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Reference: PFS Letter, Donnell to U.S. Nuclear Regulatory Commission,
Commitment Resolution Letter # 34, dated June 2, 2000

In the referenced letter, Private Fuel Storage (PFS) committed to provide the NRC with
information on tipover of a cask transporter, propane vapor cloud dispersion, and a
revised calculation package associated with bearing capacity and sliding stability of the
cask storage pads and the Canister Transfer Building. This letter provides the
informational commitments and the calculation package.

Attachment 1 contains the calculation package that addresses bearing capacity and sliding
stability analyses of the cask storage pads and the Canister Transfer Building. The
package consists of the following three calculations which have been revised to address
issues discussed in the referenced letter:

PFSF Calculation No. 05996.02-G(B)-4, Stability Analysis of Storage Pad, Rev. 6,
Stone & Webster.

PFSF Calculation No. 05996.02-G(B)-5, Bases for Geotechnical Parameters
Provided in Geotechnical Design Criteria, Rev. 2, Stone & Webster.

PFSF Calculation No. 05996.02-G(B)-13, Stability Analyses of the Canister
Transfer Building Supported on a Mat Foundation, Rev. 3, Stone & Webster.
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Attachment 2 provides the results of an evaluation of the stability of the cask transporter
when carrying a storage cask, assuming it is subjected to the PFSF design basis ground
motion, or to the design tornado-driven missile. The evaluation concludes that the cask
transporter and the storage cask will remain upright and not tip over when subjected to
these events.

Attachment 3 contains the results of analyses of postulated propane releases from the
relatively large propane storage tank(s) that will be located a minimum distance of 1,800
ft south or southwest of the Canister Transfer Building, considering dispersion and
delayed ignition. The analyses assessed several different postulated propane leakage
scenarios, including rupture of a 20,000 gallon propane tank, rupture of a 5,000 gallon
propane tank, severance of a 2 inch vapor line at the tank, and severance of a 2 inch
liquid line at the tank. As discussed in Section 8.2.4 of the PFSF SAR, propane vapor
will be supplied from the storage tank(s) to the Canister Transfer Building and Security
and Health Physics Building, using a compressor to provide the motive force. Based on
building heating requirements, a 2 inch line is adequate for this purpose. Analysis ofa?2
inch propane liquid line rupture was included for completeness, but liquid propane will
not be supplied from the tank(s). It was assumed that variable winds were directed
towards the Canister Transfer Building and cask storage area under stable atmospheric
conditions (atmospheric stability class F), to minimize dispersion of the propane vapor in
the plumes. In the analyses of plume formation for the postulated 2 inch line ruptures,
wind speeds were varied between 1 to 5 meters per second to determine the wind speed
that resulted in a concentration of gas at the lower explosive limit (LEL) approaching
nearest to the Canister Transfer Building and cask storage area. A wind speed of 3
meters per second, combined with atmospheric stability class F, maximized this
explosive concentration travel distance and was considered to represent the worst case
meteorology.

In all cases analyzed, with the exception of postulated rupture of a 20,000 gallon tank,
propane-air concentrations diminished to below the LEL at distances much shorter than
the 1,800 ft minimum distance from the tank(s) to the Canister Transfer Building and the
" nearest storage casks. However, in the case of postulated rupture of a 20,000 gallon tank,
explosive concentrations of propane traveled to distances beyond 1,800 ft under the worst
case meteorological conditions evaluated. Therefore, PFS will design the propane
storage for supplying propane to heat the Canister Transfer Building and Security and
Health Physics Building with 4 separate tanks, with each tank having a capacity of less
than or equal to 5,000 gallons for a total capacity of not more than 20,000 gallons. The 4
tanks shall be separated by missile walls to ensure that a single missile driven by the
design tornado can not rupture more than one tank. The design will assure that it is not
credible that more than one of the tanks could rupture at any given time.

Each propane tank shall have an excess flow shutoff valve that automatically isolates
upon sensing high flow that could be due to a downstream line rupture or large leak. In
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addition, a single excess flow shutoff valve shall be located on the 2 inch piping header
that supplies propane to the Canister Transfer Building and Security and Health Physics
Building, downstream of the connection points of the lines from the 4 propane tanks.
This valve shall also be designed to automatically close upon sensing high flow
conditions indicative of a line rupture or large leak. This system of automatic isolation
valves will serve to automatically isolate pipeline ruptures, thus preventing significant
leakage of propane in the vicinity of the Canister Transfer Building or Security and
Health Physics Building.

The analyses provided in Attachment 3 also assess overpressures that could occur from
postulated propane vapor cloud explosions, assuming ignition occurs near the center of
the plumes for each of the 4 propane release cases evaluated. The effects of explosions
were analyzed using the TNT energy equivalent methodology, described in PFSF SAR
Section 8.2.4. In all cases analyzed, with the exception of postulated rupture of a 20,000
gallon tank, overpressures decreased to less than 1 psi prior to reaching the Canister
Transfer Building and nearest storage casks.

The PFSF license application will be updated as required to reflect the above information,
and that included in the attachments to this letter, and submitted to the NRC by June 23,
2000.

If you have any questions regarding this response, please contact me at 303-741-7009.
Sincerely

(Lo

John L. Donnell
Project Director

Private Fuel Storage L.L.C.

Attachments
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ATTACHMENT 1

CALCULATION PACKAGE ADDRESSING BEARING CAPACITY
AND SLIDING STABILITY ANALYSES OF THE CASK STORAGE
PADS AND THE CANISTER TRANSFER BUILDING
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RECORD OF REVISIONS

REVISION O
Original Issue

REVISION 1

Revision 1 was prepared to incorporate the following:
¢ Revised cask weights and dimensions
¢ Revised earthquake accelerations
¢ Determine gan as a function of the coefficient of friction between casks and pad.

REVISION 2

To add determination of dynamic bearing capacity of the pad for the loads and loading
cases being analyzed by the pad designer. These include the 2-cask, 4-cask, and 8-cask
cases. See Attachment A for background information, as well as bearing pressures for the
2-cask loading.

REVISION 3

The bearing pressures and the horizontal forces due to the design earthquake for the 2-
cask case that are described in Attachment A are superseded by those included in
Attachment B. Revision 3 also adds the calculation of the dynamic bearing capacity of the
pad for the 4-cask and 8-cask cases and revises the cask weight to 356.5 K, which is
based on Holtec HI-Storm Overpack with loaded MPC-32 (heaviest assembly weight shown
on Table 3.2.1 of HI-Storm TSAR, Report HI-951312 Rev. 1 — p. C3, Calculation 05996.01-
G(B)-05, Rev 0). '

REVISION 4

Updated section on seismic sliding resistance of pads (pp 11-14F) using revised ground
accelerations associated with the 2,000-yr return period design basis ground motion
(horizontal = 0.528 g; vertical = 0.533 g) and revised soil parameters (c = 1,220 psf; ¢ =
24.9°, based on direct shear tests that are included in Attachments 7 and 8 of Appendix
2A of the SAR.). The horizontal driving forces used in this analysis (EQhc and EQhp) are
based on the higher ground accelerations associated with the deterministic design basis
ground motion (0.67g horizontal and 0.69¢g vertical). These forces were not revised for the
lower ground accelerations associated with the 2,000-yr return period design basis ground

motion (0.528¢ horizontal and 0.533g vertical) and, thus, this calculation will require
confirmation at a later date.

» Added a section on sliding resistance along a deeper slip plane (i.e., on cohesionless soils}
beneath the pads. '

Updated section on dynamic bearing capacity of pad for 8-cask case (pp 38-46). Inserted
pp 46A and 46B. This case was examined because it previously yielded the lowest qau
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among the three loading cases (i.e., 2-cask, 4-cask, and 8-cask). The updated section
shows a calculation of g.u based on revised soil parameters (c and ¢). Note: this analysis
will require confirmation and may be updated using revised vertical soil bearing pressures
and horizontal shear forces, based on the lower ground accelerations associated with the
2,000-yr return period design basis groupd motion (0.528¢g horizontal, and 0.533g
vertical).

Modified /updated conclusions.
NOTE: SYBoakye prepared/DLAloysius reviewed pp 14 through 14F.
Remaining pages prepared by DLAloysius and reviewed by SYBoakye.

REVISION 5

Major re-write of the calculation.

1. Renumbered pages and figures to make the calculation easier to follow.

2. Incorporated dynamic loads due to revised design basis ground motion (PSHA 2,000-yr
return period earthquake), as determined in CEC Calculation 05996.02-G(PO17)-2, Rev
0, and removed "Requires Confirmation".

3. Added overturning analysis.

4. Added analysis of sliding stability of cask storage pads founded on and within soil
cement.

5. Revised dynamic bearing capacity analyses to utilize only total-stress strength
parameters because these partially saturated soils will not have time to drain fully
during the rapid cycling associated with the design basis ground motion. See
Calculation 05996.02-G(B)-05-1 (SWEC, 2000a) for additional details.

6. Added reference to foundation profiles through pad emplacement area presented in
SAR Figures 2.6-5, Sheets 1 through 14.

7. Changed "Load Combinations” to "Load Cases" and defined these cases to be consistent
throughout the various stability analyses included herein. These are the same cases as
are used in the stability analyses of the Canister Transfer Building, Calculation
05996.02-G(B)-13-2 (SWEC, 2000b). ’

8. Revised conclusions to reflect results of these changes.
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REVISION 6

1. Added "References” section.

2. Revised shear strength used in the sliding stability analyses of the soil cement/silty
clay interface to be the strength measured in the direct shear tests performed on
samples obtained from depths of ~5.8 ft in the pad emplacement area. The shear
strength equaled that measured for stresses corresponding to the vertical stresses at
the bottom of the fully loaded cask storage pads.

3. Removed static and dynamic bearing capacity analyses based on total-stress strengths
and added dynamic bearing capacity analyses based on ¢, = 2.2 ksf..

4.

Revised method of calculating the inclination factor in the bearing capacity analyses to
that presented by Vesic in Chapter 3 of Winterkorn and Fang (1975). Vesic's method
expands upon the theory developed by Hansen for plane strain analyses of footings
with inclined loads. Vesic’s method permits a more rigorous analysis of inclined loads
acting in two directions on rectangular footings, which more closely represents the
conditions applicable for the cask storage pads.
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OBJECTIVE OF CALCULATION

Evaluate the static & seismic stability of the cask storage pad foundations at the proposed
site, including overturning, sliding, and bearing capacity for static loads & for dynamic
loads due to the design basis ground motion (PSHA 2,000-yr return period earthquake).

ASSUMPTIONS/DATA

The arrangement of the cask storage pads is shown on SWEC Drawing 0599601-EY-2-B.
The spacing of the pads is such that each N-S row of pads may be treated as one long strip
footing with B/L ~ 0 & B=30 ft for the bearing capacity analyses.

The E-W spacing of the pads is great enough that adjacent pads will not significantly
impact the bearing capacity of one another, as shown on Figure 1, "Foundation Plan &
Profile.”

The generalized soil profile, presented in Figure 1, indicates the soil profile consists of ~30
ft of silty clay/clayey silt with some sandy silt (Layer 1), overlying ~30 ft of very dense fine
sand (Layer 2), overlying extremely dense silt (N 2100 blows/ft, Layer 3). SAR Figures 2.6-
5 (Sheets 1 through 14 present foundation profiles showing the relationship of the cask
storage pads with respect to the underlying soils. These profiles, located as shown in SAR
Figure 2.6-19, provide more detailed stratigraphic information, especially within the upper
~30-ft thick layer at the site.

Figure 1 also illustrates the coordinate system used in these analyses. Note, the X-
direction is N-S, the Y-direction is vertical, and the Z-direction is E-W. This is the same
coordinate system that is used in the stability analyses of the Canister Transfer Building
(Calculation 05996.02-G(B)-13-2, SWEC, 2000b).

The bearing capacity analyses assume that Layer 1, which consists of silty clay/clayey silt
with some sandy silt, is of infinite thickness and has strength properties based on those
measured at depths of ~10 ft for the clayey soils within the upper layer. These
assumptions simplify the analyses and they are very conservative. With respect to bearing
capacity, the strength of the sandy silt in the upper layer is greater than that of the clayey
soils, based on the increases in Standard Penetration Test (SPT) blow counts (N-values])
and the increased tip resistance (see SAR Figures 2.6-5) in the cone penetration testing
(ConeTec, 1999) noted in these soils. The underlying soils are even stronger, based on
their SPT N-values, which generally exceed 100 blows/ft.

