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Executive Summary for MHM Impacting the Cask at  Transfer Pit 

The objective of this engineering effort is to provide independent engineering evaluationslanalyses of the 
accidental impact of the MCO Handling Machine (MHM) with the casWMCO (Multi-Canister Overpack) 
during insertion into the CSB transfer pit. The maximum MHM velocity is specified to be 40 Wmin. The 
total weight moving with the MHM is assumed to be 1 million pounds. The casWMCO is assumed to be 
supported by a crane, hanging from the lifting fixture. The casWMC0 is assumed to be partially inserted 
into the 56 inch inside diameter transfer pit. 

Our work scope is to define the effects of a worst case MHM impact with the casWMCO with regard to 
criticality limits. 

The analysis case has the MHM modeled as a large steel ring mass loaded to 1 million pounds weight 
with an initial velocity of 40 ftfmin (8 inches per second) and applied wheel traction forces of 12,000 Ib. 
The impact at the transfer pit has been broken into two dynamic simulations. The first being the MHM 
impacting a static caskJMCO hanging from a lifting fixture and crane cable. The second impact case being 
the MHM and casWMCO moving side ways at 40 Wmin.. impacting the transfer pit wall. 

The simulation of the PAHM impact with the static ctsWMCO has been completed. The cask, MCO, and all 
six Mark 1A baskets remain linear elastic. There is no plastic damage, The baskek do not violate any 
criticality geometry criteria. 

The simulation of the MHM and casWMCO impacting the transfer pit wall stopped and rebounded the one 
million poind MHM. The maximum equivalent plastic strain was in the bottom basket with a value of 
approximately 0.3 per cent strain. There is no significant piastic damage, The baskets do not violate any 
criticality geometry criteria. 

No criticality problem is identified for MCO and baskets due to the MHM impacting the outer transportation 
cask at a velocity of 8 incheslsecond. 

I' 
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SUBJECT: MHM impact with CasWMCO during insertion into CSB Transfer Pit 

1.0 Introduction 

The K-Basin Cask and Transportation System will be used for safely packaging and transporting 
approxima!ely 2,100 metric tons of unprocessed, spent nuclear fuel from the 105 K East and K West 
Basins to the 200 E Area Canister Storage Building (CSB). Portions of the system will also be used for 
drying the spent fuel under cold vacuum conditions prior to placement in interim storage. 

The spent nuclear fuel i s  currently stored underwater in the two K-Basins. The K-Basins loadout pit is the 
area selected for loading spent nuclear fuel into the Multi-Canister Overpack (MCO) which in turn is 
located within the transportation cask. This CasWMCO unit is secured.in the pit with a pail load out 
structure whose primary function is lo suspend and support the CasWMCO unit at.the desired elevations 
and to protect the unit from the contaminated K-Basin water. The fuel elements will be placed in special 
baskets and stacked in the MCO that have been previously placed in the cask. 

The casks will be removed from the K Basin load out areas and taken to the cold vacuum drying station. 
Then the cask will be prepared for transportation to the CSB. The shipments will occur exclusively on the 
Hanford Site between K-Basins and the CSB. Travel will be by road with one cask per trailer. 

At the CSB receiving area the cask will be removed from the trailer. A gantry crane will then move the 
cask over to the transfer pit and load the cask into the transfer pit. From the transfer pit the MCO will be 
removed from the cask by the MCO Handling Machine (MHM). The MHM will move the MCO from the 
transfer pit to a canister storage tube in the CSB. MCOs will be piled two high in each canister Storage 
tube. 

2.0 Objective 

The objective of this engineering etiort Is to provide independent engineering evaluationslanalyses of the 
accidental impact of the MHM with the casWMCO during insertion into the CSB transfer pit. The maximum 
MHM velocity is specified to be 40 ftlmin. The total weight moving with the MHM is assumed to be 1 
million pounds. The cask/MCO is assumed to be supported by a crane, hanging from the lifting fixture. 
The casldMCO is assumed to be partially inserted into the 56 inch Inside diameter transfer pit. 

The MHM is driven by two 7.5 HP electric motors coupled individually with two 3 ft diameter drive wheels. 
The motors are rated at 32.8 ft Ib of torque at 1200 RPM. Each motor drives a separate wheel through a 
271:1 ratio gear reduction transmission. Rounding up the maximum motor torque can produce a 6,000 Ib 
with each wheel assuming zero transmission losses. 

This evaluation monitors displacements, velocities, accelerations, stresses, and plastic strains in the cask, 
MCO, baskets, basket interface with MCO and shield plug, cask seal, and MCO seal. Also, any potential 
large strains and buckling will be identified. Thus, the structural numerical models must model nonhear 
material behavior and large deflections, in addition to impact dynamics. 

