
D = width of cask footprint (D s ava riable quantity)

Given the target hardness and the drop height EPRI (1993) provides data for calculating the average
acceleration of the impacting cask The methodology assumes that the acceleration 1s constant throughout

the impact
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521 End Drop

Both vertical (end) and horizontal (edge) drops on the transfer bay floor will be considered The drops
are assumed to occur on the rail slab portion of the transfer bay floor The rail slab has a thickness of 22 5 1n
and has #5 rebar spaced 12 1n on center (GE 1955) Using the methodology descnbed in EPRI (1993) the
target hardness of the rail slab for a vertical (end) drop 1s approximately 43 000 (see Appendix A)

According to Figures 22 through 29 of EPRI (1993) the resulting average cask accelerations will be between
20 and 30 g for drop heights greater than approximately 12 1n

522 Side Drop

The target hardness for an edge drop on the rail slab 1s estimated to be between 16 000 and 40 000
depending on the size of the cask footprint If the larger value of 40 000 1s used the conclusion 1s the same
as for the end drop That i1s the average cask accelerations will be between 20 and 30 g for drop heights
greater than approximately 12 1n

53DROPS ONTO THE WEST CURB WALL

Estimates of the cask acceleration for drops onto the curb wall can be made based on the contact area
between the cask and the wall and the ultimate compressive strength of the concrete

531 Vertical Drop

Assumung a centered vertical (end) drop an upper bound estumate of the contact area 15 given by
Acamar=(deast)(Waan)=(40 10 )(17 75 10 =710 1n’
where
Qinex 18 the MCO cask diameter and wyq 1s the width of the west curb wall (GE 1955) The maximum force
that can be exerted by the wall on the cask can be estimated by muitiplying the ultimate compressive strength

of the concrete by the contact area If the ultimate strength of the concrete i1s assumed to be 4 500 Ibf/in® the
maximum impact force 1s given by

Fendmax=(Gu)l Acngmax)=(4 500 1bfn®)(710 n*)=3 2 x 10° Ibf
The corresponding cask acceleration given 1n terms of g level 1s

cask=(Fendma)/(Weas)=(3 2 x 10° Ibf)(62 000 1bf)=51 6 ¢
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5 32 Side Drops

Given the travel path from the IPSS center to the cask transport trailer drops of the cask onto the SLOP
wall are possible only during a small portion of the travel path Therefore a direct drop onto the SLOP curb
1s very unlikely The most hkely cask impact onto a SLOP curb wall would be due to a slap down following
a vertical drop adjacent to the wall This 1s because during a slap down the long reach of the cask height
(160 1n ) comes nto play For a slap own onto the curb wall the tmpact area would be small since the
impact would involve a cylindnical surface impacting one edge of the curb wall The 1mpact area would
increase as the concrete crushes  An upper bound to the impact area 1s the cask diameter times the wall
thickness which 1s the same area considered for the vertical drop in the previous section and leads to the
same bounding acceleration of 52 g

A worse case could be postulated by assuming a horizontal drop onto the west wall with the cask axis
parallel to and centered over the curb wall However this requires the following combination of unlikely
events
1) The drop would be imtiated at precisely the point in time when the cask reaches the midpoint of the
curb wall (centered over the curb wall)
2) A single cable failure would result in a full 90° rotation of the cask before 1t reaches the top of the
curb wall
3) The cask axis would be precisely ortented 1n the north/south direction (parallel to the curb wall)
4) The cask axis would be precisely honizontal at the time of impact

The probability of this combination of unlikely events 1s not credible Therefore the 52 g deceleration 1s a
reasonable upper bound for a side drop mvolving the curb wall
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6 0 RESOLUTION OF CENTER POST SHIFT CRITICALITY LIMIT

As discussed 1n Section 3 2 cniticality considerations require that the Mark 1A basket center post remain
within 2 0 1n of the MCO shell centerline  An 1llustration of the Mark 1A basket geometry 1s shown 1n
Figure 6-1 Note that the center posts are nearly solid (6 625m OD 175 ID) Also note that the

1 25-in thick base plates act as centering devices for the center post From the relatively stout natu

re of the

basket geometry alone 1t 18 quahtatively concluded based on engineering judgement that a 2 0-in lateral

shift of the center post 1s not possible for drop accidents at the K Basins

Based upon a combination of judgement and a review of earlier drop calculations the mechanisms
dentified in Table 6 1 have the potential for producing significant lateral shifts 1n the center post due to a