Based on probabilistic seismic hazard analysis, the peak acceleration levels of 0.528¢g for
horizontal ground motion and 0.533g for the vertical ground motion were determined as

the design bases of the PFSF for a 2,000-yr return period earthquake (Geomatrix
Consultants, Inc, 1999b).
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GEOTECHNICAL PROPERTIES

Based on laboratory test results presented in Table 2 of Calculation 05996.02-G(B)-05-2
(SWEC, 2000a}, '

Ymoist = 80 pcf for the soils underlying the pad emplacement area.

The bearing capacity of the structures are dependant primarily on the strength of the soils
in the upper ~25 to ~30-ft layer at the site. All of the borings drilled at the site indicate
that the soils underlying this upper layer are very dense fine sands overlying silts with
standard penetration test blow counts that exceed 100 blows/ft. The results of the cone
penetration testing, presented in ConeTec(1999) and plotted in SAR Figure 2.6-5, Sheets 1
to 14, illustrate that the strength of the soils in the upper layer are much greater at depths
below ~10 ft than in the range of ~5 ft to ~10 ft, where most of the triaxial tests were
performed.

In practice, the average shear strength along the anticipated slip surface of the failure
mode should be used in the bearing capacity analysis. This slip surface is normally
confined to within a depth below the footing equal to the minimum width of the footing. In
this case, the effective width of the footing is decreased because of the large eccentricity of
the load on the pads due to the seismic loading. As indicated in Table 2.6-7, the minimum
effective width occurs for Load Case IlIB, where B’ = 16.3 ft. Figure 7 illustrates that the
anticipated slip surface of the bearing capacity failure would be limited to the soils within
the upper two-thirds of the upper layer. Therefore, in the bearing capacity analyses
presented herein, the undrained strength measured in the UU triaxial tests was not

increased to reflect the increase in strength observed for the deeper-lying soils in the cone
penetration testing.

Table 6 of Calc 05996.02-G(B)-05-2 (copy included in Attachment C) summarizes the
results of the triaxial tests that were performed within depths of ~10 ft. The undrained
shear strengths measured in these tests are plotted vs confining pressure in Figure 11 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment C). This figure is annotated to

indicate the vertical stresses existing prior to construction and following coinpletion of
construction.

The undrained shear strengths measured in the triaxial tests are used for the dynamic
bearing capacity analyses because the soils are partially saturated and they will not drain
completely during the rapid cycling of loadings associated with the design basis ground
motion. As indicated in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in
Attachment C), the undrained strength of the soils within ~10 ft of grade is assumed to be
2.2 ksf. This value is the lowest strength measured in the UU tests, which were performed
at confining stresses of 1.3 ksf. This confining stress corresponds to the in situ vertical
stress existing near the middle of the upper layer, prior to construction of these
structures. It is much less than the final stresses that will exist under the cask storage
pads and the Canister Transfer Building following completion of construction. Figure 11 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment C) illustrates that the undrained
strength of these soils increase as the loadings of the structures are applied; therefore, 2.2
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ksf is a very conservative value for use in the dynamic bearing capacity analyses of these
structures.

Direct shear tests were performed on undisturbed specimens of the silty clay/clayey silt
obtained at a depth of 5.7 ft to 6 ft in Boring C-2. These tests were performed at normal
stresses that were essentially equal to the normal stresses expected:

1. under the fully loaded pads before the earthquake,
2. with all of the vertical forces due to the earthquake acting upward, and
3. with all of the vertical forces due to the earthquake acting downward.

The results of these tests are presented in Attachment 7 of the Appendix 2A of the SAR
and they are plotted in Figure 7 of Calc 05996.02-G(B)-05-2 (copy included in Attachment
C). Because of the fine grained nature of these soils, they will not drain completely during
the rapid cycling of loadings associated with the design basis ground motion. Therefore,
sliding stability analyses included below of the cask storage pads constructed directly on
the silty clay are performed using the shear strength measured in these direct shear tests
for a normal stress equal to the vertical stress under the fully loaded cask storage pads
prior to imposition of the dynamic loading due to the earthquake. As shown in Figure 7 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment C), this shear strength is 2.1 ksf
and the friction angle is set equal to 0°.

Effective-stress strength parameters are estimated to be ¢ = O ksf, even though these soils
may be somewhat cemented, and ¢ = 30°. This value of ¢ is based on the PI values for
these soils, which ranged between 5% and 23% (SWEC, 2000a), and the relationship
between ¢ and PI presented in Figure 18.1 of Terzaghi & Peck (1967).

Therefore, static bearing capacity analyses are performed using the following soil
strengths:

Case IA Static using undrained strength: ¢ = 0° & ¢ = 2.2'ksf.
Case IB Static using effective-stress strength: ¢ = 30° & c = 0.

The pads will be constructed on and within soil cement, as illustrated in SAR Figure 4.2-7
and described in SAR Sections 2.6.1.7 and 2.6.4.11. The unit weight of the soil cement is
assumed to be 100 pcf in the bearing capacity analyses included herein. The strength of
the soil cement is conservatively ignored in these bearing capacity analyses.

METHOD OF ANALYSIS

DESCRIPTION OF LoAD CASES

Load cases analyzed consist of combinations of vertical static, vertical dynamic
(compression and uplift, Y-direction), and horizontal dynamic (in X and Z-directions) loads.

The following load combinations are analyzed:
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Case | Static
Case Il  Static + dynamic horizontal forces due to the earthquake
Case Il Static + dynamic horizontal + vertical uplift forces due to the earthquake

Case IV Static + dynamic horizontal + vertical compression forces due to the
earthquake -

For Case II, 100% of the dynamic lateral forces in both X and Z directions are combined.
For Cases III and IV, the effects of the three components of the design basis ground motion
are combined in accordance with procedures described in ASCE (1986) to account for the
fact that the maximum response of the three orthogonal components of the earthquake do
not occur at the same time. For these cases, 100% of the dynamic loading in one direction
is assumed to act at the same time that 40% of the dynamic loading acts in the other two
directions. For these cases, the suffix "A" is used to designate 40% in the X direction (N-S,
as shown in Figure 1), 100% in the Y direction (vertical), and 40% in the Z direction (E-W).
Similarly, the suffix "B" is used to designate 40% in the X direction, 40% in the Y, and
100% in the Z, and the suffix "C" is used to designate 100% in the X direction and 40% in
the other two directions. Thus,

Case [IIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.
Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.
Case [IIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.

The negative sign for the vertical direction in Case III indicates uplift forces due to the
earthquake. Case IV is the same as Case III, but the vertical forces due to the earthquake
act downward in compression; therefore, the signs on the vertical components are positive.

OVERTURNING STABILITY OF THE CASK STORAGE PADS
The factor of safety against overturning is defined as:

FSor = ZMResisting + ZMbriving

The resisting moment is calculated as the weight of the pad and casks x the distance from

" ‘one edge of the pad to the center of the pad in the direction of the minimum width. The
weight of the pad is calculated as 3 ft x 64 ft x 30 ft x 0.15 kips/ft3 = 864 K, and the weight
of 8 casks is 8 x 356.5 K/cask = 2,852 K. The moment arm for the resisting moment
equals %2 of 30 ft, or 15 ft. Therefore,

Wp We  B/2
EMresisting = [864 K + 2,852K] x 15 ft = 55,740 ft-K

The driving moment includes the moments due to the horizontal inertial force of the pad x
Y5 the height of the pad, the vertical inertial force of the pad plus casks x 2 the minimum
width of the pad, and the horizontal force from the casks acting at the top of the pad x the
height of the pad. The casks are simply resting on the top of the pads; therefore, this force
cannot exceed the friction force acting between the steel bottom of the cask and the top of
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the concrete storage pad. This friction force was calculated based on the upper-bound
value of the coefficient of friction between the casks and the storage pad (u = 0.8, as shown
in SAR Section 8.2.1.2) x the normal force acting between the casks and the pad. This
force is maximum when the vertical inertial force due to the earthquake acts downward.
However, when the vertical force from the earthquake acts downward, it acts in the same
direction as the weight, tending to stabilize the structure. Therefore, the minimum factor
of safety against overturning will occur when the dynamic vertical force acts in the upward
direction, tending to unload the pad.

When the vertical inertial force due to the earthquake acts upward, the friction force = 0.8
X (2,852K - 0.533 x 2,852K) = 1,066 K. This is less than the maximum dynamic cask
horizontal driving force of 1,855 K (Table D-1(c) in CEC, 1999). Therefore, the worst-case
horizontal force that can occur when the vertical earthquake force acts upward is limited
by the upper-bound value of the coefficient of friction between the bottom of the casks and
the top of the storage pad, and it equals 1,066K.

an Wp av Wp Wc B/2

IMbprving = 1.5 ft x 0.528 x 864 K+ 0.533 x [864 K + 2,852 K] x 15 ft +
3 ftx 1,066 K = 33,592 ft-K.
EQhc

55740 ft—-K _

FS, _ =— " =
= FSor 33,592 ft -K

1.66

This is greater than the criterion of 1.1; therefore, the cask storage pads have an adequate

factor of safety against overturning due to dynamic loadings from the design basis ground
motion.

SLIDING STABILITY OF THE CASK STORAGE PADS

The factor of safety (FS) against sliding is defined as follows:
FS = resisting force + driving force
For this analysis, ignoring passive resistance of the soil (soil cement) adjacent to the pad,
the resisting, or tangential force (T), below the base of the pad is defined as follows:
T=Ntan¢+cBL
where, N (normal force) = ¥ Fv = We + Wp + EQve + EQyp
¢ = 0° (for Silty Clay/Clayey Silt)
c = 2.1 ksf, as indicated on p C-2.
B = 30 feet
L = 64 feet
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SoIiL CEMENT

Objective:
Determine the minimum required strength of the soil cement to provide a factor of safety

against sliding of the cask storage pads of 1.1.

Method/Assumptions:

1. Assume that the resistance to sliding is provided only by the passive resistance of the
soil-cement layer above the bottom of the pads, ignoring the contribution of the
frictional portion of the strength.

2. Ignore the passive resistance of the overlying compacted aggregate.

3. Assume the active thrust of the compacted aggregate is less than the passive thrust
and, thus, the active thrust can be ignored.

4. Use Eq 23.8a of Lambe & Whitman (1969) to calculate passive thrust, Py, as follows:
P, =Yy, H> +%v, H*N, +q  HN, +2cH N,

where
H = height of soil cement above bottom of pad
N, = Ky, coefficient of passive pressure, = 1 assuming ¢ = 0.
s = uniform surcharge, = (Y X H)compacted aggregate, > 0.125 kef x 0.71 ft = 0.09 ksf

c = effective cohesion
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SOIL CEMENT

Analysis:
Figure 3 presents an elevation view of the minimum thickness of soil cement in the vicinity
of the cask storage pads. Figure 4 illustrates _the passive pressures acting on the pads.
To obtain FS = 1.1, the total resisting force, T, must =

K
cask

1.1x[3’x30’x64’x0.15% + 8 casksx356.5 ] x 0.528

T=2158K - -

Assuming this resisting force is provided only by the passive resistance provided by the 2-
ft thick layer of soil cement adjacent to the pads, as shown in Figures 3 & 4, the minimum
required strength of the soil cement is calculated as follows. Note, ignore buoyancy, since

the depth to the water table is ~124.5 ft below grade, as measured in Observation Well
CTB-5 OW.

1 2 - .
P, = _2-y H N¢ +qH N¢ +2¢H ,}N¢ EQ 23.8a of Lambe & Whitman (1969
‘K 8.5in.
here =(y-H =0.125 —x———_ =0.09 ksf/LF, which is negligible.
where g, =(y-H),.. 12 in/Mt / gle

Conservatively assuming ¢ = 0° for soil cement, N, = Kp = 1.0.

Assuming sliding resistance is provided only by the "passive resistance of the soil cement,
the minimum resistance will exist for sliding in the N-S direction, because the width in the
east-west direction (B=30) is less than the length in the north-south direction (L=64").