I 
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The normal operational acceptance criteria for the K-Basins MCO packaging system are confinement of 
internal gases, confinement of radioactive waste, and compliance with HNF-S-0426, Rev. 3, "Performance 
Specification for Spent Nuclear Fuel Multi-Canister Overpack." 

The accident acceptance criteria apply to the loads that are outside the performance specification design 
basis. The MCO must maintain radioactive waste confinement.'but i t  does not have to be serviceable 
after an accident event. - 

3.0 Analyses and Results Summary . .  
The transportation cask, MCO, Mark 1A baskets, lifting fixture, simplified MHM, ana a rigid transfer pit 
were modeled with a second generation nonlinear finite element program called ABAQUS. There are two 
versions of ABAQUS. ABAQUSIStandard. or the implicit formulation, i s  best for static nonlinear solutions 
and ABAQUSExplicit Is best for dynamic problems. In particular, ABAQUSlExplicit 5.7 was used for this 
analysis effort. 

An ABAQUS cask half model was created using 3D solid brick elements. The mechanical closure MCO 
was modeled with ABAQUS 3D solid brick elements and quadrilateral shell elements. The bricks modeled 
the thick MCO bottom and the top MCO cover plug. The plate MCO cylindrical wall is modeled with 
quadrilateral shell elements. The connection between the bricks on the bottom and top and tine wall shell 
elements was approximated by overtapping shell and brick elements to allow moment transfer. 

The half symmetry MCO model was combined with the half symmetry cask model. The MCO was free 
inside the cask to slide around and to bounce from side to side. Contact surfaces were included in the 
combined model to model the interaction between the outside of the MCO with the inside of the cask. 

The Mark 1A basket bottom and center column were modeled employing half model symmetry with 
quadrilateral shell elements. Six Mark 1A baskets did not have the sliding inserts between each basket, 
but the actual connection contact and insert was modeled for the basket interface with the MCO and 
shield plug. The structural model of each basket was mass loaded with lumped mass elements simulating 
spent nuclear fuel, bringing the weight of each loaded Mark 1A basket up to 2,303 Io. The total weight of 
the six baskets with the spent nuclear fuel was 13,818 Ib. 

The cask lifting fixture was modeled as a half model using shell elements with ideal beam elements 
modeling the lifting pin and the cask lid trunnions. The MHM modeling was conservatively simplified as a 
half model of a large steel ring mass loaded to simulate a full model total weight of 1 million Ib. The 
transfer pit half model geometry was modeled with rigid shell elements constrained to ground. The 
transfer pit also had inside contact surfaces defined, for reaction force interface with the impacting cask. 

The impact at the transfer pit has been broken up into two dynamic simulations. The first being the MHM 
impacting a static casWMCO hanging from a lifting fixture and crane cable. The second impact case being 
the MHM and casWMCO moving side ways at 40 Nmin impacting the transfer pit wail. 

n 
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The simulation of the MHM impact with the static casklMC0 has been completed. The cask, MCO, and all 
six Mark 1A baskets remain linear elastic. There is no plastic damage. The baskets do not violate any 
criticality geometry criteria. 

The simulation of the MHM and casWMCO impacting the transfer pit wall stopped and rebounded the one 
million pound MHM. The maximum equivalent plastic strain was in the bottom basket with a value of 
approximately 0.3 per cent strain. There is no significant plastic damage, The bask& do n3rviolate any 
criticality geometry criteria. 

... 

4.0 Recommendations 

M H M  8 inchessecond velocity which impacts directly or indirectly with the outer transportation cask will 
not cause a criticality problem for the MCO and baskets. Also ttie mechanical closure MCO will maintain 
sealing during and after the MHM impact with the cask. Although public and worker safety from 
radioactive contamination is maintained before, during, and after this assumed accident, we recommend 
that proper care be applied to the operations of the MHM and that other non-nuclear safety issues be 
properly addressed. 

5.0 ABAQUS Modeling of CasklMCO 

The K-Basin transportation cask, MCO and baskets were modeled with a second generation nonlinear 
finite element program called ABAQUS. There are two versions of ABAQUS. ABAQUSIStandard or the 
implicit formulalion is best for static nonlinear solutions and ABAQUSlExplicit is best for dynamic 
problems. In particular ABAQUSlExplicit 5.5 was used for this analysis effort. 

An ABAQUS cask half model was created using 3D solid brick elements. Figure 5-1 shows a side view of 
the cask and lid half model. Figure 5-2 shows an isometric view of the cask and lid half model. The cask 
lid has a simplified modeling ol the top lifting trunnions with mass elements located at the lift points to 
obtain the proper mass and mass distribution. 

Figure 5-3 shows an isometricview of the lid with the idealized beam elements modeling six of the twelve 
hold down bolts. In Figure 5-3 the bottom of the lid shoulder and the shear lip interface groove can be 
seen. The contact interface between the lid and the cask shoulder and shear lip are modeled with contact 
surfaces.' The j.22 inch diameter bolts are modeled as beam finite elements connecting to the nodes on 
the lid shoulder top surface and the nodes interior to the cask cylinder. This modeling assumes the lid bolt 
holes are over-sized allowing free play through the lid shoulder thickness. 

