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INGLE MODULE LS-DYNA NONLINEAR/
JEL IS THE DESIGNATED DESIGN BASIS -
UTION METHODOLOGY.

ON LINEAR ASPECTS OF THE LS-DYNA
J9EL WERE ENHANCED DURING THE 2005-

8l S-DYNA MODEL’S CONSERVATISM HAS
N FIRMLY ESTABLISHED THROUGH
ARISON WITH SASSI SOLUTIONS:




IBUTES OF THE LS-DYNA

AL CIRCUMSCRIBES LIS BASE, EVEN THOUGH THE
: MAY-EXTE gl FAR BEYOND |

SOIL SUBSTRATE EXTENDS BELOW THE PAD TO
BEDROCK;

CONTROL MOTION IS APPLIED AT BEDROCK;

SUBGRADE SURROUNDING THE VVM IS |
RMITTED TO EXHIBIT ELASTIC-PLASTIC BEHAVIOR

IMPACT FORCES FROM RATTLING OF THE NON-
ED MASSES, NAMELY, THE FUEL ASSEMBLIES, THE
L BASKET, MPC CONFINEMENT BOUNDARY, AND
LID, ARE SIMULATED IN THE MODEL BY
ALISTIC MODELING OF THE NON-FIXED INTERNALS.



o D Uf LS' Dm_to_

Item L3-DYNA B ABRI
1 : nAB3] results
| Max.CEC Primary 10 ks1 4.8 kst 2.08
STREDS |
OVALITY (MEASURED | 0.13m 0.02 6.5
AT MID-HEIGHT)
DISPLACEMENT 3.87 i 0.155 in 25
DIFFERENCE (iclude movement of lid | (includes some ngid body
BETWEEN TOP LID relative to shell and rigid | rotation of support pad)
AND BASE OF VYV body rotation of shell)
PEAK PAD 27 G733 (INCLUDES 0.692 G"3 (NO IMPACT | 39
HORIZONTAL EFFECT OF IMPACTS)y | EFFECT)
ACCELERATION AT
BAJE OF PAD
DIRECTLY UNDER
VYM CENTERLINE
(UNFILTERED VALUE)
PEAK FORCE ON PAD | 612 kip (vertical) 259.9 kip (vertical) 2.35
257 kip (horizontal) 104.0 kip (horizontal) 2.47

NOTE: PAD FORCES FOR SASSI SOLUTION BASED ON LOADED VVM CENTROID ACCELERATIONS

OF 1G HORIZONTAL AND 1667 G VERTICAL






25” IS ADDED TO DWG. 4501. (NOTE
AT GAP IS INCLUDED IN



IDE COATING INFORMATION

ING)

C SHELL AND CONCRETE INTERFACE ARE BOTH
THE AMBIENT |

EEL AND CONCRETE HAVE ESSENTIALLY SAME
DEFFICIENT OF THERMAL EXPANSION. THERFORE,
) MECHANISM EXISTS FOR MACRO-SLIPPAGE

- TWEEN THE SHELL AND CONCRETE.

INT IS JUST ONE OF MANY BARRIERS (1/8”
PRROSION ALLOWANCE EXCEEDS STANDARDS

EC RESPONSE: (NO CHANGE TO FSAR OR



T SCREEN SIZE CONTROL

TEC RESPONSE (FSAR AND/OR DWG
ANGE):

ARIABLE INLET SCREEN SIZE ELIMINATED
OM FSAR; WORDING CHANGED TO SAY
AT “ ALL INLET AND OUTLET AIR |
SSAGES ARE EQUIPPED WITH SCREENS,
IN THE ABOVEGROUND HI-STORM
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BOTTOM PLATE TO CEC
ELL WELD COMMENT ON DWG.

TEC RESPONSE (DWG.

INCE GUSSET IS CHAMFERED,
HERE WILL BE NO INTERFERENCE
JITH THE WELD LINE.