Find the minimum cohesion required to provide FS = 1.1.
Y H2 Ke H N,

Pr must be 2 2,158K = %-O.IOO%X(Z ftf x1.0 + 2.2 ft -4/1.0

2158K K _ K _ K
2198K 5o B se-71903 8 o sgz-71.73 B8
301t ft r ¢ LF

2
c 2 17.93 kst X ft X 10004 _ 125 psi
LF 12in. K

The unconfined compressive strength equals twice the cohesion, or 250 psi. Soil cement
with strengths higher than this are readily achievable, as illustrated by the lowest curve in
Figure 4.2 of ACI 230.1R-90, which applies for fine-grained soils similar to the eolian silt
in the pad emplacement area. Note, f. = 40C where C = percent cement in the soil cement.
Therefore, to obtain f. >250 psi, the percentage of cement required would be ~250/40 =
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SOIL CEMENT

6.25%. This is even less cement than would typically be used in constructing soil cement
for use as road base, and it would be even lower if shear resistance acting on the base of
the pad was included or if K, was calculated for ¢ > 0°. Note, Tables 5 & 6 of Nussbaum &
Colley (1971) indicate -¢ exceeds 40° for all A-4 soils (CL & ML) treated with cement.
Therefore, soil cement will greatly improve the sliding stability of the cask storage pads.

As indicated in Figure 3, the soil cement will extend at least 1 ft below all of the cask
storage pads, and, as shown in SAR Figure’s 2.6-5, Pad Emplacement Area Foundation
Profiles, it will typically extend 3 to 5 ft below most of the pads. Thus, the area available to
resist sliding will greatly exceed that of the pads alone. The soil cement will have higher
shear strength than the underlying silty clay/clayey silt layer; therefore, the resistance to
sliding on that interface will be limited by the shear strength of the silty clay/clayey silt.
Direct shear tests on samples of the soils from the in the pad emplacement area indicate
the shear strength available to resist sliding from loads due to the design basis ground
motion 2.1 ksf as shown in Figure 7 of Calc 05996.02-G(B)-5-2 (copy included in
Attachment C).

The following pages illustrate that there is an adequate factor or safety against sliding of
the pads, postulating that they are constructed directly on the silty clay/clayey silt and
neglecting the passive resistance provided by the soil cement that will be surrounding the
pads. The factor of safety against sliding along the soil cement/silty clay interface will be
much greater than this, because the shearing resistance will be available over the areas
between the pads, as well as under the pads, and additional passive resistance will be
provided by the continuous soil cement layer existing below the pads.
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SLIDING STABILITY OF THE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

Material around the pad will be soil cement. In this analysis, the passive resistance
provided by the soil cement is ignored to demonstrate that there is an acceptable factor of
safety against sliding of the pads if they were founded directly on the silty clay/clayey silt.
The soil cement is assumed to have the same properties that were used in Rev 4 of this
calculation to model the crushed stone (compacted aggregate) that was originally proposed
adjacent to the pads. These include:

vy = 125 pcf Because of the low density of the eolian silts that will be
used to construct the soil cement, it is likely that y will be
less than this value. It is conservative to use this higher
value, because it is used in this analysis only for
determining upper-bound estimates of the active earth
pressure acting on the pad due to the design basis ground
motion.

¢ = 40° Tables 5 & 6 of Nussbaum & Colley (1971) indicate that ¢
exceeds 40° for all A-4 soils (CL & ML, similar to the eolian
silts at the site) treated with cement; therefore, it is likely
that ¢ will be higher than this value. This value is not used,
however, in this analysis for calculating sliding resistance.
It also is used in this analysis only for determining upper-
bound estimates of the active earth pressure acting on the
pad due to the design basis ground motion.

H=3f1t As shown in SAR Figure 4.2-7, the pad is 3 ft thick, but it is
constructed such that the top is 3.5" above grade to
accommodate potential settlement. The depth of the pad is
used in this analysis only for calculating the maximum
dynamic lateral earth pressure; therefore, it is conservative
to ignore the 3.5" that the pad sticks out of the ground.

The resistance to sliding is lower when the forces due to the earthquake act upward;
therefore, analyze the sliding stability for Load Case IlI, which has the dynamic forces due
to the earthquake acting upward. To increase the conservatism of this analysis, assume
100% of the dynamic forces due to the earthquake act in both the N-S and Vertical
directions at the same time. The length of the pad in the N-S direction (64 ft) is greater
than twice the width in the E-W direction (30 ft); therefore, estimate the driving forces due
to dynamic active earth pressures acting on the length of the pad, tending to cause sliding
to occur in the E-W direction. The maximum dynamic cask driving force, however, acts in
the N-S direction. To be conservative, assume that it acts in the E-W direction in this
analysis of sliding stability. However, the maximum horizontal force that can be applied to
the top of the pad by the casks is limited to the maximum value of the coefficient of friction

between the cask and the top of the pad, which equals 0.8, multiplied by the cask normal
force.
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

ACTIVE EARTH PRESSURE

P.=0.5 yH2K.

Ka=(1-sin ¢)/(1 + sin ¢) = 0.22 for ¢ = 402 for the soil cement.

P. =[0.5 x 125 pcf x (3 ft)2 x 0.22] x 64 ft (length)/storage pad = 7,920 lbs.

DYNAMIC EARTH PRESSURE

As indicated on p 11 of GTG 6.15-1 (SWEC, 1982), for active conditions, the combined
static and dynamic lateral earth pressure coefficient is computed according to the analysis
developed by Mononobe-Okabe and described in Seed and Whitman (1970) as:

(-0, ) cos®(9-6-a)

2
cose-coszoc-cos(8+a+e).[1+\/ sin (¢ +98)-sin (¢-6-B) J
cos(8+a+6)-cos(B-a)

K;e=

where :

6 =tan|—H
Oy

B =slope of ground behind wall,

o =slope of back of wall to vertical,

a, =horizontal seismic coefficient, where a positive value corresponds to a horizontal
inertial force directed toward the wall,

a, = vertical seismic coefficient, where a positive value corresponds to a vertical inertial
force directed upward,

8 =angle of wall friction,

¢ = friction angle of the soil,

g =acceleration due to gravity.

The combined static and dynamic active earth pressure force, Pag, is calculated as:

P, =%yH2 K,.. where:
Y = unit weight of soil,
H =wall height, and

K,-is calculated as shown above.
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

¢ = 40°

Approximating sin (0-6)*0and cos ($-6) = 1

_ l'av
cos 0-cos(d6+6)

Kae

1-0.533
AE = - =1.92
cos 48.5° - cos {20° +48.5°)

Therefore, the combined static and dynamic active lateral earth pressure force is:

Y Hz Ka L
Fipew =Pae = % x 125 pef x (3 ft)? x1.92 x 64 ft / storage pad = 69.1K in E - W direction.
Foens =69.1Kx Z)L_fft =32.4 K in the N - S direction.
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/ CLAYEY SILT
WEIGHTS

Casks: We=8x 356._5 K/cask = 2,852 K
Pad: Wp = 3 ft x 64 ft x 30 ft x 0.15 kips/ft3 = 864 K

EARTHQUAKE ACCELERATIONS — PSHA 2,000-YR RETURN PERIOD

an = horizontal earthquake acceleration = 0.528¢g
ay = vertical earthquake acceleration = 0.533g

CAskK EARTHQUAKE LOADINGS
EQvc = -0.533 x 2,852 K = -1,520 K (minus sign signifies uplift force)
EQhcx = 1,855 K (acting short direction of pad, E-W) Qxd max in Table D-1(c} in Att B
EQhcey = 1,791 K (acting in long direction of pad, N-S) Qya max in Table D-1(c) !

Note: These maximum horizontal dynamic cask driving forces are from Calc 05996.02-
G(PO17)-2, (CEC, 1999), and they apply only when the dynamic forces due to the
earthquake act downward and the coefficient of friction between the cask and the pad
equals 0.8. For frictional materials, sliding is critical when the foundation is unloaded due
to uplift forces from the earthquake. Therefore, EQhc max is limited to a maximum value of

1,066 K for Case III, based on the upper-bound value of p = 0.8, as shown in the following
table:

wT EQv. N 0.2xN|0.8xN EQhc max
K K K K K K
Case IIT - Uplift 2,852 | -1,520| 1,332 266 1,066 1,066

1,850 E-W
Case IV - EQr Down | 2,852 | 1,520 | 4,372 | 874 | 3,498 | 1,791 N-S

Note:

Case III: 100% N-S, -100% Vertical, 0% E-W  Earthquake Forces Act Upward
Case IV: 100% N-S, 100% Vertical, 0% E-W  Earthquake Forces Act Downward

FOUNDATION PAD EARTHQUAKE LOADINGS

EQvp =-0.533x 864 K=-461 K
EQhp =0.528 x 864 K =456 K
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

Caskg III: 100% N-S, -100% VERTICAL, 0% E-W

Minimum sliding resistance exists when EQvc and EQvp act in an upward direction (Case
111}, tending to unload the pad. For this case,

We Wp EQvc EQvp
N=2,852K+864K+(-1,520K) + (461 K} = 1,735 K

N ¢ c B L
T=1735Kxtan 0°+ 2.1 ksfx 30 ft x 64 ft = 4,032 K
The driving force, V, is defined as:
V = Fae + EQhp + EQhc
The factor of safety against sliding is calculated as follows:
T Fag EQhp EQhc
FS=4,032 K+ (69.1 K+ 456 K+ 1,066 K) = 2.53

For this analysis, the value of EQhc was limited to the upper-bound value of the coefficient
of friction, u = 0.8, x the cask normal load, because if Qxd exceeds this value, the cask
would slide. The factor of safety exceeds the minimum allowable value of 1.1; therefore
the pads are stable with respect to sliding for this load case. The factor of safety against
sliding is higher than this if the lower-bound value of p is used (= 0.2), because the driving
forces due to the casks would be reduced.
CASE IV: 100% N-S, 100% VERTICAL, 0% E-W EARTHQUAKE FORCES ACT DOWNWARD
When the earthquake forces act in the downward direction:
T = Ntan¢ + [c BL]

where, N (normal force) = 3, Fv = Wc + Wp + EQvc + EQvp

Wc Wp EQvc EQvp
N=2852K+864K+ 1,520K+ 461 K=5,697K

N 0] c B L
T=5697Kxtan0°+ 2.1 ksfx 30 ft x 64 ft] = 4,032 K

The driving force, V, is defined as:
V = Fae + EQhp + EQhc

The factor of safety against sliding is calculated as follows:

T Fae EQhp EQhc
FS=4,032K+(69.1 K+ 456 K+ 1,855 K) = 1.69
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

For this analysis, the larger value of EQhc (i.e., acting in the short direction of the pad)
was used, because it produces a lower and, thus, more conservative factor of safety. The
factor of safety exceeds the minimum allowable value of 1.1; therefore the pads are stable
with respect to sliding for this load case. The factor of safety against sliding is higher than
this if the lower-bound value of u is used (= 0.2), because the driving forces due to the
casks would be reduced.

These analyses illustrate that if the cask storage pads constructed directly on the silty
clay/clayey silt layer, they would have an adequate factor of safety against sliding due to
loads from the design basis ground motion. Because the soil cement is continuous
between the pads, its interface with the silty clay will be much larger than that provided by
the footprint of the pads and used in the analyses presented in this section. The soil
cement will be mixed and compacted into the upper layer of the silty clay, providing a
bond at the interface that will exceed the strength of the silty clay. Therefore, this
interface will have more resistance to sliding than is included in these analyses and, thus,
there will be adequate resistance at this interface to preclude sliding of the pads due to the
loads from the design basis ground motion.
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

Adequate factors of safety against sliding due to maximum forces from the design basis
ground motion have been obtained for the storage pads founded directly on the silty
clay/clayey silt layer, conservatively ignoring the presence of the soil cement that will
surround the pads. The shearing resistance is provided by the undrained shear strength
of the silty clay/clayey silt layer, which is not affected by upward earthquake loads. As
shown in SAR Figures 2.6-5, Pad Emplacement Area — Foundation Profiles, a layer,
composed in part of sandy silt, underlies the clayey layer at a depth of about 10 ft below
the cask storage pads. Sandy silts oftentimes are cohesionless; therefore, to be
conservative, this portion of the sliding stability analysis assumes that the soils in this
layer are cohesionless, ignoring the effects of cementation that were observed on many of
the split-spoon and thin-walled tube samples obtained in the drilling programs.