MCO cask drop accident A detailed evaluation of each mechamsm follows below

Table 6-1 Basket Center Post Lateral Shift Mechamsms

Mechamsm
Number Mechamsm Title Mechamsm Description
t Inelastic Center Posi Vertical drop plastic bowing/buckhing of the bottom basket center post due to a
Buckling Vertical Drop combination of tagh axial loads and a moment due to eccentric loading (non uniform
fuel loading and/or basket nusahignment
2 Basket Stack Instability The Mark 1A stack of five baskets are loosely fit within the MCO cyhinder (3/8 in
Failure Vertical Drop diametral clearance) The MCO cylinder loosely fits within the MCO cask (1 21n
diametral clearance) Dunng a vertical drop an instabality farlure of the MCO
cylinder/basket stack assembly 1s postulated to occur inside the cask resulung in
sigmificant lateral shifting of the center post
3 Hot1zontal Drop Center Center post lateral deformations due to an inelastic bending response to fuel and center
Post Beam Bending post mertial loading duning a horizontal drop or slap down
4 Center Post Thread Center postbottom plate separation due to faslure of the center post acme threads during
Failure a hortzontal drop or slap down
5 Bottom Plate Plastic Plastic deformations 1n the basket bottom plates due to high 1nerta Joads acting through
Deformations the plates dunng a honzontal drop
6 Center Post Coupling Dhsengagement of the center post coupling mpple dunng a sequennal vertical slap
Disengagement down drop resulung from a combination of adverse tolerance stack up and internals
shorterung duning the vertical drop
7 Center Post Coupling Shear farlure of the relatively thin walled center post coupling mpple dunng a
Shear Falure honzontal drop or slap down
8 Loose Shield Plug For the mitial cask ft the MCO shield plug has no vertical constraint A vertical drop
with a loose shield plug could result in basket assembly/shield bounce which could be
followed by a disengagesment of the center post coupling mpple
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6 1 INELASTIC CENTER POST BUCKLING

During a vertical drop the bottom Mark 1A basket expenences the highest inertial loading coming from
the five baskets above Most of the load 1s carned through the bottom basket center post Due to both lateral
shifting of the baskets and uneven fuel loading eccentric loading on the bottom basket 1s expected The
combimnation of high axial loading and bending moments 1s a potenttal mechanism for lateral instability of the
bottom basket center post

From Drawing H 2-828060 Rev 1 the maximum lateral offset at one basket interface 1s 0075 in  The
cumulative offset for five basket interfaces 1s 5( 075) =0 375 1n or an average basket offset of 0 188 in
The uneven fuel loading 1s assumed to be limuted by the tip angle of the basket during basket insertion
Drawings H-2 828042 Rev 4 and H 2-828060 Rev 1 indicate that if the tip angle 1s more than
approximately 7 3° (tan [0 783/6 1]) the edge of the basket will catch on the canister collar seal shoulder A
tip angle of 7 3° corresponds to a center of gravity offset of approximately 1 51n (12tan{7 3°]) Thus aload
eccentricity of 15 + 0 188 = 169 1n 1s a reasonable bounding value because greater eccentricities would
interfere with basket loading

Using the bounding single Mark 1A basket weight of 2 400 Ibf the bottom basket 1g loading from the
five baskets above 1s 5(2 400) = 12 000 Ibf From Section 5 1 the bounding vertical drop deceleration 1s
87 g resulting 1n a bottom basket load of 87(12 000) =1 044 000 Ibf This load 1s well above the yield
strength of the support nbs beneath the bottom basket indicating that the 87 g load 1s conservative for the
baskets Due to the very low effective slenderness ratio of the center post (kl/r = 10) the instability loading
1s well above the yield strength This 1s demonstrated by performing an plastic instability analysis using the
ANSYS computer code

The finite element model of a single center post 1s shown 1n Fagure 6 2 This scale model 1llustrates the
stout nature of the center post and suggests that a buckling fatlure 15 very unlikely Plastic pipe elements
{PIPE20) were used in conyunction with the ANSYS large displacement option (NLGEOM) The bottom end
was fully constrained and the top end of the model was conservatively assumed to be pinned (no rotational
constraint) A static analysis was performed but the strain rate dependency of material yield strength was
included From Section 8 3 2 of Jones (1997) the stramn rate dependency of 304 SS can be expressed as

o,’ (aelat )mo
=1+ &2

lod 100

0

where g, /g, 15 the ratio of dynamic-to-static yield stress and Jg/e* 15 the strain rate (in/in/sec) From Figure
5-2 aramp time of 0 02 sec 1s obtained For a total strain equal to the yield strain over the time duration a
strain rate of (0 001/0 02) = 0 05 in/in/sec 15 obtained Substituting this strain rate into the equation above
gives
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% 14[295) J147
o, 100

Thus a 47% increase n the 150 °F yield strength was included 1n the matenal defimtion used 1n the
computer model Note that Paragraph F-1322 3c of the ASME Code allows for yield strength increases due
to strain rate effects

Using a load eccentricity range of 1 to 3 1n  the conservative loading of 1 044 000 Ibf was incrementally
applied With the full load apphed the solutions remained stable A typical deformation pattern 1s shown n
Figure 6-3 The maximum lateral displacement (bow) of the center post as a function of load offset 1s
shown 1n Figure 6-4 Note that the 2 1n center post deformation himat 1s met for load offsets 1n excess of
31in Because the 3 in load eccentricity exceeds the maximum of 1 69 1n estimated above the center post 1s
adequate for the 87 g drop load

Although the finite element analysis demonstrates that the 2 in limit 1s met for the maximum g loading
1t does not address the instability safety factor Paragraph F 1341 4 of Section 111 of the ASME Code
specifies that the applied load shall not exceed 70% of the plastic nstability load (P;) which corresponds to a
safety factor of 1/0 7= 143 In addition to the center post capacity the Mark 1A baskets have six support
rods positioned on the outer periphery of bottom plate From p 25 of Parsons (1999) the combined capacity
of the support rods 1s 393 750 Ibf This capacity 1s based upon a drop temperature of 270 °F  For the K
Basin operating temperature of 150 °F the matenal yield strength 1s 17% higher