CUSS CHANGE IN ANALYSES FROM
11014-3 TO LAR 1014-6

EC RESPONSE:(NO DWG. OR FSAR
NGES)

CHANGE IN ANALYSES. BOTH |
NFIGURATIONS HAVE SAME VVM-TO-
YUPPORT PAD RESTRAINT. |

O RESTRAINT OF VERTICAL RELATIVE
OTION IS INCLUDED IN EITHER ANALYSIS

‘1 CE CLIPS IN LAR 1014-3 CONFIGURATION
RE ONLY FOR BOUYANCY RESISTANCE
URING CONSTRUCTION.
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TH SOLUTIONS HAVE KEYED
NSTRUCTION VVM-TO-SUPPORT PAD
YS TO LIMIT LATERAL EXCURSIONS OF
M RELATIVE TO PAD. LAR 1014-6 HAS
HANCED KEYED CONFIGURATION TO
DUCE INTERFACE STRESSES

E CONFIGURATION IN LAR 1014-6

LUDES SUBSTRATE BELOW THE PAD

H CONTROL MOTION AT BEDROCK. THIS
ODUCES A SIMULATION REFLECTING THE
UE SCENARIO AT MOST SITES.
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IS INSULATION ATTACHED?

TEC RESPONSE (DWG.
NGEﬁ' |
AINLESS STEEL STUDS WELDED TO

IDER SHELL, INSULATION
ESSED ONTO STUDS AND HELD ON

JITH LOCK WASHERS.

BESEAPACITY OF STUDS MUCH LARGER
IRRIHAN LOADING ON STUD. '
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ER MATERIAL PROPERTIES IN SASSI
ALYSIS

I TEC RESPONSE (NO CHANGE TO
IR OR DRAWING):
E MINIMUM STIFFNESS IS NOT USED IN
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BLE 2 I 2 PROVIDES MINIMUM VALUES
R UNDERPAD SUBSTRATE STIFFNESS

D NUMBER OF MPC GUIDES. REFERENCE
LUES FOR DENSITY AND TOP PAD
ICKNESS ARE PROVIDED BASED ON
GINEERING EXPERIENCE TO PROVIDE A
BUST DESIGN.
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ESPQNSE‘“(FSAR CHANGE)

O CONVERSION OF STRAIN COMPATIBLE
EgLPjERTIES OBTAINED FROM SHAKE PROPERTIES IS
IRED

LASTIC-PERFECTLY PLASTIC SOIL ELEMENT
EggBRES AN ADDITION LIMIT STRESS VALUE
AD

IMBI[ STRESS VALUE DETERMINED FROM ASCE 4-98
ABLE

SUBSECTION 3.1.4.7.1 1 IS CLARIFIED TO INCLUDE
FLIMIT STRESS AND ITS COMPUTATION.

15



i FERENCES ADDED TO SUBSECTION 3.8

UBSECTION 3.1.7.1 ADDS APPLICABLE SITE-
PECIFIC SEISMIC STRUCTURAL ANALYSIS
MS:
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9 CONTI

FINPUT CONTROL MOTION AND THE BOUNDING

| RESULTS FROM EACH SET SHALL BE USED TO
| ESTABLISH THE SEISMIC/STRUCTURAL RESPONSE
| OF THE SITE SPECIFIC VWM’s .

giHE LOWER BOUNDARY OF THE MODEL MAY BE
i PLACED AT A LAYER AT WHICH THE SHEAR WAVE
B ‘l;i}f VELOCITY EXCEEDS 3500 FT./SEC. OR AT A
e SUBSTRATE LAYER THAT HAS A MODULUS AT
s LEAST 10 TIMES THE MODULUS OF THE SOIL
SN LAYER IMMEDIATELY BELOW THE FOUNDATION
B¢ SUPPORT PAD. THE LOWER BOUNDARY MAY BE