The shearing resistance of cohesionless soils is directly related to the normal stress.
Earthquake motions resulting in upward forces reduce the normal stress and,
consequently, the shearing resistance, for purely cohesionless (frictional) soils. Factors of
safety against sliding in such soils are low if the maximum components of the design basis
ground motion are combined. The effects of such motions are evaluated by estimating the
displacements the structure will undergo when the factor of safety against sliding is less
than 1 to demonstrate that the displacements are sufficiently small that, should they
occur, they will not adversely impact the performance of the pads.

The method proposed by Newmark (1965) is used to estimate the displacement of the
pads, assuming they are founded directly on a layer of cohesionless soils. This
simplification produces an upper-bound estimate of the displacement that the pads might
see if a cohesionless layer was continuous beneath the pads. For motion to occur on a slip
surface along the top of a cohesionless layer at a depth of 10 ft below the pads, the slip
surface would have to pass through the overlying clayey layef, which, as shown above, is
strong enough to resist sliding due to the earthquake forces. In this analysis, a friction
angle of 30° is used to define the strength of the soils to conservatively model a loose
cohesionless layer. The soils in the layer in question have a much higher friction angle,
generally greater than 35° as indicated in the plots of "Phi" interpreted from the cone
penetration testing, which are presented in Appendix D of ConeTec (1999).

ESTIMATION OF HORIZONTAL DISPLACEMENT USING NEWMARK’S METHOD

N-W T Fyeq
<
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

Newmark (1965) defines "N-W" as the steady force applied at the center of gravity of the
sliding mass in the direction which the force can have its lowest value to just overcome the
stabilizing forces and keep the mass moving. Note, Newmark defines "N" as the "Maximum

Resistance Coefficient,” and it is an acceleration coefficient in this case, not the normal
force. ’

For a block sliding on a horizontal surface, N-W =T,
where T is the shearing resistance of the block on the sliding surface.
Shearing resistance, T= 1-Area
where T = Cn tan ¢

on= Normal Stress

¢ = Friction angle of cohesionless layér

on= Net Vertical Force/Area

= (Fv - Fveq)/Area
T= (Fv—Fveq) tan ¢

= N = [(Fv-Fvegtan¢] /W

The maximum relative displacement of the pad relative to the ground, um , is calculated as
um = [V2 (1 - N/A)] / (2gN)

The above expression for the relative displacement is an upper bound for all of the data
points for N/A less than 0.15 and greater than 0.5, as shown in Figure 5, which is a copy
of Figure 41 of Newmark (1965). Within the range of 0.5 to 0.15, the following expression
gives an upper bound of the maximum relative displacement for all data.

um = V2 /(2gN)
MAXIMUM GROUND MOTIONS

The maximum ground accelerations used to estimate displacements of the cask storage
pads were those due to the PSHA 2,000-yr return period earthquake; i.e., ay = 0.528g and
av = 0.533g. The maximum horizontal ground velocities required as input in Newmark's
method of analysis of displacements due to earthquakes were estimated for the cask
storage pads assuming that the ratio of the maximum ground velocity to the maximum
ground acceleration equaled 48 (i.e., 48 in./sec per g). Thus, the estimated maximum
velocities applicable for the Newmark's analysis of displacements of the cask storage pads
= 0.528 x 48 = 25.3 in./sec. Since the peak ground accelerations are the same in both
horizontal directions, the velocities are the same as well.
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LoAD CASES

The resistance to sliding on cohesionless materials is lowest when the dynamic forces due
to the design basis ground motion act in the upward direction, which reduces the normal
forces and, hence, the shearing resistance, at the base of the foundations. Thus, the
following analyses are performed for Load Cases IIIA, IIIB, and IIIC, in which the pads are
unloaded due to uplift from the earthquake forces.

Case IIIA
Case IIIB

40% N-S direction,-100% Vertical direction, 40% E-W direction.
40% N-S direction, -40% Vertical direction,100% E-W direction.
Case [IIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.

GROUND MOTIONS FOR ANALYSIS

North-South Vertical East-West
Load Case Accel Velocity Accel Accel Velocity
g in./sec g g in./sec
II1A 0.211g 10.1 0.533¢g 0.211g 10.1
111B 0.211g 10.1 0.213g 0.528g 25.3
e 0.528g 25.3 0.213g 0.211g 10.1

Load Case IIA: 40% N-S direction, -100% Vertical direction, 40% E-W direction.
Static Vertical Force, Fy = W = Weight of casks and pad = 2,852 K + 864 K = 3,716 kips
Earthquake Vertical Force, Fyveqx = avx W/g = 0.533g x 3,716 K/g = 1,981 K

o= 30° '

For Case IIIA, 100% of vertical earthquake force is applied upward and, thus, must be
subtracted to obtain the normal force; thus, Newmark's maximum resistance coefficient is

Fv Fy Eqk ¢ w
N= [(3,716 - 1,981) tan 30°] / 3,716 = 0.270

{ 40% N-S  40% E-W
Resultant acceleration in horizontal direction, A = /(0.211? +0.211%) = 0.299g

40% N-S 40% E-W
Resultant velocity in horizontal direction, V = \/(10. 12 +10.1%) = 14.3 in./sec

= N/A=0.270/0.299 = 0.903

The maximum displacement of the pad relative to the ground, um, calculated based on
Newmark (1965) is
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um = [V2 (1 - N/A)] / (2gN)

where g is in units of inches/sec2.

. 2
I [_(l4.31n./sec) -(1-0.903)} o1

2.386.4in./sec?-0.270

The above expression for the relative displacement is an upper bound for all the data
points for N /A less than 0.15 and greater than 0.5, as shown in Figure 5. In this case,
N /A is > 0.5; therefore, this equation is applicable for calculating the maximum relative
displacement. Thus the maximum displacement is ~0.1 inches.
Load Case IIB: 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Static Vertical Force, Fy =W = 3,716 K
Earthquake Vertical Force, Fyveqgo = 1,981 Kx 0.40 = 792 K

o= 30°

Fv FV Eqgk q) w
N= [(3,716 - 792) tan 30°] / 3,716 = 0.454

40% N-S 100% E-W
Resultant acceleration in horizontal direction, A = \/(0.2 112 +0.528%) g = 0.569¢g

40% N-S 100% E-W
Resultant velocity in horizontal direction, V = {/(10.12 +25.32) =27.2 in./sec

= N/A=0.454/0.569 =0.798

The maximum displacement of the pad relative to the ground, um, calculated based on
Newmnark (1965) is

[V2(1-N/A) /(28 N)

- 4 = ((27.2in./sec)2 1- 0.798))= 0.43"

Um

m 2.386.4in./sec? 0.454

The above expression for the relative displacement is an upper bound for all the data
points for N /A less than 0.15 and greater than 0.5, as shown in Figure 5. In this case,
N /A is > 0.5; therefore, this equation is applicable for calculating the maximum relative
displacement. Thus the maximum displacement is ~0.4 inches.
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Load Case HHIC: 100% N-S direction, -40% Vertical direction, 40% E-W direction.

Since the horizontal accelerations and velocities are the same in the orthogonal directions,
the result for Case IIIC is the same as those for Case IIIB.

SUMMARY OF HORIZONTAL DISPLACEMENTS CALCULATED BASED ON NEWMARK'S METHOD

LOAD COMBINATION DISPLACEMENT
Case IIIA 40% N-S -100% Vert 40% E-W 0.1 inches
Case IIIB 40% - N-S. -40% Vert 100% E-W 0.4 inches
" Case HIC 100% N-S -40% Vert 40% E-W 0.4 inches

Assuming the cask storage pads are founded directly on a layer of cohesionless soils with ¢
= 30°, the estimated relative displacement of the pads due to the design basis ground
motion based on Newmark's method of estimating displacements of embankments and
dams due to earthquakes ranges from ~0.1 inches to 0.4 inches. Because there are no
connections between the pads or between the pads and other structures, displacements of
this magnitude, were they to occur, would not adversely impact the performance of the
cask storage pads. There are several conservative assumptions that were made in
determining these values and, therefore, the estimated displacements represent upper-
bound values.

The soils in the layer that are assumed to be cohesionless, the one ~10 ft below the pads
that is labeled "Clayey Silt/Silt & Some Sandy Silt" in the foundation profiles in the pad
emplacement area (SAR Figures 2.6-5, Sheets 1 through 14), are clayey silts and silts, with
some sandy silt. To be conservative in this analysis, these soils are assumed to have a
friction angle of 30°. However, the results of the cone penetration testing (ConeTec, 1999}
indicate that these soils have ¢ values that generally exceed 35 to 40° as shown in
Appendices D & F of ConeTec (1999). These high friction angles likely are the
manifestation of cementation that was observed in many of the specimens obtained in
split-barrel sampling and in the undisturbed tubes that were obtained for testing in the
laboratory. Possible cementation of these soils is also ignored in this analysis, adding to
the conservatism.

In addition, this analysis postulates that cohesionless soils exist directly at the base of the
pads. In reality, the surface of these soils is 10 ft or more below the pads, and it is not
likely to be continuous, as the soils in this layer are intermixed. For the pads to slide, a
surface of sliding must be established between the horizontal surface of the "cohesionless”
layer at a depth of at least 10 ft below the pads, through the overlying clayey layer, and
daylighting at grade. As shown in the analysis preceding this section, the overlying clayey
layer is strong enough to resist sliding due to the earthquake forces. The contribution-of
the shear strength of the soils along this failure plane rising from the horizontal surface of
the "cohesionless” layer at a depth of at least 10 ft to the resistance to sliding is ignored in




STONE & WEBSTER ENGINEERING CORPORATION
5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.0O. NO. DIVISION & GROUP
05996.02 G(B)

CALCULATION NO.
04-6

OPTIONAL TASK CODE

PAGE 25

EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

the simplified model used to estimate the relative displacement, further adding to the

conservatism.

These analyses also conservatively ignore the presence of the soil cement under and

adjacent to the cask storage pads.

As shown above, this soil cement can easily be

designed to provide all of the sliding resistance necessary to provide an adequate factor of
safety, considering only the passive resistance acting on the sides of the pads, without
relying on friction or cohesion along the base of the pads. Adding friction and cohesion
along the base of the pads will increase the factor of safety against sliding.
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The bearing capacity for shallow foundations is determined using the general bearing
capacity equation and associated factors, as referenced in Winterkorn and Fang (1975).
The general bearing capacity equation is a modification of Terzaghi's bearing capacity
equation, which was developed for strip footings and indicates that qu: = c-Ne + q-Ng +
VeyB-N, The ultimate bearing capacity of soil consists of three components: 1) cohesion,
2) surcharge, and 3) friction, which are represented by the bearing capacity factors N, Ng,
and N, Terzaghi's bearing capacity equation has been enhanced by various investigators

to incorporate shape, depth, and load inclination factors for different foundation
geometries and loads as follows:

Gue=c Ne sc de ic+ q Ny sqdq ig+ Y2 yB N, s, dy iy
where |
que = ultimate bearing capacity
¢ = cohesion or undrained strength
q = effective surcharge at bottom of foundation, = yD;
y= unit weight of soil
B = foundation width
Se, Sq. Sy= shape factors, which are a function of foundation width to length

d., dg, d, = depth factors, which account for embedment effects

i, i, i,=load inclination factors
N., N,, N, = bearing capacity factors, which are a function of ¢.

y in the third term is the unit weight of soil below the foundation, whereas the unit

weight of the soil above the bottom of the footing is used in determining ¢ in the second
term.

BEARING CAPACITY FACTORS

Bearing capacity factors are computed based on relationships proposed by Vesic (1973),
which are presented in Chapter 3 of Winterkorn and Fang (1975). The shape, depth and
load inclination factors are calculated as follows:

N, = e"ton¢ tan2(45 + 923)
Nec=(N,—1) cot¢, but=5.14 for ¢ = 0.