An estimate of the support rod capacity at 150 °F can be found by a simple rat1o of the reduced
temperature yield strength increase The result 1s a support rod capacity of 393 750(1 17) = 460 700 Ibf The
combined capacity of the center post and support rods 1s 1 504 700 1bf Thus combined capacity corresponds
to a safety factor of 1 44 which exceeds the ASME factor of 143 A much larger margin would be obtained
by taking advantage of the strain rate dependency of the support rod material as indicated by the discussion
above for the center post analysis
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Figure 6 2 Mark 1A Basket Center Post Instability Analysis Model
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Figure 6 3 Predicted Bottom Basket Center Post Deformations - Vertical Drop
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6 2 BASKET STACK INSTABILITY FAILURE, VERTICAL DROP

Due to clearances at the basket to-basket interfaces there will be some off center shifting of the baskets
Fabrication tolerances also allow some rotation of the bottom plates These initial deviations from vertical
will be amplified during a vertical drop and significant beaning stresses can develop at the interfaces between
the basket and the MCO shell As the bearing stresses increase significant MCO shell deformations can
occur further amphfying the basket stack deviations from vertical Thus an instability type failure can be
postulated for the MCO shell and basket assemblies

If the above instability failure occurred the MCO shell lateral movement would be hmited to the inside
boundary of the ngid MCO cask (1 2-in diametral clearance) For the most extreme case the relative
displacement between the center of the MCO shell and the basket center post 1s rmited to the 1 2 1n
diametral clearance Therefore a basket stack instability producing a lateral shift of a center post of greater
than 2 1n 15 not posstble In reality the maximum shift of a center post relative to the MCO centerline should
be very small for the basket stack instabihity farlure mode

6 3 HORIZONTAL DROP CENTER POST BENDING

During a horizontal impact the inertial loading from the fuel and center post will induce bending stresses
in the center post If the bending stresses exceed the matenal yield strength lateral deformations n the
center post are possible

Section 8 1 3 of Parsons (1999) addresses the structural adequacy of the center post for a horizontal drop
using ASME Code requirements The maximum beam bending stress occurs adjacent to the threaded
connection At that location the bending stress 1s 29 5% of the ASME allowable bending stress fora 101 g
honzontal drop This results 1n an allowable acceleration of 101/0 295 = 342 g for the center post bending
fallure mode which 1s well above the bounding accelerations for the K Basin horizontal drops

6 4 CENTER POST THREAD FAILURE

The center post 1s threaded 1nto the bottom plate as shown 1n Figure 6-1 During horizontal impact a
significant bending moment will occur at the threaded connection If the shear stresses in the threads are
excessive the connection could fail and center post separation could occur

Section 8 1 3 of Parsons (1999) addresses the structural adequacy of the center post to bottom plate
threaded connection for a honizontal drop using ASME Code requirements The maximum shear stress in the
threads due to a 101 g honzontal drop loading 1s 48% of the ASME allowable Limting the horizontal
tmpact loading to the ASME stress himits resuits in an allowable acceleration of 101/0 48 = 210 g which 1s
well above the bounding accelerations for the K Basin horizontal drops
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6 5 BOTTOM PLATE PLASTIC DEFORMATION

During a horizontal impact significant inertial loading 1s reacted through the basket bottom plates If the
combination of membrane and bending stresses 1n the plate exceed the matertal yield strength the resulting
plate deformations may result in significant lateral movement of the center post

Horizontal impact plate deformations and potential buckling in the bottom plate are addressed 1n
Section 8 3 4 of Parsons (1999) For a honzontal impact loading of 151 5 g a maximum bottom plate
deformation of 0 51 1n was predicted No 1nstability of the bottom plate was predicted for the 151 5 g
loading Thus the horizontal impact capacity for the basket bottom plate can be conservatively estimated at
151 5 g This deformation 1s based upon a maximum operating temperature of 270 °F  For the maximum
K Basin temperature of 150 °F (FDH 1999) the matenal yield strength 1s 17% higher which indicates that
the 151 5 g capacity prediction 1s conservative

The above evaluation 1s based upon the assumption of a 60° arc of fuel mass 1s effective in loading the
center post Moore (1998) conservatively assumed that entire fuel mass was reacted through the bottom
plates The predicted deceleration of the cask center of gravity was 479 g which 1s much higher than the
predicted K Basin horizontal impact accelerations Moore (1998) predicted lateral shift of the center post to
be 125 n —less than the 2-in limit  Upon comparnison to the results predicted by Moore (1998) the
capacity predicted here 15 quite conservative

6 6 CENTER POST COUPLING DISENGAGEMENT

A center post disengagement requires a sequential drop that 1s a vertical drop followed by a honizontal
slapdown The vertical drop magnitade must be sufficient to produce significant inelastic shortening of the
MCO internals resulting 1n a corresponding reduction 1n engagement length of the top basket couphng If
the engagement reduction 1s sufficient basket decouphing 1s possible and during the horizontal impact basket
rotation may result 1n a center post shifting in excess of the 2-in limut