B ASSUMED TO BE RIGID.
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JNCERTAINTIES IN SSI ANALYSIS SHALL BE
| ACCOUNTED FOR BY VARYING THE BEST
| ESTIMATE LOW STRAIN SHEAR MODULUS OF THE
| SUBSTRATES BETWEEN THE BEST ESTIMTE

| VALUES TIMES (1+C) AND THE BEST ESTIMATE

' VALUE DIVIDED BY (1+C). IF SUFFICIENT,
ADEQUATE SOIL INVESTIGATION DATA ARE

| AVAILABLE, THEN C MAY BE ESTABLISHED BASED
ON THE MEAN AND STANDARD DEVIATION. THE
INIMUM VALUE OF C IN THIS CASE IS 0.5. WHEN
SUFFICIENT DATA ARE NOT AVAILABLE, C =1.
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iTE ELEMENT SIZE SHALL BE SELECTED TO
JUWATELY REPRODUCE STATIC AND DYNAMIC EFFECTS
Tﬁ}{ NUMBER OF ELEMENTS IN THE VICINITY OF THE
IRT FOUNDATION SHALL BE CHOSENTO

IATELY REPRODUCE THE STATIC STRESS

TION BENEATH THE FOUNDATION SUPPORT PAD
NE ENOUGH TO ADEQUATELY MODEL ROCKING.

P CONTROL SHALL BE SUFFICIENTLY SMALL TO
TELY DEFINE THE APPLIED DYNAMIC FORCES AND
CONVERGENCE AND STABILITY. _
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ON OF UNCERTAINTY IN
SAMPLE PROBLEMS

EC RESPONSE:(SAR CHANGE)

T CONSIDERED IN ILLUSTRATIVE AND
ONFIRMATORY SOLUTIONS AS THEY ARE
®T THE DBSM FOR ANY SITE SPECIFIC CASE.

ER RESPONSE TO RAI 3.9, ADDED
EQUIREMENT TO DBSM.
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VIDE SUBSTRATE LAYER SLIDING
SEPARATION REFERENCES

EC RESPONSE (SAR REVISION)

R RAI 3.9, THE ENHANCED DBSM
MMITMENT FOLLOWS APPLICABLE
EQUIREMENTS FROM ASCE GUIDANCE
IDCUMENTS. THEREFORE, THE STATEMENT
! QUESTION IS REMOVED.
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IDE SUPPORT FOUNDATION MOMENT AND
AR CALCULATIONS

EC RESPONSE (SAR REVISION)

LTEC RESPECTFULLY BELIEVES QUESTION AS
RASED IS NOT APPROPRIATE. FOUNDATION
PPORT PAD IS AN “INTERFACING SSC”.
GULATIONS AND PRIOR-PRECEDENCE SUGGEST
AT ANALYSIS OF THESE STRUCTURES IS OUTSIDE
E PURVIEW OF THE SAR.

WEVER, WE DESCRIBE THE HISTORICAL
THODOLOGY, APPLIED TO ABOVE GROUND ISFSI
DS, THAT IS USED HERE TO DETERMINE THE PAD
DMENT AND SHEAR.
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ERFACE FORCE-TIME HISTORIES ARE OBTAINED
OM DBSM. FOR EXAMPLE, FIGURES 15 AND 16
OM CALCULATION 7 IN THE SUPPORTING
LCULATION PACKAGE PROVIDE THE INFORMATION
R THE ILLUSTRATIVE LS-DYNA SOLUTION
TERFACE VERTICAL AND LATERAL LOAD TIME
S5TORIES).

ERFACE LOADS ARE CONVERTED TO PRESSURE -
D SURFACE SHEAR STRESS AND APPLIED TO
ITE ELEMENT MODEL OF THE SITE SPECIFIC
UNDATION SUPPORT PAD ON THE APPROPRIATE
BSTRATE FOUNDATION.

STORICALLY,ALL VVM LOCATIONS ARE
NSEF({;VATIVELY SUBJECT TO SAME SURFACE
ADING.
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CULATION/DISCUSSION OF
SI ISSUES: CONCRETE
CKING STRAIN; EFFECT OF

H DENSITY ON FOUNDATION
FNESS; EFFECT ON RESPONSE
M UPPER BOUND FOUNDATION
FNESS ' | '
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SASSI SIMULATION IS A CONFIRMATORY
ALYSIS, IS NOT PART OF THE DESIGN
SIS, AND IS PERFORMED SOLELY TO
DRESS THE STAFF CONCERN ABOUT
LTIPLE VVMS AND THE CONSERVATISM
THE DBSM. AS SUCH, SENSITIVITY
UDIES ON CONCRETE CRACKING, MESH

, AND PAD STIFFNESS ARE BEYOND THE
ANNED SCOPE OF THE SASSI SOLUTION.