Ny=2 (Na+1) tano
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SHAPE FACTORS (FOR L>B)

Sc=1+-§-~&
Ne

B
sq =l1+—tan
a L ¢

Sy = 1—0.4E
L

DEPTH FACTORS (FOR % <1)

— : D
dc=dq-—lﬂfor¢>0 and de=1+0.4|—L | for ¢=0.
Ng-tan¢ B
. 2 Dx
dq =1+2tan¢-(1-sin¢) - (E)
dy=1
INCLINATION FACTORS
F m
iq= 1— N };l
FV+BLccot¢
—j F,
ic=iq-—(l—ﬁ—for¢>0 and ie=1 - |—o H__ for =0
Nc-tan¢ B'L' ¢cNe

. . FH m+l
Iy = 1-
F, +B'L ccot ¢
where Fu and Fy are the total horizontal and vertical forces acting on the footing.

STATIC BEARING CAPACITY OF THE CASK STORAGE PADS

The following pages present the details of the bearing capacity analyses for the static load
cases. These cases are identified as follows:

Case JA Static using undrained strength parameters (¢ = 0° & ¢ = 2.2 ksf).
Case IB Static using effective-stress strength parameters (¢ = 30° & ¢ = 0).
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Allowable Bearing Capacity of Cask Storage Pads
Static Analysis: Case 1A - Static 0 %inX, 0%inY, 0%inZ
Soil Properties: ) c= 2,200 Cohesion (psf)
Undrained Strength b= 0.0 Friction Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B = 30.0 Footing Width - ft (E-W) L'=64.0 Length - ft (N-S
D= 2.7 Depth of Footing (ft)
B= 0.0 Angle of load inclination from vertical (degrees)
- FS = 3.0 Factor of Safety required for Qayowabte:
Fy= 3,716 k EQy = 0k
EQuew = 0k EQuns = 0k

Qun = € Ne¢ S¢ de e + Youren D¢ Ng Sq dqiq +1/27yB N, s, d, i,
Ne = (Ng- 1) cot(p), but=514for$=0 =
Ny = e" %" tan?(r/4 + §/2) =
Ny= 2 (Ny + 1) tan (¢) =

se = 1+ (BL)NN,)
Sg=1+ (B/L)tan ¢

s,=1-0.4 (B/L) =

ForD/B<1: dg=1+2tan¢ (1-sin¢)’ DyB =
d, =1

For ¢ > 0: d. = dq - (1-dg) / (Ng tan ¢) =
For$=0:d.= 1+ 0.4 (Dy/B) =

No inclined loads; therefore, i; = iq =i, = 1.0.

N, term
Gross Quu = 13,056  psf= 0 +
Qan = 4,350 psf=qu/FS
actval = 1,936 psf=(F,+ EQ,)/(B’x L)

FSactual = 6.75 = Qut/ Qactua

[geot]j05996\calc\brng_cap\Pad\cu_phi.xis

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

5.14 Eq 3.6 & Table 3.2
1.00 Eq3.6
0.00 Eq3.8
1.09 Table 3.2
1.00 "
.81 "
1.00 Eq3.26
1.00 "
N/A

1.04 Eq3.27

N, term N,term

6,497 + 21,842

> 3 Hence OK
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Allowable Bearing Capacity of Cask Storage Pads

Static Analysis: Case IB - Static 0%inX, 0%inY, 0%inZ
Soil Properties: ] C= 0 Cohesion (psf)
Effective-Stress Strengths 4= 30.0 Friction Angle (degrees)
Y= 80 Unit weight of soil {pcf)
: Ysureh = 100 Unit weight of surcharge (pcf)
Foundation Properties: B = 30.0 Footing Width - ft (E-W) L'=64.0 Length - ft (N-S
D= 2.7 Depth of Footing (ft)
B= 0.0 Angle of load inclination from vertical (degrees)
- FS= 3.0 Factor of Safety required for Quyewatie-
Fy= 3,716 k EQy = 0k
EQuew = 0k EQuns = 0k

General Bearing Capacity Equation,

Aur = © Ne Sc de e + Youren Dy Ng 8q dg Iq + 1/27B N, s, d, iy based on Winterkorn & Fang (1975)

Ne = (Ng- 1) cot(¢), but=5.14for¢ =0 = 30.14 Eq 3.6 & Table 3.2
Ny = e" ™™ tan’(w4 + ¢/2) = 18.40 Eq 3.6
N, = 2 (Ng + 1) tan (¢) = 22.40 Eq 3.8
sc= 1+ (B/LYNN,) . = 1.29 Table 3.2
Sq= 1+ (B/L)tan¢ = 1.27 "
s,= 1-0.4 (BL) = 081 "
ForDyB < 1: dqy=1+2tan¢ (1 -sin ¢)?DyB = 1.03 Eq3.26
d,=1 = 1.00 "
For ¢ > 0: d. = dy - (1-dg} / (Ng tan ¢) = 1.03
For$p=0:d. =1+ 0.4 (Dy/B) = N/A Eq3.27
No inclined loads; therefore, i; = ig =i, = 1.0.
N¢ term Ng term - Nyterm
Gross Quu = 28,340 psf= 0 + 6,497 + 21,842
Q= 9,440  psft=q,/FS
Jactual = 1,936 psf=(F,+EQ,)/ (B’ x L)

FSactual = 14.64 = Ay Qacral > 3 Hence OK

[geot]j05996\calc\brng_cap\Pad\cu_phi.xls
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Table 2.6-6 presents a summary of the results of the bearing capacity analyses for the
static load cases. - As indicated in this table, the gross allowable bearing pressure for the
cask storage pads to obtain a factor of safety of 3.0 against a shear failure from static loads
is greater than 4 ksf. However, loading the storage pads to this value may result in
undesirable settlements. This minimum allowable value was obtained in analyses that
conservatively assume ¢ = 0° and ¢ = 2.2 ksf, as measured in the UU tests that are
reported in Attachment 2 of Appendix 2A of the SAR, to model the end of construction.
Using the estimated effective-stress strength of ¢ = 30° and ¢ = O results in higher
allowable bearing pressures. As shown in Table 2.6-6, the gross allowable bearing
capacities of the cask storage pads for static loads for this soil strength is greater than 9
ksf.
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Dynamic bearing capacity analyses are performed using two different sets of dynamic
forces. In the first set of analyses, which are presented on Pages 32 to 45, the dynamic
loads are determined as the-inertial forces applicable for the peak ground accelerations
from the design basis ground motion. Th& second set of analyses use the maximum
dynamic cask driving forces developed for use in the design of the pads in Calculation
05996.02-G(PO17)-2 (CEC, 1999), for the pad supporting 2 casks, 4 casks, and 8 casks.

BASED ON INERTIAL FORCES

This section presents the analysis of the allowable bearing capacity of the pad for
supporting the dynamic loads defined as the inertial forces applicable for the peak ground
accelerations from the design basis ground motion. The total vertical force includes the
static weight of the pad and eight fully loaded casks + the vertical inertial forces due to the
earthquake. The vertical inertial force is calculated as av x [weight of the pad + cask dead
loads], multiplied by the appropriate factor (+40% or +100%) for the load case. In these
analyses, the minus sign for the percent loading in the vertical direction signifies uplift
forces, which tend to unload the pad. Similarly, the horizontal inertial forces are
calculated as ay x [weight of the pad + cask dead loads], multiplied by the appropriate
factor (40% or 100%) for the load case. The horizontal inertial force from the casks was
confirmed to be less than the maximum force that can be transmitted from the cask to the
pad through friction for each of these load cases. This friction force was calculated based
on the upper-bound value of the coefficient of friction between the casks and the storage
pad considered in the HI-STORM cask stability analysis (4 = 0.8, as shown in SAR Section
8.2.1.2, Accident Analysis) x the normal force acting between the casks and the pad.

The lower-bound friction case (discussed in SAR Section 4.2.3.5.1B), wherein p between
the steel bottom of the cask and the top of the concrete storage pad = 0.2, results in lower
horizontal forces being applied at the top of the pad. This decreases the inclination of the
load applied to the pad, which results in increased bearing capacity. Therefore, the
dynamic bearing capacity analyses are not performed for p = 0.2.

Table 2.6-7 presents the results of the bearing capacity analyses for the following cases,
which include static loads plus inertial forces due to the earthquake. Because the in situ
fine-grained soils are not expected to fully drain during the rapid cycling of load during the
earthquake, these cases are analyzed using the undrained strength that was measured in
unconsolidated-undrained triaxial tests (¢ = 0° and ¢ = 2.2 ksf).
. Case II 100% N-S direction, 0% Vertical direction, 100% E-W direction.
Case IlIA  40% N-S direction, -100% Vertical direction, 40% E-W direction.
Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.
Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.
Case IVA  40% N-S direction, 100% Vertical direction, 40% E-W direction.
Case IVB  40% N-S direction, 40% Vertical direction, 100% E-W direction.
Case IVC 100% N-S direction, 40% Vertical direction, 40% E-W direction
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Case II; 100% N-S, 0% Vertical, 100% E-W

Determine forces and moments due to earthqualce.

-

We Wp
F.=2,852K + 864 K = 3,716 K and EQ. = O for this case.
aH HTpad B L Yeone
EQupaa = 0.528x 3'x 30'x64’x0.15 kef =456 K

aH Wc u Nc
EQhc = Minimum of [0.528 x 2,852 K& 0.8 x 2,852 K] = EQhc=1,506 K
1,506 K 2,282K

Note, Nc = We in this case, since av = 0.
EQhp EQhc
EQuns =456 K+ 1,606 K= 1,962 K
The horizontal components are the same for this case; therefore, EQuew = EQun-s

Combine these horizontal components to calculate Fy:

= F, =yEQ%e-w +EQ%ins = 19622 +1962% = 2,775K

Determine moments acting on pad due to casks.
See Figure 6 for identification of Ab.

_ 9.83'xEQhc _ 9.83'x1,506 K

Ab =
Wce + EQve 2,852K+0

=5.19ft

an Wp EQhc Ab Wce EQvc
TMens = 1.5'x0.528x864K+3 x1,506K+5.19x(2,852K + 0)

= 684 ft-K + 4,518 ft-K + 14,804 ft-K = 20,006 ft-K
The horizontal forces are the same N-S and E-W for this case; therefore,

IMeew = XZMens = 20,006 ft-K

Determine Qatowaste for FS = 1.1.
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Allowable Bearing Capacity of Cask Storage Pads Inertial Forces

PSHA 2,000-Yr Earthquake: Casell 100 % in X, 0%inY, 100%inZ
Soil Properties: ) c= 2,200 Cohesion (psf)
o= 0.0 Frictiop Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B'= 19.2 Footing Width - ft (E-W) L'=53.2 Length - ft (N-S)
Dy= 2.7 Depth of Footing (ft)
B= 27.8 Angle of load inclination from vertical (degrees)
- FS= 1.1 Factor of Safety required for qayewatte-
Fy= 3,716 k EQy = 0k
EQuew= 1,962k & EQuns= 1,962k — 2,775 kfor Fy

General Bearing Capacity Equation,

Aun = € Ne 8¢ do fo + Youren Dy No Sq da fq +1/2YB Ny s, dy based on Winterkorn & Fang (1975)

Ne = (Ng - 1) cot(¢), but=514for¢=0 = 5.14 Eq 3.6 & Table 3.2
Ng = e"™™ tan’(4 + ¢/2) = 1.00 Eq3.6
N, = 2 (Ng+ 1) tan ($) = 0.00 Eg 3.8
e = 1+ (B/LY(NGN,) : = 107 Table 3.2
sq= 1+ (BL)tano - 1.00 "
s,=1-0.4 (B/L) =  0.86 "
ForDyB<1: dg=1+2tan¢ (1-sin¢)’DyB = 1.00 Eq3.26
d, =1 = 1.00 "
For ¢ > 0: d, = dg - (1-dg) / (N tan ¢) = NA
For$=0:d.= 1+ 0.4 (DyB) = 1.06 Eq3.27
mg= (2 +B/L)/ (1 +BL) = 168 Eq3.18a
my= (2 +UB)/ (1 +L/B) = 132 Eq3.18b
If EQyun.s > 0: 0, = tan™ (EQu e.w/ EQun.s) = 079 rad
My = M, cos°9, + Mg sin’6, = 150 Eq 3.18¢c
ig={1-Fu/[(F,+EQ) +B' L'ccotg] )™ =  1.00 Eq3.14a
iy={1-Fy4/[(F, +EQ,) + B’ L' ccotd] ™ = 0.00 Eq3.17a
For$=0:i.=1-(mMFL/B L'cN) = 0.64 Eq3.16a
N, term Ng term N, term
Gross gy = 8,459 psf= 8,188 + 271 + 0
. Qan= 7,690 psf=qu/FS
Qactual = 3,630 psf = (FY +EQ)/(B’xLY)
FSactual = 2.33 = qun/ Qactual > 1.1 Hence OK