As 1llustrated 1n Figure 6 1 each Mark 1A basket has a coupling mpple” which nserts into the basket
above The top basket nipple inserts into the filter guard plate as shown in Figure 6 5 From the Mark 1A
drawings the nominal engagement of the mpple into the filter guard plate 1s 1 65 11 Accounting for
dimensional tolerances a reasonable statistical lower bound engagement 1s 1 57 1n

For a vertical drop followed by a honizontal slap down there 1s a potential for an axial shortening of the
MCO nternals due to axial stress levels that exceed the matenal yreld strength during the vertical impact I
the corresponding reduction 1n engagement length 1s sufficient 1t 1s possible that the top basket could lose 1ts
engagement with the filter guard plate and lateral displacement of the center post could increase

A review of the MCO internal vertical load path mdicates that the mmimum axial cross section 1s
associated with the six basket support nbs underneath the bottom basket A sequential drop can only occur
outside the SLOP which from Section 5 1 hmuts the vertical drop acceleration to 52 g From Section 5 2
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the maximum acceleration associated with a drop outside the SLOP 1s 52 g Using the bounding Mark 1A
basket weight of 2 400 Ibf the 52 g load on the support nibs 15 5(2 400)(52) = 624 000 Ibf From

Drawmg H 2 828041 Rev 1 the cross sectional area for the six basket support ribs 15 6(9 8}(0 5) =29 4 n
The corresponding axial stress 15 624 000/29 4 = 21 200 Ibf/in®

It 1s noted that the cross sectional area of the center post and six support rods 1s 48 3 in> which 1s 64%
higher than the support ribs cross-sectional area Also the support nbs carry the inertial loading from all six
Mark A baskets compared to five baskets for the bottom basket Thus the maximum ax:al load 1s
controlled by the support nibs and the sigmficant plastic strains should be limited to the support nibs

The basket support ribs are fabricated from SA-240 304L stainless steel which has a minimum yield
strength of 23 200 Ibf/in” at the maximum K Basin operating temperature of 150°F Considering some
dynamic amplification of the predicted axial stress of 21 200 Ibf/in® some nelastic shortening of the basket
support plates 1s possible As indicated in Figure 6 1 the coupling mpple has a 0 45 i chamfer at the top
end It 15 assumed that disengagement wall not occur 1if the chamfer remains mside the guard plate  This
results in an axial shortening limut of 1 57 -045=1121n The support nibs are only 1 24 10 high Thus
the nb plates would have to be almost totally flattened to achieve a 1 12 mn height reduction The
corresponding area increase plus matenal strain hardening would increase the load resistance and prevent a
1 12 1n height reduction

Eccentric loading on the support nbs may result in some twisting action 1n the nbs which raises the
possibility of nb support instability (rolling action) However even if this occurs the nbs are 0 51n thick
and the height reduction1s 125-05=075m which1s lessthanthe 1 1210 limut Thus disengagement
due to support 11b shortening 1s not physically possible
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Figure 6 5 MCO and Basket Configuration
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6 7 CENTER POST COUPLING SHEAR FAILURE

As indicated 1n Figure 6 1 the minrmum cross section of the center post occurs in the coupling nipple
Just above the top shoulder of the center post For a honizontal impact significant inertial loading 1s reacted
through this mintmum cross sechon potentially allowing for a shear failure 1n the couphng A coupling
failure 1s a possible mechanism for a center post movement above the 2 in design requirement

From Section 5 3 the bounding horizontal acceleration 1n the K Basin area1s 52 g Assuming a fuel
loading over a 120° arc (corresponding to 16 39 7 1bf fuel elements) results in a 1 g fuel mnerhal loading of
(16)(39 7) =635 Ibf The corresponding center post inertial 1 g loading 1s

2 2
F 76625 ~(175))

cpost

(21 7)(0 294) = 204 Ibf

The minimum cross sectional area 1n the coupling 1s

_ 7[(2 645)> —(2 035)°]
mm T 4

A =224 n’

From Section 8 1 4 of Parsons (1999) the ASME allowable shear stress for a drop accident 1s 42% the
ulumate tenstle strength of the matenal At the maximum K Basin operating temperature of 150°F the
minimum ultimate strength of the center post material 1s 68 100 Ibf/in? resulting mn a shear allowable of
28 600 Ibf/in®> Conservatively assuming that half of the mertial loading 1s carried by the center post
connection to the basket bottom plate (bottom end of center tube has moment resistance) the allowable
acceleration for this mechamsm 1s

_28,600(224) _

= =153
Saw = 635420872 ¢
It 1s noted that the bottom basket interfaces with the nb support plates at the bottom of the MCO which
also has a couphng mipple  However if this nipple fails the bottom plate of the bottom basket would
maintan the center post position