DT WITHSTANDING THE ABOVE:
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(1) RELEVANT PARTS OF FIGURES 9.2-1
AND 9.2-2 FROM SASSI CALCULATION

PACKAGE ARE USED AND CALCULATION
PERFORMED TO ESTIMATE THE STRAIN

FROM THE PAD SHAPE:
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ONCRETE.CRACKING IS 4.25.

s AR

E FOCUS OF THE SASSI CONFIRMATORY
YSIS IS NOT ON THE PREDICTION OF THE
XESS DISTRIBUTION IN THE FOUNDATION
iPORT PAD, BUT ON THE INTERACTION

EEN VVMS IN A POSTULATED MULTI-VVM
BALLATION. THE FOUNDATION SUPPORT PAD
'J FECTIVELY SIMULATED WITH THE MODELING
HURACY CONSISTENT WITH A CONTINUOUS
VI'-;;’MLAYER OF SUBSTRATE AT THE BASE OF

NG A FINER MESH THROUGH THE THICKNESS
DECREASE THE PAD STIFFNESS.
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s -

PARE SUPPORT PAD |
FELERATIONS FROM ILLUSTRATIVE
YNA SOLUTION AND
IRMATORY SASSI SOLUTION

\TEC RESPONSE (NO CHANGE IN SAR
DRAWINGS) REQUESTED

DRMATION IS PROVIDED AND
IPARED IN THE FOLLOWING:
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30" above bedrock, A-soil, B-concrete

Node no.

_A 49282
.B 36524

10
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max=11.48 . Time (sec)
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Horizontal Aceleraton Under Centerlne of Center Cask (Case 2- center 9 casks loaded)

{0 , — Node 2111 (depth 26.1 £t 51t below pad), max=-692 ¢
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PARISONS:

YNA PAD AND SOIL LAYER HAS
GER PEAK G’S. WELL ABOVE
SASSI PEAK G’S BELOW 1.0.

AUSE CEC-TO-PAD IMPACTS
SIMULATED IN SASSI
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EC RESPONSE (NO SAR OR
WING CHANGE):

E VALUE USED IS NOT PART OF THE
SIGN BASIS.

E CHOICE OF A 30” PAD THICKNESS FOR
E ILLUSTRATIVE LS-DYNA SOLUTION AND
E CONFIRMATORY SASSI SOLUTION IS
SED ON THE THICKNESS RANGE (24”-36”)
EXISTING ABOVE GROUND ISFSI
TALLATIONS.
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ERE IS NO REASON TO MATCH
UNDATION PAD STIFFNESS. THE LS- DYNA
LUTION HAS A PADLET MEANT TO

XIMIZE VVM ROTATIONS AND PROVIDE
E MOST DEMAND ON THE VVM, WHILE THE
SSI SIMULATION HAS A CONTINUOUS PAD
THE EXTENT NECESSARY TO
COMPASS THE 5 X 5 VVM ARRAY.
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S FOR SELECTING ELASTIC PLASTIC
JME IN LS-DYNA SOLUTION

EC RESPONSE (NO FSAR OR DRAWING
GE)

E BASIS IS TO INSURE THAT SOIL RESULTS DO
)T PROVIDE EXCESSIVE AND UNREALISTIC
PPORT TO THE VVM

E BASIS IS FOUNDED ON A SOLUTION AVAILABLE

ASCE STANDARD 4-98, WHERE THE MAXIMUM SOIL

ESSURE AGAINST A FIXED WALL IS DETERMINED
A FUNCTION OF THE SEISMIC ACCELERATION.
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REVIEW OF THE FINITE ELEMENT MODEL
JGGESTS THAT THE LOCALIZED HIGH STRAIN
PNCENTRATION OBSERVED AT THE BOTTOM OF