{geot]jo5986\calc\brng_cap\Padicu_phi.xis




STONE & WEBSTER ENGINEERING CORPORATION

5010.66 CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. | OPTIONAL TASK CODE PAGE 34
05996.02 G(B) 04-6
DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES
Case IIA: 40% N-S, -100% Vertical, 40% E-W
Determine forces and moments due to earthquake.
av Wp We -
EQv=-100% x 0.533 x (864 K + 2,852 K) =-1,981 K
aH Wc
EQhp = 0.528 x 864 K = 456 K
Normal force at base of the cask = Cask DL= 2,852K
— CaskEQvc=-1.x0.533x2,852K=-1,520K =avxWc
= Nc= 1,332K
= Feg n=0.8 = 0.8x1,332K=1,066 K
aH Wc il Nc
EQhc = Minimum of {0.528 x 2,852 K & 0.8 x 1,332K]
1,506 K 1,066K
Note: Use only 40% of the horizontal earthquake forces in this case.
40% of 1,506 K = 602 K, which is < Feg,-0s8; therefore, EQhc =1,506 K
40% of [EQhp EQhc]
= EQuns=0.4x[456 K + 1,506 K] =785 K
Since horizontal components are the same for this case, EQuew = EQuns
= F, =yEQ%icw +EQ%uns = V7852 +785% = 1,110K
Determine moments acting on pad due to casks.
See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K = 1,520 K
ab, , = 9.83'xEQhc _ 9.83'x0.4x1,506 K — 445 ft
Wc+EQve 2,852K-1.x0.533x2,852K
40% au Wp 40% EQhc Ab We EQvc

ZMen-s

The horizontal forces are the same N-S and E-W for this case; therefore,

*Meew = XMens = 8,008 ft-K

Determine Qatowante for FS = 1.1.

1.5'x0.4x0.528x 864 K+0.4x3 x 1,506 K + 4.45" x (2,852K - 1,520 K)
= 274 ft-K + 1,807 ft-K + 5,927 ft-K = 8,008 ft-K
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES

Allowable Bearing Capacity of Cask Storage Pads Inertial Forces

PSHA 2,000-Yr Earthquake: CaseIIIA 40 % in X, -100 %inY, 40 % inZ
Soil Properties: ] c= 2,200 Cohesion (psf)
o= 0.0 Frictiop Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B'= 20.8 Footing Width - it (E-W) L'=54.8 Length - ft (N-S)
D= 2.7 Depth of Footing (ft)
B= 24.3 Angle of load inclination from vertical (degrees)
- FS= 1.1 Factor of Safety required for Qayowatie:
Fy= 3716 k EQy = -1,981 k
EQH EW = 785k & EQH N-§ = 785 k — 1,110 k for FH

General Bearing Capacity Equation,

Qute = © No e de o + Youren Dy Ng Sq dg lg + 1/2YB Ny s,y iy based on Winterkorn & Fang (1975)

Ne = (Ng- 1) cot(e), but=5.14for =0 = 5.14 Eq 3.6 & Table 3.2
Ng= e tan?(/4 + ¢/2) =  1.00 Eq3.6
N,= 2 (Ng+ 1) tan (¢) = 0.00 Eq 3.8
se = 1+ (B/L)(Ng/Nc) . = 1.07 Table 3.2
sq=1+(BL)tan¢ = 1.00 "
s,=1-0.4 (B/L) = 0.85 !
ForD/B<1: dy=1+2tan¢ (1-sin¢)* DB = 1.00 Eq 3.26
d,= 1 = 1.00 "
For ¢ > 0: d. = dg - (1-dg) / (N tan ¢) = N/A
For $ =0: d, = 1+ 0.4 (D/B) = 105 Eq 3.27
mg= (2+B/L)/(1+BNL) = 1.68 Eqg 3.18a
my= (2 +LB)/ (1 +L/B) = 1.32 Eq 3.18b
If EQuus > 0: 6, = tan (EQuew/ EQun.s) = 079 rad
m, = My cos’0, + mg sin’8, = 150 Eq3.18¢
ig={1-Fu/[(F,+EQ)+B' L'ccote]}" = 1.00 Eq3.14a
iy={1-Fyq/[(F, + EQ)+B' L ccot¢] ™ = 0.00 Eq3.17a
Foro=0:i,=1-(MmFy/B' L' cN) = 0.87 Eg3.16a
N¢ term Ng term N, term
Gross qu = 11,394 psf= 11,123 + 271 + 0
_ Qan= 10,350 psf=qu/FS
Gewar= 1,525  psf=(F, +EQ)/(B'xL’)
FSactua = 7.47 = qur/ Qacral > 1.1 Hence OK

[geot}j05996\calc\brng_cap\Padicu_phi.xls
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES

Case OIB: 40% N-S, -40% Vertical, 100% E-W

Determine forces and moments due to earthquake.
. av  Wp  We .
EQu = -40% x 0.533 x (864 K + 2,852 K) = -792 K
Normal force at base of the cask = Cask DL= 2,852 K
— 40% of Cask EQve = -0.4x0.533x 2,852 K= -608K =40% ofavxWc

. N = Nc= 2,244 K
= FEg p=0.8 = 0.8x 2,224 K= 1,795 K

an We u Nc
EQhc = Min of [0.528 x 2,852 K & 0.8 x 2,244 K] = EQhc = 1,506 K, since it is < Fggu-0.8
1,506 K 1,795K
Using 40% of N-S: 40% of [EQhp EQhc]

= EQuns=0.4x[456K + 1,506 K] = 785K

Using 100% of E-W: 100% of [EQhp EQhc]
= EQuew=1.0x[456K+ 1,506 K]=1,962K

= F, =yEQ%uew +EQ%uns = y1962% +785% = 2,113K

Determine moments acting on pad due to casks.

See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K=1,520K

Ab, ., = 9.83'xEQhc _ 9.83'x1.0x1,506 K = 6.60 ft
Wc+EQve 2,852K-0.4x0.533x2,852K
_ 100% an Wp 100% EQhc Ab Wc 40% EQvc
SMens = 1.5'x0.528x864K+3'x 1,506 K + 6.60' x (2,852K - 0.4 x 1,520 K)
= 684 ft-K + 4,518 ft-K + 14,810 ft-K = 20,012 ft-K
* 0 L
Ab, = 9.83'x40% EQhc = 9.83'x0.4x1,506 K —2.64 ft
~ Wc+EQvce 2,852K-0.4x0.533x2,852K
40% aun Wp 40% EQhc Ab We 40% EQvc

TMerw = 1.5'x 0.4x0.528 x 864 K + 3' x 0.4x1,506 K + 2.64' x (2,852K - 0.4x1,520 K}

= 274 ft-K + 1,807 ft-K + 5,924 ft-K = 8,005 ft-K

Determine Qatiowabte for FS = 1.1.
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES

Allowable Bearing Capacity of Cask Storage Pads Inertial Forces

PSHA 2,000-Yr Earthquake: CaselIllB 40 %inX, -40%inY, 100%inZ
Soil Properties: ) c= 2,200 Cohesion (psf)
' o= 0.0 Friction Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B = 16.3 Footing Width - ft (E-W) L'=585 Length - ft (N-S)
D= 2.7 Depth of Footing (ft)
B= 33.9 Angle of load inclination from vertical (degrees)
-FS= 1.1 Factor of Safety required for Qauowabie-
Fy= 3,716 k EQy = 792 k
EQH EW = 1,962 k & EQH N-8 = 785 k — 2,113 k for FH

General Bearing Capacity Equation,

qu = © Ne S de e + Yourcn Dt Nq Sq dq fq + 12YB N, s, d, iy based on Winterkorn & Fang (1975)

Ng= (Ng- 1) cot(¢), but=5.14for$p=0 = 5.14 Eq 3.6 & Table 3.2
Ng = e"™" tan’(/4 + ¢/2) = 100 Eq 3.6
Ny= 2 (Ng+ 1) tan (¢) = 0.00 Eq3.8
Se = 1+ (B/L)(Ng/N,) ) = 1.05 Table 3.2
sq=1+(B/ML)tan¢ = 1.00 "
sy=1-0.4(5/1) = 0.89 "
ForDyB<1: dy=1+2tan¢ (1-sin¢)° DyB =  1.00 Eq3.26
dy=1 : = 100 "
For ¢ > 0: d = dq - (1-dg) / (N tan ¢) = NA
For ¢ = 0: d, = 1 + 0.4 (Dy/B) = 107 Eq3.27
mg= (2 +B/L)/ (1 +B/L) = 1.68 Eq 3.18a
m, = (2+LUB)/(1+UB) = 1.32 Eq 3.18b
If EQy n.s > 0: 6, = tan™ (EQu e.w/ EQun.s) = 119 rad
m, = m, cos29, + mg sin6, = 1.63 Eq3.18¢c
iq={1-Fy/[(F,+EQ)+B L'ccot$]}" =  1.00 Eq3.14a
i,={1-Fq/[(F,+EQ)+B L'ccot$] ™ = 0.0 Eq3.17a
Foro=0:ig=1-(MmFy/B'L'cN) = 0.68 Eq 3.16a
N. term N, term N, term
Gross q,;= 8,926 psf= 8,655 + 271 + 0
G = 8,110 psf=qy./FS
Qactual = 3,062 psf.= (FY +EQ)/(B’x L")
FSactual = 2.92 = Qun / Factuar > 1.1 Hence OK

{geot}jo5996\calc\brng_cap\Pad\cu_phi.xis
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Case IIIC: 100% N-S, -40% Vertical, 40% E-W

Determine forces and moments due to earthquake.

av Wp ) Wc N
EQv=-40% x 0.533x (864 K+ 2,852 K} =-792 K
Normal force at base of the cask = CaskDL= 2,852 K

— 40% of Cask EQve =-0.4x0.533x2,852 K= -608K =40%ofavxWc

= Nc= 2,244K
= Feguos=0.8x2,224K=1795K

an Wc 1] Nc
EQhc = Min of [0.528 x 2,852 K & 0.8 x 2,244 K] = EQhc = 1,506 K, since it is < Fgg =08
1,506 K 1,795K

Using 100% of N-S:
100% of [EQhp EQhc]
= EQuns=1.0x[456K + 1,506 K] =1,962 K
Using 40% of E-W:
40% of [EQhp EQhc]
= EQuew=0.4x[456 K+ 1,506 K] = 785 K

= F, =yEQ%mcw +EQ%ins = 7852 +1962% = 2,113K

Determine moments acting on pad due to casks

See Figure 6 for identification of Ab. Note: EQvc = 0.533x 2,852 K= 1,520K
_ 9.83'x40%EQhc _ 9.83'x0.4x1,506 K

Abgw Wc+EQve  2,852K-0.4x0.533x2,852K 2641t
40% an Wp 40% EQhc Ab We 40% EQve
SMens = 1.5'x 0.4x0.528 x 864 K + 3' x 0.4x1,506 K + 2.64' x (2,852K - 0.4x1,520 K)
= 274 ft-K  + 1,807 ft-K + 5,024 ft-K = 8,005 ft-K
Bby.s = 9\;\?:’ +X§QQ\ZC - 2,852?{.8—3(;41 x(())x5135?? f 5852K =6.601t
100% an Wp 100% EQhc Ab We 40% EQvc
IMesw = 1.5'x0.528 x 864 K + 3' x 1,506 K + 6.60" x (2,852K - 0.4 x 1,520 K)
= 684 ft-K  + 4,518 ft-K + 14,810 ft-K = 20,012 ft-K

Determine Gaitowaste for FS = 1.1.
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Allowable Bearing Capacity of Cask Storage Pads Inertial Forces
PSHA 2,000-Yr Earthquake: CaseIIIC 100 %inX, -40%inY, 40 % inZ
Soil Properties: c= 2,200 Cohesion (psf)
. o= 0.0 Friction Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B = 24.5 Footing Width - ft (E-W) L’ = 50.3 Length - ft (N-S)
Dy = 2.7 Depth of Footing (ft)
B= 15.0 Angle of load inclination from vertical (degrees)
- FS= 1.1 Factor of Safety required for Qayowable-
Fy= 3,716 kK EQy = -792 k
EQH E-W= 785k & EOH N-§ = 1,962 k.- — 2,113 k for FH