The mechanical closure MCO was modeled with ABAQUS 3D solid brick elements and quadrilateral shell 
elements. Figure 5-4 shows a side view of the mechanical closure MCO. Figure 5-5 shows an isometric 
view of the MCO. The bricks modeled the thick MCO bottom and the top MCO seal ledge, lifting ring. 
shield plug, and a short segment of the process tube. The plate MCO cylindrical wall is modeled with 

I 
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quadrilateral shell elements of 0.5 inch thickness. The connection behveen the bricks on the bottom and 
top and the wall shell elements was approximated by overlapping shell and brick elements to allow 
moment transfer. 

Figure 5-6 shows a zoomed isometric view of the top of the MCO showing the shield plug, lifting ring, and . 
a short segment of tine process tube. Figure 5-7 shows a close zoomed isometric view of the shield plug 
with detail of the interface with the short segment of the process tube. The process tube is modeled with 
shell elements of 0.385 inch thickness. 

Figure 5-8 shows the modeling of the shield plug with the compression, bolts. The bolts are connected to 
nodes in the lifting ring solid model. These bolts interface with the shield plug with end contact nodes 
bearing against the top shoulder contact surface. The bolt modeling simulates 12 bolts. The Mechanical 
Closure MCO now has 18 bolts of 1.5 inch diameter as documented in drawing number H-2-828042, 
Rev. 1. The total axial area of tine 18 bolts was calculated. Then the total area was divided by 12 
obtaining an equivalent bolt area with a resulting bolt radius of 0.918 inch. The modeling of the 12 
equivalent boltswas adjusted to be consistent with the bolt axial stresses and the existing model finite 
element mesh. 

Figure 5-9 shows a zoomed isometric view of the MCO seal ledge and lifting ring. Figure 5-10 shows a 
closed zoomed view of the MCO seal ledge and lifting ring. The shield plug of Figure 5-8 interfaces with 
the MCO seal ledge and lifting ring with contact surfaces for force distribution. 

Figure 5-1 1 shows the simplified modeling of the bottom modeling of the MCO. In Figure 5-1 1 three of the 
six basket support ribs of 0.5 inch thickness can be seen. Also the 0.615 inch thickness basket centering 
cone can be seen as a shell half model. 

The half symmetry MCO model was combined with the half symmetrg cask model. The MCO was free 
inside the cask to slide around and to bounce from side to side. Contact surfaces were included in the 
combined model to model the interaction between ttie outside of tine MCO with the inside of the cask. 

In Figure 5-12 six Mark 1A basket bottoms and center columns were modeled employing half model 
symmetry with quadrilateral shell elements. Six Mark 1A baskets did not have the sliding inserts between 
each basket, but the actual connection contact ahd insert was modeled for the basket interface with the 
MCO and shield plug. It is of importance to notice in Figures 5-12 and 5-13 that the top number six basket 
column reduces from a 6.625 inch OD pipe of 0.864 inch wall thickness to a 2.655 inch OD insert modeled 
with a thickness of 0.445 inch. (Note: Drawing H-2-828060 shows that the insert has an internal chamfer 
for the basket lifting grapple the results in a minimum thickness of 0.31 inch. The finite element mesh did 
not have the required detail for this feature.) The basket bottoms were approximated with shell elements 
of 1.058 inch thickness. The structural model of each basket was mass loaded with lumped mass 
elements simulating spent nuclear fuel bringing the weight of each loaded Mark 1A basket up to 2,303 Ib. 
The total weight of the six baskets with the spent nuclear fuel was 13,818 pounds. 

\ 

4 



Rev. 0 SNF-603 1 FLUOR DANIEL NORTHWEST, INC. 

CALCULATIONS AND SKETCHES SHEET 

DEPARTMENT: CiiillStructural ORIGINATEDBY: C. J. Moore DATE: 10/20/98 

ENG COMM NO: CHECKED BY: 
r 

K. C. Tu DATE: I I / 3 / q  k 
AREA: 200 E REVISED BY: DATE: ' 

SUBJECT: MHM irnpactw'th CasWCO during insertion into CSB Transfer Pit 
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MHM irnDact with CasklMCO during insertion into CSB Transfer Pit 

Figure 5-2, Isometric View of Cask and Lid Half Model 
(input file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with Cas!uMCO during inserIjon into CSB Transfer Pit 

Figure 5-3, IsometricVievi of Lid with Beam Modeling of Bolts 
Onput file rnhrnck4.inp 10/6/98) 
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SUBJECT MHM impact with CaskfMCO durina insertion into CSB Transfer Pit 