6 8 LOOSE SHIELD PLUG

For the imtial cask hift up to the Immersion Pail pin nstallation the MCO shield 1s not secured If a drop
occurred prior to securing the shield plug the MCO contents could bounce upward following impact If the
relative motion during the bounce 1s high enough a center post coupling nipple could become disengaged If
a relative lateral shaft at the disengaged joint occurs during the bounce re engagement might not occur
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A quahtative evaluation of the mechanism described above indicates that this mechanism 1s not a
credible 1ssue relative to the acceptabihity of the cniticality design features for the following reasons

1) The process tube connected to the bottom of the sheld plug passes through all of the baskets and will

help keep them lined up

2) The couphng mpple 1s tapered at the end and thus encourages re engagement
3) The inertial loading 1s vertical implying that lateral loading and associated lateral shifting should be

mimmal

4) Evenif re engagement does not occur the two cnticality himits can not be exceeded unless a basket

bounces clear out of the MCO and dumps fuel back mnto the MCO which 1s not credible

6 9 CENTER POST LATERAL SHIFT EVALUATION CONCLUSIONS

From the above evaluations of the potential mechamsms which could result in center post lateral shifts
the cnitical mechamsm for a horizontal impact 1s shear failure of the center post couphng mipple (153 g
capacity) The bottom plate deformation failure mode capacity was slightly lower (151 5 g) but as indicated
in the discussion this capacity estimate 1s very conservative From Section 53 the estimated bounding

horizontal impact acceleration 1s 52 g The resulting capacity/load ratio 1s 29  Although there are

significant uncertainties 1n the above evaluation the magnitude of the margins supports the conclusion that
the 2 1in cnticality design requtrement 1s met for all drops involving honzontal impacts

For mechanisms involving vertical drops (mechanisms 1 and 5 Table 6-1) the critical drop 1s the

vertical drop into the SLOP
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7 0 RESOLUTION OF M CO CIRCUMFERENCE INCREASE CRITICALITY
LIMIT

As discussed 1n Section 3 2 cnticality considerations require that the MCO shell inside circumference
cannot exceed 73 04 in  This circumference limut corresponds to a 0 265 1n diameter increase and applies to
both the Mark 1A and Mark IV baskets Based upon a review of the vertical and honzontal MCO cask drop
analyses the cnitical mechamsm for increasing the circumference of the MCO shell s fuel rubble pressure
mposed by a failure of the bottom Mark IV basket during a vertical drop Since the Mark IV basket center
post 1s not designed for drop loading 1t 1s assumed that the bottom basket and fuel can fail during a vertical
drop The inertial loading from the four baskets above 1s apphed to the top of the crushed bottom basket
The nertial loading from the baskets above and the fuel rubble 1s transmutted to the MCO shell due to the

flmd nature of the fuel rubble

The fuel rubble pressure on the MCO shell 1s addressed for a 54 g loading 1n Section 9 4 2 of
Parsons (1998) A simular calculation 1s performed for a Mark 1A scrap basket in Section 8 4 of
Parsons (1999) In these calculations the fuel rubble 1s assumed to have an internal friction angle
(soil/gravel type property) of 33° which 1s the minimum angle for iron ore coal and limestone The
corresponding equmvalent fluid pressure coefficient 1s 0 3 meaning that the horizontal pressure 1s 30% of the
vertical pressure on the bottom of the MCO cylinder From Section 5 1 the maximum vertical drop
acceleration for K Basin 1s 87 g If the ratio of the peak fuel pressure from Parsons (1998) (717 Ibf/in?) to
the peak pressure for the 87 g K Basin drop 1s calculated the resulting pressure 1s 717(87/54) = 1155 Iof/in?

It 1s noted that the 87 g vertical loading 15 associated with a ngid missile assumption Failure of the
bottom basket would be expected to sigmficantly reduce the g levels for the top four Mark IV baskets Also
1t 1s unlikely that the fuel damage would be sufficient to cause the damaged fuel to flow and induce high
fluid pressures at the inside surface of the MCO cylinder Thus 1t 1s likely that the 1155 Ibf/in? pressure 1s
very conservative

A conservative estimate of the stress and deformation associated with a linearly varying pressure on the
MCO cyhinder can be obtained from Table 28 Case 1d from Young (1989) The maximum hoop stress
associated with the fuel pressure 1s

5 _ 4R _1155(22985/2)

) = 26,548 Ibf/m’
t 05

where g = peak pressure R = shell inside radins and ¢ = the cyhinder wall thickness

For the maximum K Basin temperature of 150°F the mmmimum yield strength of the MCO shell SA 240
304 SS matenal 1s 27 500 Ibf/in® (Table 3 Parsons [1999]) Because the hoop stress 1s less than the matenal
yield strength the associated diameter increase 1s small
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2 2
AD =2 AR 2R _,1155(22985/2)

A =0022 n
Et 280 10°(05)

where g = peak pressure R = shell inside radins E = matenal elastic modulus and ¢ = wall thickness

Because the diameter increase 1s less than 0 265 in  the cniticality design requirement 1s satisfied The
above static analysis 1s based upon the assumption that the dynamic load factor 1s equal to 1 0 The validity
of this assumption 1s addressed below

The dynamic load factor assoctated with the drop pressure 1s a function of the natural penod of the
structure relative to the duration of the load The natural penod of interest 1s the breathing mode of the
MCO cyhinder From Table 12-1 Case 2 of Blevins (1995) the natural frequency of the cylinder 1s