IE ELASTIC-PLASTIC SOIL VOLUME ALONG THE
JARP EDGE OF THE CONCRETE PAD IS MODELING
LATED. THIS EDGE EFFECT AT THE

)IL/ICONCRETE CONTACT INTERFACE IS DUE TO

E GEOMETRIC CONFIGURATION OF THE ANALYZED
OBLEM AND THE SIGNIFICANT STIFFNESS
FERENCE BETWEEN THE SOIL AND THE

)INCRETE PAD AND THE ABRUPT CHANGE IN
)JACENT SUBSTRATE PROPERTIES

IS LOCAL STRAIN CONCENTRATION HAS
EGI\_,I&IBLE EFFECT ON THE GLOBAL RESPONSE OF
M
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OVIDE SAR DISCUSSION AS
DED AND TS VERBIAGE TO

RE MEETING OF SEC. 5.1.6 OF
EG-0612

L TEC RESPONSE (SAR
IFICATION)

PROPRIATE VERBIAGE IN SAR AND
IS ADDED TO MEET STAFF |
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BUSTMENT OF OUTLET VENT
SIGHT AND CONTROL OF LIMITS
| TEC RESPONSE (SAR AND
BEAWING REVISION):

SEROVISIONS ELIMINATED. ONLY
ECREENS INCLUDED ARE
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USS RELEVANCY OF LS-DYNA
SASS| COMPARISONS GIVEN
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em

DBSM

SASSI

Remarks

P A gt Bedrock

0.5 (Horizortal),
0.333 (ertical)

0.5 (Horizontaly;
0.333 (Vertical)

Seizmic time history
inputs are identical
and applied at the
top of bedrock

Depthto Top of
Bedrock

Approximately 51°

Approximately 51°

Bedrock elevsation-
the same

Substrate hat erial

Exactly match the
strain compatible
values used in the
SASS] simulation
(except for elastic-
plastic soil elements

Figure 3.1 .1 3 is the
strain compatible

data (constant with

depth in the two
substrates) that is
an input to SASSI

MNo SHaKE
analysis performed
as simulations
assumed that
property values
were already strain

surrounding the compeatible
V)
Support Pad 30" 30" -
Thickness . :
Extert of Single Padlet Single Pad sized to SASS] pad sized to

Foundation Support
Pad

- surraunded and

supported by

suppart upto 5 x5
array

mairntain same pad
extent regardiess of

substrate number of loaded
Viv'Mis
Pad Compressive 4 ksi 4 ksi -
Strength
. Pad Material MNonlinear Linear Elastic SASS] restricted to
Behavior linear elastic
' hehavior
YWMiSubstrate Separation and Bonded contact SASS| restricted to
Interface Sliding permitted linear elastic
' hehavior
| Gaps Included per No gaps permitted SASSI is a linear

licensing drawings

codle.
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SOMPARISON.IS RELEVANT BECAUSE |
, \DATION SUPPORT PADS
AND SINGLE PADLETS ARE BOTH
RMITTED IN THE 100U DESIGN BASIS.

OMPARISON IS RELEVANT SINCE

il USTRATIVE LS-DYNA SOLUTION
BINCLUDES ALL REAL WORLD

| “:_.?\\JO NLINEARITIES, RATTLING CONTENTS AND
RINCORPORATES A FOUNDATION SUPPORT
73" ADLET THAT PUTS GREATEST DEMAND ON
iVM STEEL STRUCTURE BECAUSE OF

’ CREASED IMPACTS AND ROTATION.
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E CONFIRMATORY SOLUTION INCLUDES
NTINUOUS SUPPORT PAD AND MULTIPLE VVMs.
EN THOUGH CONFIRMATORY SOLUTION NOT A
SIGN BASIS, IT PROVIDES VEHICLE FOR

SERTING VALIDITY OF DBSM AS A DESIGN TOOL
R SEISMIC QUALIFICATION OF THE 100U AT ANY
E | |

E COMPARISON OF STRESS IN THE VVM FROM THE
O SOLUTIONS IS RELEVANT AS IT ESTABLISHES
E ASSERTED CONSERVATISM OF THE DBSM.
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E COMPARISON OF OVALITY AT THE MID-HEIGHT IS
LEVANT AS IT CONFIRMS AN EXPECTED
NCLUSION. THE DIFFERENCE IS NOT DUE TO AN
ONSISTENCY IN THE APPLIED CONSTRAINT, BUT
BECAUSE OF THE INABILITY OF SASSI TO

ULLATE A NONLINEAR GEOMETRY.