Figure 5-4, Side View ofMechanica1 Closure MCO Half Model 
(input file mhmck4.inp 10/6/98) 
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Figure 5-5, Isometric View of Mechanical Closure MCO Half Model 
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Figure 5-6, Zoomed Isometric View of Top of MCO 
Showing Shield Plug, Lifting Ring, and Short Segment of the Process Tube 

(input file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact wilh CasluTdCO during insertion lnlo CSB Transfer Pit 

Figure 5-7, Close Zoomed Isometric View of Shield Plug 
Showing Detail of Interface with the Short Segment of Process Tube 

(input tile mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with CasWCO during insertion into CSB Transfer Pit 

Figure 5-8, Isometric View of Shield Plug with Compression Bolts 
(input file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with CasklMCO during insertion into CSB Transfer Pit 

Figure 5-9, Zoomed Isometric Mew of the MCO Seal Ledge and LiWng Ring 
(input file mhmck4.inp 10/6/98) 
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(input file rnhmck4.inp 10/6/98) 
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Figure 5-12, Isometric View of Half Model of Six Mark 1A Baskets 
(input file mhmck4.inp <0/6/98) 
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Figure 5-13, Zoomed 1some:rk View of Modeling of the Top Insert 
onput file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with CasldMCO durina insertion into CSB Transfer Pit 

6.0 Modeling o f  the Cask Lifting Fixture, M H M ,  and Transfer Pit 

The cask lifting fixture was modeled as a half model using geometryfrom drawing number H-2-828973, 
Rev. 1. The fixture was modeled shell elements with thicknesses of 1 inch and 2.25 inches as specified by 
the drawing. The fixture lifting pin was modeled as an idealized beam element of circular cross section with 
a 2 inch radius. The firture was connected to the cask lid by idealized beam elements of3.5 inch radius 
circular cross section. The fixture lifting pin was connected to an idealized truss element simulating the 
lifting cable. 

Figure 6-1 shows a side view of the lifting fixture half model. Figure 6-2 shows an isometric view of the 
lifting fixture half model. 

- 

The simplified MHM was modeled as half model of a steel ring mass loaded with lumped mass elements to 
simulate total MHM weight of 1 million pounds. Figure 6-3 shows an isometricviewof the simplified half 
model of the MHM. 

The transfer pit geometry was modeled with rigid shell elements constrained to ground. The inside 
diameter of the transfer pit is 56 inches as shown in drawing number H-2-120902, Rev. I. Figure 6-4 
shows an isometric view of the transfer pit modeling. 
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Figure 6-1, Side View of Lifting Fixture Half Model 
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Figure 6-2, Isometric Mew of Lifting Frture Half Model 
(input file mhmck4.inp 1016/98) 
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Figure 6-3, Isometric MeV/ of Simplified MHM Half Model 
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Figure 6-4, IsometricUew of Transfer Pit Half Model 
. (input file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with CasWMCO during insertion into CSB Transfer Pit 

7.0 Analysis Results for MHM Impacting Cask 

The dynamic simulation of the MHM impacting the casWMCO during insertion into the CSB transfer pit 
was simplified into two separate impact problems. The first simulation evaluated the MHM moving at 8 
inches per second impacting a static casWMCO hanging from the lifting fixture and crane cable. The 
second simulation evaluated a MHM and casWMCO combination moving at 8 inches per second 
impacting the side of the CSB transfer pit ( see Section 8.0). These two separate analyses were 
necessary to comply with the required project schedule. The estimated real time for completion of a single 
simulation with both impacts was 200 days. 

Figure 7-1 shows an isometric view of the initial conditions for the sirnilation of the MHM impacting the 
static casWMCO hanging from the lifting fixture and the crane cable. In Figure 7-1 the model can be seen 
to be a half model. The simplified MHM is modeled as a large steel ring moving in the positive x or 1 axis 
direction at 8 incheslsecond. Figure 7-2 shows a close zomned4sometric view of the initial conditions of 
the MHM impacting the casWMCO. In Figure 7-2 some details of the basket modeling can be observed. It 
should be noted that the MHM is positioned 0.024 inch from the casWMCO to allow the gravity and 
pressure loads to be applied before the actual impact. 

Figure 7-3 shows the horizontal x direction displacement time history of the b9ttom center of the cask and 
the top center of the cask lid. In Figure 7-3 the cask displacements can be seen to slowly increase and 
then to approach a constant slope indicating a relatively constant velocity. Figure 7 4  shows the 
horizontal x direction velocity time history of tine bottom center of tine cask and the top center of the cask 
lid. In 
with the velocity approaching a positive value between 5 and 8 incheslsecond. 