A e 1" 1 280 10° v
fo =77 = = —| =2770 Hz
2R | @(l—v?) 272(1175)| (0 2847386 4)(1- 0 37)

where A = mode coefficient R = shell mean radius = matenal density matenal elastic modulus and
v = matenal Poisson s ratio The corresponding natural period T s 1/2770 =3 61 x 10° sec

From Figure 5-2 the duratton of loading t, 15 0 044 sec resulting in a t/T ratio of 120 From
Figure 4 5 3 Thomson (1972) the dynamic load factor1s 1 0 Thus the dynamic load factor assumed above
1s reasonable
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Calculation of Target Hardness for Vertical Cask Drop onto 22 5 in_Thick Rail Slakx

Matenal and Geometrnic Parameters

o, =4500

E_ =57000 ,0 "

Eg =30000
Ve =017
Vg =045
l’end =20
Aend =% Tend
W =62000
h =225
T E
Kend = -
2
(=%
’3
L. EBch

concrete ultimate strength (1 5 times design strength)

E.=3824 108 concrete elastic modulus

soll elastic modulus  uppéer bound for a sand/gravel mix per
Bowles (1988) Table 2 7

Poisson s ratio of concrete

Poisson s ratio of soil

cask radus

cask footpnnt for end drop

A =125710°

end

cask weight

concrete slab thickness

soil foundation modulus

concrete slab flexural ngidity
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n

E S
= =0038
B end 4D, B end
Concrete Moment Capacity
coverdepth =30 rebar cover depth

=03125 radius of #5 rebar

I rebar

d =h- coverdepth — r d=19187

rebar

A =01 rebar area per unit width of slab
fy = 40000 rebar yield strength
b =12
unit width of concrete slab
f, A
a=—J 8 a=027
0856 b

M, =236310°

2Tend Aend Xend My 0y

S =
-B
w’ (l_e endTend oo (B end rend))

4
S end = 4 03810

distance from rebar to top fiber of slab

ultimate moment capacity

target hardness for snd drop
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Caiculation of Target Hardness for Cask Side Drop onto 22 5 in Thick Bail Slab

L ask =160

Tedge =9

cask length

set width of footprint to 10 in which i1s conservative per EPRI (1993!

A edge =2 Tedge Lcask

kedge =Es
3

Lcask h
12

I, =

E

_ s
Peae ~7E T,
c

4
IC>

=2Aedge ESMUGU

References

wp

edge

1.=151910

B egge = 0011

S = 401710

edge

Bowles Joseph E 1988 Foundation Analysis and Design Fourth Edihon McGraw-Hill Inc New York

New York

EPRI 1993 Structural Design of Concrete Storage Pads for Spent Fuel Casks EPRI NP-7551 Electric
Power Research Institute Palo Alto Califorma
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36-Foot Drop mto SLOP

/prep?

/title Leoad Out Pit Model
lelement types

et 1 63 ‘'concrete

et 2 8 I rebar

et 3 52 igap elements (outside rebar)
et 4 4 trigad link

et 539 1 3 ‘nonlinear sprang(foam)
et 6 21 2 limpacting mass elament
et 7 14 3 'dashpot

‘real constants

1 17 715 300 'West Pit Wall

2 16 0 'Remaining Pit Walls

3 27 300 'Bagin Walls

4 21 300 'Bit Floor

5 24 300 'Basin Floor/Pit E Wall (bottom)
6

7

a

9

H

18 300 {Sump Bottom Thickness

0 31 '#5 rebar

0 60 '#7 rebar

17 'rigid plate flepor/wall conn
led lgap element spraing

11 le8 0 0 17965 'p1t walls fractaion

12 le8 11700

HHHRHARHHARAAAHHRHARHR
=
o

13 181 2 'impacting mass {70 000 lbs )
14 2 5e5 5778 ‘'impact gap element
15 0 6545 ‘impact dashpot element constant
16 10 1000 1000 10 10 1000 trigad link
17 0O ¢ 085 450000 2 5 450000
rmore 3 5 1 4e6 4 4eb tnonlinear spring (39)
‘material prop
'concrete

mp ex 1 4 4e6

mp nuxy 1 0 2

mp dens 1 000225
'‘rebar elas /plas
mp ex 2 2%e8

mp nuxy 2 0 3

Th Bkain 2 1

Thdata 1 S56e3 8eb
‘rigid plates wall-to-floor conn
mp ex 3 4 Debé

mp nuxy 3 ¢ 2
linelas floor

mp ex 4 4 4e6

mp nuxy 4 0 2

mp dens 4 000225
Tb Bkin 4 1

Thdata 1 4577 8e5 'pseudo yield strength floor eles

1000
3 9 32
111
n 21 118 €8

fi1il 3 21
n 23 128

f£111 21 23

ngen 3 23 1 23 5 16
ngen 3 23 47 69 5 685
ngen 2 23 93 115 5 83
ngen 2 23 116 118 5 83