E RESULTS FROM THE COMPARISON SUPPORT
%GSSERTIONS THAT IS THE LINCHPIN OF THE -

THE SINGLE PADLET CARRYING A SINGLE VVM
NONLINEAR SOLUTION PROVIDES THE BOUNDING
DEMAND ON THE VVM

MULTIPLE VVMs ON A CONTINUOUS SUPPORT

PAD DOES NOT INDUCE SIGNIFICANT

W“IZERENCES IN THE RESPONSE OF ANY LOADED
' 43




BIAGE FOR THE HI-STORM 100U
ULD PARALLEL THAT FOR HI-
RM 100 ABOVE GROUND
ALLATION | |

ONLY VERBIAGE THAT
IPLIES SOUND ENGINEERING
JGEMENT AND EXPERIENCE.

INOT OVER REGULATE

44




VIDES EMPIRICAL LIMITS THAT, IF
 ALLOW PLACEMENT OF FREE |
ANDING CASKS ON ISFSI PAD.

fIMITS ARE NOT MET, DYNAMIC
ALYSIS OF SITE- SPECIFIC
NFIGURATION IS PERMITTED

BOGNIZES SITE SPECIFIC NATURE OF
DUCT

[RESTRICTIONS OR INTRUSION INTO
5| PAD DESIGN
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| LOWS HISTORICAL.
ECEDENT IN PERMITTING,

RLY RESTRICTIVE LIMITS ON
FIGURATION, WHICH IS o
UNTER TO PAST PRACTICE »




TRATIVE SOLUTION SHOULD NOT
LEVATED TO THE STATUS OF A
GN BASIS

O REASON FOR A SQUARE
ONFIGURATION RESTRICTION

O REASON FOR ABSOLUTE
ATERIAL THICKNESS CONTROL
NGE TO A THINNER WALL

LESS STEEL WOULD BE |
HIBITED”') | .




DITION OF TABLE 2.1.2 WOULD
APPROPRIATE SINCE THAT
LE SETS SOME LIMITS BASED

SOUND ENGINEERING | -
)JGEMENT AND PRIOR |
ERIENCE
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Table 2.1.2
CRITICAL CHARACTERISTICS FOR INTERFACING SSCs AND MPC GUIDES

A Itemn Value Symbol Comment
1. | M vertical stiffness 2.0E+06 K The minimum stiffness is based on limiting the
of the Support Foundation imimediate elastic settlement at the TOF {basgd
and Undergirding Subgrade on the interface load listed in Table 3.1.5 and
(Ib/inch) ) the weight of the Closure Lid per Table 3.1.1}.
This minimum prescribed stiffness prevents
excessive Support Foundation settlement undpr
load. ‘
2. | Reference thickness of the 28 T This thickness is used in shielding analysis in|
VVM Interface Pad (inch) Supplement 5.I: use of a larger value will
enhance shielding even funther.
3. | Average density of the 140 Y This density is used in shielding analysis in
VVM Interface Pad (Ib/ft) ' Supplement 5.1; use of a different value will
: . results in a change in the computed dose results.
4. | Average density of 106 Y. The average density is used in shielding
subgrade adjacent to CEC analysis in Supplement 5.I; use of a greater
(169 value will enhance shielding even further. The
maximum value, used in the reference seismi¢
, analvysis, is given in Table 2.1.4
5 | Minimum Number of 4/6 Ng The MPC Guides transfer impact loads from fhe
Upper/Lower MPC Guides MPC to the Divider Shell.
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