Figure 7-5 shows the horizontal x direction displacement time history of the bottom center of the MCO, 
middle of MCO shell, and the bottom center of the shield plug. In Figure 7-5 the MCO displacements can 
be seen to begin increasing at approximately 13 milliseconds, as compared to the caskdisplacements 
beginning at approximately 4 milliseconds. The MCO takes approximately 9 milliseconds to slide over to 
the impact side of the cask. Figure 7-6 shows the horizontal x direction velocity time history of the bottom 
center of the MCO, middle of the MCO shell, and the bottom center of the shield plug. In Figure 7-6 
dynamic oscillation of the velocity of the top and bottom of the MCO can be observed with the velocity 
approaching a positive value between 5 and 8 incheslsecond. 

Figure 7-7 shows the horizontal x direction displacement time history of the six Mark 1A baskets with $1 
being the bottom basket and ?% the top basket. In Figure 7-7 the basket displacements can be seen I O  
begin increasing at approximately 20 milliseconds as compared to the cask displacements beginning at 
approximately 4 milliseconds with the MCO following at approximately 13 milliseconds. The baskets take 
approximately 7 milliseconds to slide over to the impact side of the MCO. Figure 7-8 shows the horizontal 
x direction velocity time history of the six Mark 1A baskets. In Figure 7-8 dynamic oscillation Of the 
velocity of the six Mark 1A baskets of the MCO can be observed with the velocity approaching a positive 
value between 5 and 8 incheslsecond. 

Figure 7-4 dynamic oscillation of the velocity of the top and bottom of the cask can be observed 
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Figure 7-9 shows at 77 milliseconds the equivalent plastic strain of the cask, cask lid, MCO, shield plug, 
and baskets due to the 8 incheslsecond impact of the MHM with the static casWMC0. In Figure 7-9 the 
maximum plastic strain can be seen to be less than 0.0833 per cent strain (less than 1/10 of 1 per cent 
strain). The 8 incheslsecond impact of the MHM with the casWMCO suspended from the lifting fucture and 
crane cable does not do any damage to the MCO or the six Mark 1A baskets. The local deformations are 
linear elastic. The MCO circumference retains the original dimensions. The MCO 2nd baskets maintain 
all geometry requirements; basket criticality specifications are not violated for this impact. - 
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SUBJECT: MHM impact with CasldMCO during insertion into CSB Transfer Pit 

Figure 7-1, IsometricVlew of the Initial Conditions for the MHM Impacting 
the Static Cask/MCO Hanging from the Lifting Fixture and the Crane Cable. 

finput file mhmck4.inp 1016/98) 



Rev. 0 sm-6031 FLUOR DANIEL NORTHWEST, INC. 

CALCULATIONS AND SKETCHES SHEET 

DEPARTMENT: CNStructural ORIGINATEDBY: C. J. Moore DATE: 1 OQOl98 
. .  

ENG COMM NO: CHECKED BY: K. C. Tu DATE: I \ / 5 / f 6 /  
AREA: 200 E REVISED BY: DATE: 

SUBJECT: MHM impact with CasWdCO during insertion into CSB Transfer Pit 

Figure 7-2, Close Zoomed Isometric View of the Initial Conditions for the MHM 
Impacting the Static CasMvlCO. 
onput file mhmck4.inp 10/6/98) 
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SUBJECT: . MHM impact with CasklMCO during insertion into CSB Transfer Pit 

Figure 7-3, The Horizontal X Direction Displacement Time History of the Bottom Center of the Cask 
and the Top Center of the Cask Lid. 

(input file mhmck4.inp 1Ol6198) 
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SUBJECT: MHM impact with Cas!UMCO during insertion Into CSB Transfer Pit 

Figure 7-4, The Horizontal X Direction Velocity l ime  History of the Botlom Center of the Cask 
and the Top Center of the Cask Lid. 

onput file mhmck4.inp 10/6/98) 
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SUBJECT MHM impact with CasWCO durina insertion into CSB Transfer Pit 

Figure 7-5, The Horizontal X Direction Displacement Time History of the Bottom Center of the MCO, 
Middle of MCO Shell, and (he Bottom Center of the Shield Plug. 

onput file mhmck4.inp 10/6/98) 
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SUBJECT MHM impact with CasklMCO during insertion Into CSB Transfer Pit 

Figure 7-6, The Horizontal X Direction Displacement Time History of the Bottom Center of the MCO. 
Middle of MCO Shell, and the Bottom Center of the Shield Plug. 

(input file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with CasklMCO during Insertion into CSB Transfer Pit 

Figure 7-7, The Horizontal X Direction Displacement Time History of the Six Mark 1A Baskets 
with $1 being the Bottom Basket and #6 the Top Basket. 