n
n
£

'pbasin/channel! walls friction
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n 143 18 24 33 35
f111 141 143
n 157 109 06 33 35
£111 143 157
n 159 118 68 33 35
£111 157 159
n 161 128 33 35
fi1ll 159 161
ngen 17 23 139 161 5 831
ngen 2 414 116 138 104 96
ngen 2 460 93 115 116 62
ngen 4 23 553 575 6 083
ngen 3 23 622 644 4 72
‘modify nodes @ sump boundary
n 126 58 24 175
n 130 82 24 75
£111
n 218 58 48 75
n 222 82 48 75
fill
f111 126 218 3
£111 130 222 3
n 103 57 93 20 7
'n 107 82 2 20 7
1f111
n 241 57 6 56 2
n 245 83 4 56 2
fi11l
'generate floor elements
real 4
type 1
mat 1
e 1l 2 25 24
egen 22 1 -1
egen 29 23 -23
'delete eles 1in sump hole
edele 121 124
edele 143 146
edele 165 168
edele 187 190
‘generate sump elements

real 6§
ngen 2 700 126 130 -16 5
ngen 2 700 218 222 -16 5

ngemn 2 700 149% 195 23 -16 5
ngen 2 700 153 199 23 16 5
£111 849 853

£f111 B72 B76

f111 895 899

e 826 827 850 849

egen 4 1 -1

egen 4 23 4

e 126 127 827 826

egen 4 1 ~1

e 149 126 826 849

egen 4 23 -1

e 130 153 853 830

egen 4 23 -1

e 219 218 918 919

egen 4 1 -1

'generate rebar elas

ngen 2 700 49 67 2 8 15
ngen 2 700 95 113 2 8 15
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ngen 2 700 141 509 46 8 1%

ngen 2 700 143 511 46 8 15
ngen 2 700 157 525 46 8 15
ngen 2 700 159 527 46 8 15
ngen 2 700 555 573 2 8 15
ngen 2 700 624 642 2 8 15
real 7
type 2
mat 2
e 49 749
egen 10 2 -1
e 95 7395
egen 10 2 -1
e 141 841
agen 9 46 -1
e 143 B43
egen 9 46 -1
e 157 857
egen 9 46 -1
e 159 859
egen 9 46 -1
e 5535 1255
egen 10 2 -1
e 624 1324
egen 10 2 -1
type 1
mat 1
Kaeypoints

1

k1000
k214 00

k 3114 00
k4128 00

k540 15 88

k 6 14 15 88 8 15
k 7 114 15 88 8 15
k 8 128 15 88

k 9 0 147

kK 10 14 147 8 15

k 11 37 5 147 8 15
k 12 89 0 147 8 15
k 13 114 147 8 15
k 14 128 147 8 15
k 15 0 166

k 16 14 166

k 17 37 5 166

k 18 83 0 166

k 19 114 166

k 20 128 166

k 21 14 15 88 63

k 22 114 15 88 63
K 23 14 147 63

k 24 37 5 147 &3

k 25 90 5 147 63

k 26 114 147 63

k 27 14 15 88 324
k 28 114 15 88 324
k 29 14 147 324

k 30 37 5 147 324
k 31 %0 5 147 324
k 32 114 1247 324

K 33 37 5 215 &3
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34 90 5 215 &3

35 37 5 215 324

36 90 5 215 324

37 3750

38 89 0 0 'sump edge loca
39 37 5 15 88 8 15
40 89 0 15 88 8 15
41 37 5 15 88 63
42 90 5 15 88 63
43 37 5 15 88 324
44 90 5 15 B8 324

45 -200 215 &3

46 ~200 215 324
47 250 215 63

48 250 215 324

49 -200 153 5 63
37 5 153 5 63
51 90 5 153 5 63
52 250 153 5 63
53 37 5 153 5 324
54 90 5 153 5 324
55 -200 335 63

56 37 5 335 63

57 80 5 335 &3

58 250 335 63

59 14 15 88 348
60 37 5 15 88 348
61 90 5 15 88 348
62 114 15 88 348
63 14 147 348

64 37 5 147 348
65 90 5 147 348
66 114 147 348
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Areas
i265
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3487
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6 39 11 10
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78 14 13
9 10 16 15
10 11 17 16
11 12 18 17
12 13 195 18
13 14 20 19 ‘Area 15
aatt 4
asel none
a 6 39 41 21
40 42 41
a 40 7 22 42
a 27 43 60 59
a 43 44 61 60
a 44 28 62 61 IArea 21
aatt 1
asel none
a 10 6 21 23
a 13 7 22 26
a 29 27 59 63
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a 32
aatt
asel
a 2L
a 41

alls
esize
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2
none
41 43
42 44
22 28
1
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21 27
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8 3

eshape 2

'ames

h 1?7
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27
43
44

29
32
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35
53
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46
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'amesh 9 15
lsel s loc z 8 15

ilesize all 6 5

alls
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13
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'ames
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h 16
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aclear 19
aclear 24
aclear 42

'wall/floor connection plates
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mat 3
749
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B41
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9
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763
765
767
749
795