(input file mhmck4.inp 10/6/98) 

... . 

x--3( BASK1-X-15216 
tf B A S K 2 - L l 5 4 0 6  - BASK3-X-15596 - BASK4-X-15786 - BASKS-X-15976 

, BASK6-X-16166 

I 

X H I N  0.000Et00 
XHAX .7.600E-02 
Y H I N  -1.760E-01 
YHAX 5.008E-01 

<Hi- 

- 0 . 2  ' 
0 . 0 0  0.02 0.04 0.06 0 . 0 8  

TOTAL TIME 



SNF-603 1 
FLUOR DANIEL NORTHWEST, INC. 

CALCULATIONS AND SKETCHES SHEET 

Rev. 0 

DEPARTMENT: Ciil/Structural ORIGINATEDBY: C. J. Moore DATE: 10/20/98 
. .  

ENG COMM NO: CHECKED BY: K. C. Tu DATE: / 3 / q 6 ;  
AREA: 200 E REViSED BY: DATE: ' 

SUBJECT MHM irnoact with CaskIMCO durina insertion into CSB Transfer Pit 

Figure 7-8, The Horizontal X Direction Velocity Time History of the Six Mark 1A Baskets 
with $1 being the Bottom Basket and #S the Top Basket. 

(Input file rnhmck4.inp 10/6/98) 
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SUBJECT: MHM impactwith CasklMCO during insertion into CSB Transfer Pit 

Figure 7-9, The Equivalent Plastic Strain at 77 lililiiseconds of the Cask, Cask Lid, MCO, 
Shield Plug, and Baskets due to the 8 in/sec Impact of the MHM with the Static CaskmilCO. 

(input file mhmck4.inp 10/6/98) 
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SUBJECT: MHM impact with CasldMCO during insertion into CSB Transfer Pit 

Section 8.0 Analysis Results for M H M  and CasWMCO Impacting the Transfer Pit Wall 

The second simulation evaluated a MHM and casklMCO combination moving at 8 inches per second 
impacting the side wall of the CSB transfer pit. 

Figure 8-1 s h ~ ~ s  a side view of the initial conditions for the simulation of the MHM and casWMCO 
impacting the CSB transfer pit wall. Figure 8-2 shows an isometric view of the initial conditions for the 
simulation of the MHM and caskfMCO impacting the transfer pit wall. In Figure 8-2 the model can be seen 
to be a half model. The simplified MHM is modeled as a large steel ring moving in the positive x or 1 axis 
direction at 8 incheslsecond. Also, in Figure 8-2 the casWMCO is movjng in the positive x or 1 axis 
direction a: 8 inchsslsecond. Figure 8-3 shows a zoomed isometric view of the initial conditions of the 
MHM and casWMCO impacting the wall. In Figure 8-3 some details of the basket modeling can be 
observed. It should be noted that the MHM and casWMC0 2re positioned 0.024 inch from the wall to 
allow the gravity and pressure loads to be applied before the actual impact, Figure 8 4  shows a zoomed 
isometric view of the initial conditions of the MHM and casWMCO impacting the wall. 

Figure 8-5 shows the horizontal x direction displacement time history of tne MHM at a lumped mass center 
point. In Figure 8-5 the MHM displacements can be seen to increase and then to reverse at 25 
milliseconds. Figure 8-6 shows the horizontal x direction velocity time history of the bottom center of the 
MHM at a lumped msss center point. ln,Figure E-6 the velocity of the MHM can be seen to go to zero at 
25 milliseconds. 

Figure 8-7 shows the horizontal x direction displacement time history of the bottom center of the cask and 
th? top center of the cask lid. In Figure 8-7 the cask bottom displacements can be seen to increase and 
then to reverse sign indicating the bottom bouncing back at 5 milliseconds. Also, in Figure 8-7 the top of 
the cask lid continues to increase indicating rotation of the cask. Figure 8-8 shows ths horizontal x 
direction velocity time history of the bottom center of the cask and the top center of the cask lid. In Figure 
8-8 dynamic oscillation of the velocity of the top and bottom of the cask can be observed with the velocity 
reversing sign between the bottom and top indicating cask rotation. 

Figure 8-9 sh3rvs the horizonla! x direclion displacement time history of the bottom center of the MCO, 
middle of MCO shell, and the bottom center of the shield plug. in Figure 8-9 the MCO displacements can 
be seen to begin increasing at a constant rate until at approximately 15 milliseconds when the MCO 
impacts the inside of the cask, as compared to the cask displacements beginning at approximately 4 
milliseconds. The MCO takes approximately 10 milliseconds to slide over to the impact side of the cask. 
Figure 8-10 shows the horizontal x direction velocity time history of the bottom center of the MCO, middle 
of the MCO shell, and the bottom center of the shield plug. In Figure 8-10 dynamic oscillation of  the 
velocity of the top and bottom of the MCO can be observed with the bottom and middle velocities 
approaching a negative and zero value respectively. 

Figure 8-1 1 shows the horizontal x direction displacement time history of the six Mark 1A baskets with 
being the bottom basket and % the top basket. In Figure 8-1 1 the basket displacements can be Seen to 
begin increasing constantly until at 21 milliseconds as compared to the cask displacements beginning at 
approximately 4 milliseconds with the MCO following at approximately 15 milliseconds. The baskets take 
approximately 6 milliseconds to slide over to the impact side of the MCO. Figure 8-12 shows the 
horizontal x direction velocity time history of the six Mark 1A baskets. In Figure 8-12 dynamic Oscillation Of 

3 4  

I 

-__- - .  



Sm-6031 
FLUOR DANIEL NORTHWEST, INC. Rev. 0 

CALCULATIONS AND SKETCHES SHEET 

DEPARTMENT: CiviVStnrctural ORIGINATEDBY: C. J. Moore DATE: 10120/98 

ENG COMM NO: CHECKED BY: K. C. Tu DATE: l l /  3/qb 
AREA: 200 E REVISED BY: DATE: 
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the velocity of the six Mark 1A baskets of the MCO can be observed after basket impact at 21 
milliseconds. 

Figure 8-13 shows at 35 milliseconds the equivalent plastic strain of the cask, cask lid, MCO, shield plug, 
and baskets due to the 8 incheslsecond impact of the MHM and the casklMCO with the transfer pit wall. 
Figure 8-14 shows at 35 milliseconds the equivdan: plastic strain of the baske!s. In Figure 8-14 the 
maximum plastic strain can be seen to be approximately 0.3 per cent strain. The 8 incheslsecond impact 
of the MHM and the casWMCO with the transfer pit wall does not do any significant damage to the MCO or 
the six Mark 1A baskets. The local deformations are mainly linear elastic. The MCO circumference 
retains the original dimensions. The MCO and baskets maintain all geometry requirements; basket 
criticality specifications are not violated for this impact. 

!' 
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SUBJECT: MHM impact with CasWCO during insertion into CSB Transfer Pfi 

Figure 8-1, Side View of the Initial Conditions for the MHM and Cask/MCO Impacting 
the CSB Transfer Pit Wall. 

(input file mhmck6.inp 10/19/98) 
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SUBJECT: MHM impact with CasWMCO during insertion into CSB Transfer Pit 

Figure 8-2, Isometric View of the Initial Conditions for the MHM and CasWMCO Impacting 
the CSB Tranfser Pit Wall. 

(input file rnhmck6.inp 10/19/96) 
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SUBJECT: MHM impact with CaskMCO during insertion into CSB Transfer Pit 

Figure 8-3, Zoomed IsometiicView of the Initial Conditions for the MHM 
and CasWCO impacting the CSB Transfer Pit Wall. 

(input file rnhrnck6.inp 1011 9/98) 
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SUBJECT: MHM impact with CasklMCO during insertion into CSB Transfer Pit 

Figure 8-4, Close Zoomed IsometricView of the Initial Conditions for the MHM 
and CasklMCO impacting the CSB Transfer Pit Wall. 

(input file mhmck6.inp 10/19/9S) 
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SUBJECT: MHM impact with CasklMCO during Insertion into CSB Transfer Pit 

Figure 8-5, The Horizontal X Direction Displacement Time History of the MHM 
Center Lumped Mass Point. 

(input file mhmck6.inp 10/19/98) 

.- . . . . . . . 

0.10 

rl 
3 
I 

0 . 0 5  

XHIN 3.000E-03 
XMAX 3.5OOE-02 
YHIN 2.401E-02 

I YMW. 1.327E-01 I I 1 1 1 I 

5 .  10. 15. 20. 2 5 .  3 0 .  35. 

TOTAL TIME [ X l O  - 3  1 

40 



sw-603 1 
FLUOR DANIEL NORTHWEST, INC. Rev. 0 

CALCULATIONS AND SKETCHES SHEET 

DEPARTMENT: Civil/Structu r a f ORIGINATED BY: C. J. Moore DATE 10/20/98 
. .  

ENG COMM NO: CHECKED BY: K. C. Tu DATE: 1 1  /?/qb 
AREA: 200 E REVISED BY: DATE: 

SUBJECT: MHM impact with CaskMCO during insertion into CSB Transfer Pit 

Figure 8-6, The Horizontal X Direction Velocity Time History of the MHM 
Center Lumped Mass Point. 

(input file mhmck6.inp 10/19/98) 

I -  I.IIil.1-v-19301 I 

W I N  3.000E-03 
XHAY 3.500E-02 
YHIN -2.477E100 
YHAY 8.014E100 

8 .  

6 .  

4 .  

2. 

0. 

- 2 .  

5 .  10. 15. 20. 2 5 ,  30. 35. 