18

1345
1343
1365
1364
1363
1362
1361
1392
1391
1344
1344

lArea 25

'Area 36

larea 48

1344
1345
1343
1365
1364
1363
1362
1361
1392
1344
1434
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887 841 1434 1435
933 BB7 1435 1436
979 933 1436 1437
1025 979 1437 1438
1071 1025 1438 1439
1117 1071 1439 1440
1163 1117 1440 1441
1209 1163 1441 1442
1255 1209 1442 1443
1255 1443 1433 1324
1326 1324 1433 3328
1328 1326 3328 3327
1330 1328 3327 3341
1332 1330 3341 3340
1334 1332 3340 3339
1336 1334 3339 3338
1338 1336 3338 3337
1340 1338 3337 3366
1342 1340 3365 1499
1273 1342 1499 1509
1273 1509 1508 1227
1227 1508 1507 1181
1181 1507 1506 1135
1135 1506 1505 1089
1089 1505 1504 1043
1043 1504 1503 997
997 1503 1502 951
951 1502 1501 905
905 1501 1500 859
859 1500 1391 813
767 813 1391 1391
1344 1345 797 797
1345 1343 79% 797
1343 1365 801 799
1365 1364 803 801
1364 1363 805 803
1363 1362 807 805
1362 1361 809 807
1361 1392 811 BO%
1392 1391 811 811

1344 797 843 1434

1434 843 889 1435

1435 889 935 1436

1436 935 981 1437

1437 981 1027 1438
1438 1027 1073 1439
1439 1073 1119 1440
1440 1119 1165 1441
1441 1165 1211 1442
1442 1211 1257 1443
1443 1257 3328 1433
1257 1259 3327 3328
1259 1261 3341 3327
1261 1263 3340 3341
1263 1265 3339 3340
1265 1267 3338 3339
1267 1269 3337 3338
1269 1271 3366 3337
1271 1509 1499 3366
1271 1225 1508 1509
1225 1179 1507 1508
1179 1133 1806 1507
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1Gap elements on outside rebar
real 10

type 3

e 4% 749

egen 10 2 -1
e 624 1324
egen 10 2 -1
e 95 795

egen 11 46 -1
e 113 813
egen 11 46 -1

nummrg all

n 4192 38 251 45 012 6
n 4200 89 749 45 012 6
n 4330 38 251 79 998 6
n 4338 B89 749 79 998 6
'impactlng mass

n 4400 64 62 5 6

n 4401 64 62 5 12

type 6

real 13

e 4400 Imass

type 3

real 14

type S

real 17

e 4400 4401 'nonlinear spraing (impact limiter)
type 3

real 14

e 192 4152 'gap elements
e 200 4200

e 330 4330

e 338 4338

type 7

real 15

e 192 4192 'dashpots
e 200 4200

e 330 4330

e 338 4338

type 4

real 16

e 4192 4400 'rigad 1links
e 4200 4400

e 4330 4400

e 4338 4400

JVIEW 1 0 126685636958 -0 47920033B424E-01
/ANG 1 -61 5345416226
eplo

'Water Pressure Loading
esel s real 4
nsle

0 990784749451
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nsel s loc y 15 8 147 1

nsel r loc x 13 9 114 1

nsel r loc z 0

esln 1

sfe all pres 9 75 'pit floor water pressure
alls

nsel s loc z 62 9 63 1
d all uy ux uz
nsel s node 4000 4500
d all ux uy

nall

d 1l ux uy

d 23 uy

fin:
/solu

antype trans

outres all all

timint off

d 4400 uz - 5778

d 4400 ux

d 4400 uy

time 0 001 linitial weloc
nsubst 4

solve

ddel 4400 uz

timint on

time 05

'solcon off

autots on

deltim 00005 00001 001
tdeltim 90005

solve

fini

/post2é

nsel 2 4400 u z uzmass
deriv 3 2 1 vzmass
deriv 4 1 I azmass 00259
plvar 4

Center Post Buckling Analysis

fina

/clear

/output postbuck out

/prep7

/title Center Post Inelastic Buckling
lelement types

et 1 20 'Plastic Pipe
'real constants

rl6 625 2 438 iCenter Pipe
r2il 'cask thickness
'material prop

mp ex 1 28 3e6

mp nuxy 1 0 3

mp dens 1 0 284 'wt /in"3

Th Bkin 1 1

Tbdata 1 41 25e3 5e5




H-2 828060 Rev 2 H 2-828041 Rev 3

Page No of
M &) Erotessional CALCULATION SHEET BIO BIO
Calculation No
Chent / Location Prepared By / Date 99-024
Fluor Damel Hanford B V Winkel 1/18/00 Revisien No
Subject Checked By / Date 0
Evaluation of Cask Drop Criticality Issues at K Basin F G Abatt 1/18/00 Supporing DosumaiTNG
Ref Drawng(s) Revised By / Date SNF 5557

'Nodes
nld0O0
n 11 21 7
fill

el 2

egen 10 1 -1

/VIEW 1 -1

/ANG 1

eplo

fini

/solu

d 1l all

d 11 ux

d 11 uy

/title 87 gs 3 0 Offset
acel 87 187 g vertical
f 11 fz -1 044e6

f 11 my 3 12e6 '3 0 load offset
nsubst 100

outres all 1

nlgeom on

solve

fina

/postl

SET LAST

PLNSOL U X 0 1




	type
	mat