TOTAL TIME [ X l O  -3  1 
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SUBJECT MHM impact with CasklMCO during insertion Into CSB Transfer Pit 

Figure 8-7, The Horizontal X Direction Displacement Time History of the Bottom Center of the Cask 
and the Top Center of the Cask Lid. 

finput file mhrnck6.inp 10/19/98) 

1.0 

LIOTC-X-13411 

0 . 5  

h 0.0 
5 
3 
01 
u1 
H 
0 

- 0 . 5  

XElIN O.OOOE+Oo 
XIRX 3.500E-02 
Y M I N  -9.045E-01 
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SUBJECT: MHM impact with CasklMCO during insertion into CSB Transfer Pit 

Figure 8-8, The Horizontal X Direction Velocity Time History of the Bottom Center of the Cask 
and the Top Cenler of the Cask Lid. 

(input file rnhmck6.inp 1 O/l9/98) 

x--1( cRSKB-V-8356 
+------f LIDTC-V-13411 

XHIN O.OOOE+OO 
XnAX 3.500E-02 
YWIN -4.405Et01 
YWRX 4.695Et01 

40. - 

- 
20 .  - 

- 

- 
-20 .  - 

-40 .  - 
15. 20. 25. '30. 3 5 .  0. 5. 10. 

TOTAL TINE '. [ x ~ ~  -3 1 
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SUBJECT: MHM impact with CasMvlCO during insertion into CSB Transfer Pit 

Figure 8-9, The Horizontal X Direction Displacement Time History of the Bottom Center of !he MCO, 
Middle of MCO Shell, and the Bottom Center of the Shield Plug. 

(input file rnhmck6.inp 10/19/98) 

XMIN 0.000E+00 
XMAX 3.500E-02 
YWIN -2. .700E-01 
YHAX 7.682E-01 

0.8 

, .  >c-f( HCOB-X-161 
+--f. MCOH-X-1898 - SPLUCB-X-5077 

r( 0 . 4  

I 

4 
0. 
VI u n 

-0.2 - 

0. 5. 10. 15. 20. 25. 30. 35. 

TOTAL TIME [ x10 -3 ] 
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MHM impact with CaskmilCO during insertion into CSB Transfer Pit 

Figure 8-1 0, The Horizontal X Direction Displacement Time History of the Bottom Center of the MCO, 
Middle of MCO Shell, and the Bottom Center of the Shield Plug. 

(input tile mhmck6.inp 10/19/98) 

+--t. Elcou-v~lesa 
C--2 SPLUCB-V-5077 

XNIN O.OOOE+OO 
XNdX . 3.500E-02 
YHIN -1.112Et02 
YlW. 6 .467Et01  

0. 
rl > 

I 

-100. 

I I I I .  I I . '  I I I I .  I I . '  

0 .  5. 10. 15. 20. 2 5 .  30. 35. 
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SUBJECT: MHM impact with Cask/MCO during insertion Into CSB Transfer Pit 

Figure 8-1 1, The Horizontal X Direction Displacement Time History of the Six Mark 1A Baskets 
with #I being the Bottom Basket and #6 the Top Basket. 

(input file mhrnck6.inp 10/19/98) 

X----X BASK1-X-15216 
BASK2-X-15406 

Q--5 BASK3-X-15596 
BASK4-X-15786 

*--* BASKS-X-15976 
.-. BASK6-X-16166 

XMIN 0.000E+00 
XUAX 3.500E-02 
YHIN -6.267E-02 
YHAX 4.853E-01 

0.: 

0.4 

0.3 

0.2 

0.1 

0.0 

I '  /I 

I I I I 

0. 5. 10. 15. 20. 25. 30. 35. 
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MHM impact with CasWCO durina insertion into CSB Transfer Pit 

Figure 8-12, The Horizontal X Direction Velocity Time History of the Six Mark I A  Baskets 
with # I  being the Bottom Basket and #6 the Top Basket. 

(input file mhmck6.inp 10/19/98) 

X----X BASK1-V-15216 - BASK2-V-15406 
5- BASK3-V-15596 - BASR4-V-15786 
*------i BASKS-V-15976 
4-2 BASX6-V-16166 

XMIN 0.000E100 
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SUBJECT: MHM impact with CaskNCO during insertion into CSB Transfer Pit 

Figure 8-13, The Equivalent Plastic Strain at 35 Milliseconds of the Cask, 
Cask Lid, MCO, Shield Plug. and Baskets due to the 8 in/sec Impact 

of the MHM and CaskNCO with the CSB Transfer Pit Wall. 
(input.file mhmck6.inp 10:19:98) 

I- R U T A R T  FILE - mlunck6 STEP 3 
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SUBJECT: MHM impact with CasWCO during insertion Into CSB Transfer Pit 

Figure 8-14, The Equivalent Plastic Strain at 35 Milliseconds of the Bottom Basket due to the 8 inlsec 
Impact of the MHM and CasWCO with the CSB Transfer Pit Wall. 

(input file mhmck6,inp 10/19/98) 

DISPUCWENT IUOIIPICATIOII F h m R  I 1.00 
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