General Bearing Capacity Equation,

Gu = € No Sc de fe + Youren Dy No Sq dg i +1/27B Ny s, dyy based on Winterkorn & Fang (1975)

N = (Ng- 1) cot(¢), but=5.14for$ =0 = 5.14 Eq 3.6 & Table 3.2
Ng = €% tan(w/4 + ¢/2) = 1.00 Eq3.6
Ny=2(Nqg+ 1) tan () = 0.00 Eq3.8
se= 1+ (B/L)YN¢/No) . = 1.09 Table 3.2
sq=1+(B/l)tan¢ = 1.00 "
s,=1-0.4 (B/) = 0.81 *
ForDyB<1: dg=1+2tan¢ (1-sin¢)’Dy/B = 1.00 Eq3.26
d,=1 = 1.00 "
For ¢ > 0:d. = d, - (1-dg) / (Nq tan ¢) = N/A
For$=0:d. = 1+ 0.4 (Dy/B) = 1.04 Eq 3.27
mg=(2+B/L)Y/(1+B/L) = 1.68 Eq 3.18a
my = (2 +L/B)/ (1 + UB) = 132 Eq3.18b
If EQyp.s > 0: 0, = tan " (EQy e/ EQunes) = 038 rad
m,, = my,_ cos?0, + mg sin’6, = 137 Eq3.18¢c
iq={1-Fu/[(F, +EQ)+B' L'ccot$]}" = 1.00 Eq3.14a
iy={1-Fy/[(F,+EQ)+B L'ccoty] ™ =  0.00 Eq3.17a
For¢=0:ic=1-(MFy/B L' cNy) = 079 Eq3.16a
N. term N, term N, term
Gross q = 10,518 psf= 10,247 + 271 + 0
. Qu= 9,560 - psf=q,/FS
Qactual = 2,369 psf=(F,+EQ,)/ (B’ x L)
FSaucwa= 444 =qu/ decua > 1.1 Hence OK

{geot]j05996\calc\brng_cap\Pad\cu_phi.xls
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES

Case IVA: 40% N-S, 100% Vertical, 40% E-W

Determine forces and moments due to earthquale.
av Wp We -
EQv = 100% x 0.533 x {864 K + 2,852 K) = 1,981 K

aH We
EQhp = 0.528 x 864 K=456 K
Normal force at base of the cask = Cask DL= 2,862 K

+ Cask EQve=1.x0533x2,852K=+1,520K =avxWc
= Nc= 3,498K

= Frg,08=0.8x4,372K=3,498K

an We i Nc
EQhc = Min of [0.528 x 2,852 K & 0.8 x 4,372 K] = EQhc = 1,506 K, since it is < Feg-0.8
1,506 K 3,498K

40% of [EQhp EQhc]
= EQuns=04x[456K + 1,506 K] = 785 K

Since horizontal components are the same for this case, EQuew = EQun-s

= Fy =\E92m-:-w +EQ%uns = \[7852 +7852

1,110K

Determine moments acting on pad due to casks.

See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K =1,520 K

I

9.83'xEQhc 9.83'x0.4%x1,606 K
Abg o = = =1.35 ft
We+EQve 2,852K+1.x0.533x2,852K
40% au Wp 40% EQhc Ab We EQvc
SMans = 1.5x0.4x0.528x864K+0.4x3 x1,506K+ 1.35%(2,852K + 1,520 K)
= 274 ft-K + 1,807 ft-K + 5,921 ft-K = 8,002 ft-K
The horizontal forces are the same N-S and E-W for this case; therefore,
ZM@E-W = ZM@N-s = 8.002 ﬁ.-K

Determine Qatiowante for FS = 1.1.
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Allowable Bearing Capacity of Cask Storage Pads Inertial Forces
PSHA 2,000-Yr Earthquake: CaselIVA 40 % in X, 100%inY, 40 %in2
Soil Properties: ) c= 2,200 Cohesion (psf)
¢ = 0.0 Frictiog Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Propetties: B' = 27.2 Footing Width - ft (E-W) L'=61.2 Length - ft (N-S)
: Dy = 2.7 Depth of Footing {(ft)
B= 7.8 Angle of load inclination from vertical (degrees)
"FS= 1.1 Factor of Safety required for Qauowable-
Fy= 3,716 k EQy = 1,981 k
EQuew = 785k & EQuuns= 785k — 1,110 kforFy

General Bearing Capacity Equation,

Gun = © Ne S¢ de o + Yourcn Dy Nq Sq dg i + /27BN, s, dy iy based on Winterkorn & Fang (1975)

N. = (Ng- 1) cot(¢), but=5.14for$p =0 = 5.14 Eq 3.6 & Table 3.2
Ng= "™ tan®(/4 + ¢/2) =  1.00 Eq3.6
Ny=2(Ng + 1) tan (¢) =  0.00 Eq3.8
sc= 1+ (B/L)(Ng/Nc) - = 1.09 Table 3.2
sq=1+([BL)tan¢ = 1.00 .
s,=1-0.4 (B/L) = 0.82 "
ForDyB <1: dg=1+2tan¢ (1-sin¢)* DyB = 1.00 Eq3.26
d,= 1 = 1.00 "
For ¢ > 0: d. = dg - (1-dg) / (Nq tan ¢) = N/A
For¢=0:d. = 1+ 0.4 (D¢B) = 1.04 Eq3.27
mg = (2 + B/L)/ (1 + B/L) = 1.68 Eq3.18a
m_= (2 +L/B)/(1+LB) = 132 Eq3.18b
If EQun.s > 0: 8, = tan (EQu e.w/ EQyn.s) = 079 rad
m, = m cos8, + mg sin’6, = 150 Eq3.18¢c
iq={1-Fu/[(F, +EQ)+B Lcocote]}]" = 1.00 Eq3.14a
i,={1-F4/[(F,+EQ)+B L'ccotd] ™ =  0.00 Eq3.17a
For¢=0:i.=1-(MFy/B' L' cN) = 0.91 Eq 3.16a
N, term Ng term N,term
Gross quu= 11,915 psf= 11,645 + 27 + 0
. Qau = 10,830 psf=qu/FS
actual = 3,424 psf=(F,+ EQ,)/(B’x L)
FSactwa = 3.48 = Ayt / Yactoal > 1.1 Hence OK

[geot]j05996\caic\brng_cap\Pad\cu_phi.xls
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES

Case IVB: 40% N-S, 40% Vertical, 100% E-W

Determine forces and moments due to earthquake.

av Wp We .
EQv=0.4x0.533x (864 K+ 2,852K)=792K

Normal force at base of the cask = Cask DL = 2,852 K

+ 40% of Cask EQve = +0.4 x 0.533x 2,852 K= +608K =40% ofavx Wc
] = Nc= 3,460K
= Fegu-08=0.8x3,460K=2,768K

aH Wc il Nc
EQhc = Min of [0.528 x 2,852 K & 0.8 x 3,460 K] = EQhc = 1,506 K, since it is < Feg =08
1,506 K 2,768K

Using 40% of N-S:
40% of [EQhp EQhc]
= EQuns=0.4x [456 K + 1,506 K] = 785 K
Using 100% of E-W:
100% of [EQhp EQhc]
= EQuew=1.0x[456 K+ 1,506 K] =1,962 K

= F, =yEQ®uew +EQ%uns = 410962 +785% = 2,113K

Determine moments acting on pad due to casks
See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K = 1,520 K
Ab _ 9.83'xEQhc _ 9.83'x1.0x1,506 K

E-W = =4.28 ft
Wc+EQve 2,852K+0.4x0.533x2,852K
100% an  Wp 100% EQhc Ab We 40% EQvc
IMens = 1.5°x0.528x864 K+ 3 x1,506K +4.28 x(2,852K + 0.4 x 1,520 K)
= 684 ft-K + 4,518 ft-K + 14,810 ft-K = 20,012 ft-K
- 9.83'x40% EQhc 9.83'x0.4x1,506 K
AbN_s = = =1.71ft
Wce+EQvc 2,852K +0.4x0.533x2,852K
40% an Wp 40% EQhce Ab We 40% EQvc

SMoew = 1.5' x 0.4x0.528 x 864 K + 3 x 0.4x1,506 K + 1.71’ x (2,852K + 0.4x1,520 K)
= 274 ft-K + 1,807 ft-K + 5,917 ft-K = 7,998 ft-K '

Determine qatowante for FS = 1.1.
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Allowable Bearing Capacity of Cask Storage Pads Inertial Forces
PSHA 2,000-Yr Earthquake: CaseIVB 40%inX, 40%in¥Y, 100 %inZ
Soil Properties: c= 2,200 Cohesion {psf)
b= 0.0 Friction Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B'= 21.1 Footing Width - ft (E-W) L'=60.5 Length - ft (N-S)
D¢ = 2.7 Depth of Footing (ft)
B= 23.5 Angle of load inclination from vertical (degrees)
- FS= 1.1 Factor of Safety required for Gaiowable-
Fy= 3,716 k EQy= 792 k
EQH EW = 1,962 k & EQH N-§ & 785 k — 2,113 k for FH

General Bearing Capacity Equation,

Gun = € Ne Sc de e + Youren Dy Ng Sq dq i +1/2YB Ny s, dy iy based on Winterkorn & Fang (1975)

No= (Ng- 1) cot(¢), but=5.14for$ =0 = 5.14 Eq 3.6 & Tahle 3.2
Ny =" " tan®(/4 + /2) = 1.00 Eq3.6
N,= 2 (Ng+ 1) tan (¢) = 0.00 Eq 3.8
se= 1+ (B/L)(Ng/N;) . = 1.07 Table 3.2
Sq= 1+ (B/L)tand = 1.00 "
s,= i-0.4(BL) = 0.86 !
ForD/B<1: dy=1+2tan¢ (1-sin¢)° DB =  1.00 Eq3.26
d,= 1 = 1.00 "
For ¢ > 0: d. = dg - (1-dg) / (Nq tan ¢) = NA
For¢=0:d.= 1+ 0.4 (D/B) = 1.05 Eq3.27
mg = (2 + B/L)/ (1 + B/L) = 168 Eq3.18a
m.=(2+LB)/(1+LUB) = 1.32 Eq3.18b
If EQups > 0: 6, = tan (EQuew/ EQunes) = 119 rad
m, = my cos’0, + mg sin’e, = 163 Eq3.18¢c
iq={1-Fu/[(F,+EQ)+B' L'ccot¢]} =  1.00 Eq3.14a
iy={1-Fu/[(F,+EQ)+B L' ccot¢] 1™ =  0.00 Eq3.17a
For¢=0:ic=1-(mFy/B L'cN,) = 076 Eq3.16a
N term Nq term N, term
Gross gy = 9,937 psf= 9,666 + 271 + 0
. Yan = 9,030 psf=qu/FS
Qactual = 3,530 pst= (FY +EQ))/(B'xL)
FSactuat = 2.81 = Ayt / Qactual > 1.1 Hence OK

[geot}j05996\calc\brng_cap\Pad\cu_phi.xis




STONE & WEBSTER ENGINEERING CORPORATION

5010.65 CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. | OPTIONAL TASK CODE PAGE 44
05996.02 G(B) 04-6

DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON INERTIAL FORCES

Case IVC: 100% N-S, 40% Vertical, 40% E-W

Determine forces and moments due to earthquake.

av Wp Wc -
EQv=0.4x0.533x (864 K+ 2,852K)=792K
Normal force at base of the cask = Cask DL = 2,852 K

+ 40% of Cask EQve =-0.4x0.533x2,852K= +608K =40% ofavxWc

- . = Nc= 3460K
= FEQ u=0.8 = 0.8x 3,460 K= 2,768 K

ay Wc M Nc
EQhc = Min of [0.528 x 2,852 K & 0.8 x 3,460 K] = EQhc = 1,506 K, since it is < Feg-0s
1,506 K 2,768 K

Using 100% of N-S:

100% of [EQhp  EQhc]
= EQuns=10x[456 K+ 1,506 K]=1,962 K

Using 40% of E-W:
40% of [EQhp EQhc}
= EQuew=0.4x[456 K+ 1,506 K] = 785 K

= F, =yEQ%ucw +EQ%uns = 7852 +1962% = 2,113K

Determine moments acting on pad due to casks

See Figure 6 for identification of Ab. Note: EQvc =0.533x2,852K=1,520K

9.83'x40% EQhc 9.83'x0.4x1,506 K
Ab, o = = =1.711t
Wc + EQve 2,852K+0.4x0.533%x2,852K
40% an  Wp 40% EQhc Ab We 40% EQvc
*Mens = 1.5 x 0.4x0.528 x 864 K + 3’ x 0.4x1,506 K + 1.71" x (2,852K + 0.4x1,520 K)
= 274 ft-K + 1,807 ft-K + 5,917 ft-K = 7,998 ft-K
ab, = 9.83'xEQhe _ 9.83'x1.0x1,506K - — 498 ft
Wc+EQve 2,852K+0.4x0.533x2,852K
100% an  Wp 100% EQhc Ab We 40% EQvc
SMeew = 1.5'x0.528x864 K+ 3 x1,506K +4.28 x (2,852K + 0.4 x 1,520 K)
= 684 ft-K + 4,518 t-K + 14,808 ft-K = 20,010 ft-K

Determine Qattowavte for FS = 1.1.
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Allowable Bearing Capacity of Cask Storage Pads Inertial Forces
PSHA 2,000-Yr Earthquake: CaseIVC 100 %inX, 40%inY, 40 % inZ
Soil Properties: c= 2,200 Cohesion (psf)
' ‘ o= 0.0 Friction Angle (degrees)
1= 80 Unit weight of sail (pcf)
Ysureh = 100 Unit weight of surcharge (pcf)
Foundation Properties: B = 26.5 Footing Width - ft (E-W) L' = 55.1 Length - ft (N-S)
D= 2.7 Depth of Footing (ft)
= 9.9 Angle of load inclination from vertical {degrees)
- FS= 1.1 Factor of Safety required for Qayowatie-
Fy= 3,716 k EQy = 792 k
EQuew= 785k & EQuns= 1,962k — 2,113 kfor Fy

Quit = € N¢ S¢ de ie + Youren Di Ng Sqdgig +1/2YB N,s,d, i,

General Bearing Capacity Equation,

based on Winterkorn & Fang (1975)

Ne= (Ng- 1) cot(), but=5.14for$ =0 = 5.14 Eq 3.6 & Table 3.2

Ng= """ tan(w/4 + ¢/2) = 1.00 Eq3.6
Ny= 2 (Ng+ 1) tan (¢) = 0.00 Eq3.8

sc= 1+ (B/L)(NgN,) : = 1.09 Table 3.2

sq= 1+ (B/L)tan¢ = 1.00 o

s,= 1-0.4(B/L) = 0.8t "

ForDyB<1: dy=1+2tan¢ (1-sin¢)’Dy/B = 1.00 Eq3.26
d,=1 = 1.00 "
For ¢ > 0: d. = dq - (1-dg) / (Ng tan ¢) = NA
For ¢ =0:d. = 1+ 0.4 (D/B) = 104 Eq 3.27
mg = (2 + B/L)/ (1 +B/L) = 168 Eq3.18a
m_= (2+LB)/ (1 +L/B) = 132 Eq 3.18b
if EQpn.s > 0: 8, = tan (EQy e/ EQpnes) = 038 rad

m,=mg c0529n + Mg sinzen = 1.37 Eq3.18¢c
iq= {1-Fu/[(F,+EQ)+B'L'ccote] " =  1.00 Eq3.14a
i,={1-Fu/[(F,+EQ)+B L'ccotg] ™ =  0.00 Eq3.17a
Foro=0:ie=1-(MFu/B L cN) = 0.82 Eq3.16a
N. term N, term N, term

Gross gy = 10,882 psf= 10,612 + 271 + 0

. Q= 9,800 pst=qu/FS
Qacwar = 3,002 psf=(F,+EQ)/(B'xL)
FSactual = 3.52 = Gui / Gactuat > 1.1 Hence OK

fgeot]j05996\calc\brng_cap\Pad\cu_phi.xis
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As indicated in Table 2.6-7, the gross allowable bearing pressure for the cask storage pads
to obtain a factor of safety of 1.1 against a shear failure from static loads plus the inertial
loads due to the design basis ground motion exceeds 7.7 ksf for all loading cases identified
above. The minimum allowable value was ohtained for Load Case II, wherein 100% of the
earthquake loads act in the N-S and E-W directions and 0% acts in the vertical direction.
The actual factor of safety for this condition was 2.3, which is greater than the criterion for
dynamic bearing capacity (FS 2 1.1}.

BASED ON MAXIMUM CASK DYNAMIC FORCES FROM THE SSI ANALYSIS

The following pages determine the allowable bearing capacity for the cask storage pads
with respect to the maximum dynamic cask driving forces developed for use in the design
of the pads in Calculation 05996.02-G(PO17)-2 (CEC, 1999) for the pad supporting 2
casks, 4 casks, and 8 casks. These dynamic forces represent the maximum force
occurring at any time during the earthquake at each node in the model used to represent
the cask storage pads. It is expected that these maximum forces will not occur at the
same time for every node. These forces, therefore, represent an upper bound of the
dynamic forces that could act at the base of the pad.

The coordinate system used in these analyses is the same as that used for the analyses
discussed above, which is shown in Figure 1. Note, this is different than the coordinate
system used in Calculation 05996.02-G(PO17)-2 (CEC, 1999), which is shown on Page
Bll. Therefore, in the following pages, the X direction is N-S, the Y direction is vertical,
and the Z direction is E-W.

These maximum dynamic cask driving forces were confirmed to be less than the maximum
force that can be transmitted from the cask to the pad through friction acting at the base
of the cask for each of these load cases. This friction force was calculated based on the
upper-bound value of the coefficient of friction between the casks and the storage pad (u =
0.8, as shown in SAR Section 8.2.1.2) x the normal force acting between the casks and the
pad. These maximum dynamic cask driving forces can be transmitted to the pad through
friction only when the inertial vertical forces act downward; therefore, these analyses are
performed only for Load Case IV. The analyses conservatively assume that 100% of the
horizontal forces act in the E-W and vertical directions at the same time. The width (30 ft)
is less in the E-W direction than the length N-S (64 ft); therefore, the E-W direction is the
critical direction with respect to a bearing capacity failure.
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ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 2 CASKS
PSHA 2,000-Yr Earthquake: CaseIV 100 % inX, 100%inY, 100 %inZ
Soil Properties: c= 2,200 Cohesion (psf)
b= 0.0 Frictions Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B = 22.1 Footing Width - ft (E-W) L'=225 Length - ft (N-S)
D= 2.7 Depth of Footing (ft)
B= 19.0 Angle of load inclination from vertical (degrees)
-FS =- 1.1 Factor of Safety required for Quowabie:
Fy= 2,647 k (Includes EQy)
EQiew= 909 k & EQuns= 768 k — 1,190 kfor Fy

Quit = © Ne S¢ de I + Ysuren Dt Ng Sq dqig +1/2yB Ny s, dyiy
Ne = (Ng- 1) cot(¢), but=5.14for$ =0 =
Ny = ™™™ tan®(/4 + ¢/2) =
Ny=2 (Ng+ 1) tan (¢) =

sc = 1+ (B/LYNg/N) . =
Sq=1+ (B/L) tan ¢ ’

s,=1-0.4 (B/L) =

ForDyB<1: dg=1+2tan¢ (1-sin¢)°DyB =

dy=1 =

For ¢ > 0:d, = dg - (1-dg) / (Nq tan ¢) =
For$=0:d.= 1+ 0.4 (DyB) =

mg=(2+B/L)/(1+BL) =
m_=(2+LB)/{1+LB) =

If EQuu.s > 0: 0, = tan™ (EQuew/ EQunas) =
m, = my cos’6, + Mg sine, =

iq={'1 -Fu/[(F,+EQ)+B L'ccoty] " =
i,={1-Fu/[(F,+EQ)+B L'ccote] ™' =
Foro=0:ic=1-(mFy/B' L cN) =

N, term
Gross qyy = 9,824 psf= 9,554 +
Qan = 8,930 pst=q./FS
Qactual = 5,323 psf=(F,+ EQ,})/ (B’ x L")
FSactva = 1.85 = Qui/ Jactuat

[geot]jo5996\calc\brng_cap\Pad\cu_phi.xls

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

5.14 Eq 3.6 & Table 3.2
1.00 Eq3.6
0.00 Eq3.8
1.19 Table 3.2
1.00 "
0.61 *
1.00 Eq 3.26
1.00 "
N/A
1.05 Eq3.27
1.68 ' Eq 3.18a
1.32 Eq3.18b
0.87 rad
1.53 Eq 3.18¢c
1.00 Eq 3.14a
0.00 Eq3.17a
0.68 Eq3.16a

N, term N, term
271 + 0

> 1.1 Hence OK
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON MAXIMUM CASK DYNAMIC FORCES FROM THE SSI ANALYSIS

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 4 CASKS

PSHA 2,000-Yr Earthquake: CaseIV 100 %inX, 100 %inY, 100 %inZ
Soil Properties: ) c= 2,200 Cohesion (psf)
- ¢ = 0.0 Friction Angle (degrees)
Y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Propetties: B = 24.0 Footing Width - ft (E-W) L'=36.2 Length - ft (N-S)
Dy = 2.7 Depth of Footing (ft)
B= 16.6 Angle of load inclination from vertical (degrees)
FS= 1.1 Factor of Safety required for Quiowabie-
Fy= 4,633 k (Includes EQy)
EQuew= 1,378 k & EQuns= 1,265 k — 1,871 kfor Fy

General Bearing Capacity Equation,

Gun= € Ne Sc de i + Yourcn Dr Nq Sq daiq + 1/2YB N, s, dy iy based on Winterkorn & Fang (1975)

Ne= (Ng-1) cot(¢), but=5.14for$=0 = 5.14 Eq 3.6 & Table 3.2
Ng = e""™" tan’(w/4 + ¢/2) = 1.00 Eq3.6
N, = 2 (Ng+ 1) tan (¢) = 0.00 Eq 3.8
se = 1+ (B/LYN/N,) ) = 1.13 Table 3.2
sq= 1+ (B/L)tan¢ = 1.00 "
s,=1-0.4 (BL) = 073 "
ForDyB<1: dy=1+2tan¢ (1-sin¢)°DyB =  1.00 Eq3.26
d,= 1 = 1.00 "
For ¢ > 0: d. = dg - (1-dg) / (Ng tan ¢) = N/A
For¢=0:d.=1+ 0.4 (DyB) = 1.05 Eq3.27
mg= (2 +B/L)/ (1 +BNL) ' = 1.68‘ Eq3.18a
my = (2 + UB)/ (1 +LUB) = 132 Eq3.18b
If EQyy.g > 0: 0, = tan (EQue.w/ EQun.s) = 083 rad
m, = m_cos’8, + mg sin’e, = 152 Eq3.18¢c
iq={1-Fu/[(F,+EQ)+B L'ccot¢]}* = 1.00 Eq3.14a
iy={1-Fu/[(F,+EQ)+B'L'ccote] ™ = 0.00 Eq3.17a
For¢=0:i.=1-(mFy/B'L'cNy) = 0.71 Eq 3.16a
N. term Ng term N, term
Gross gy = 9,773 psf= 9,503 o+ 271 + 0
_ Qan = 8,880 psf=qu/FS
Qactual = 5,320 psf=(F,+ EQ)/ (B’ x L’
FSactual = 1.84 = dui/ actual > 1.1 Hence OK

{geot}jo59986\calc\brng_cap\Pad\cu_phi.xls




STONE & WEBSTER ENGINEERING COCRPORATION

CALCULATION SHEET

A 5010.65
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0.NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE pacE ©3
65Q4(,. 02 G (B c4A-6
DNR BEARING, CAPAGTY OF PADL  B-CASK CAsg
— G4’
¥
/_\ s’
+ _ o
20! is’
AN M
w \L/ k_/ K_/ 15/
s s s s ] as [
PLAN
- § T, . 1855
l : g\*c: VI &
(@27 + ~+ + + = Cacase (pohor
l aQ.83%’ CALc 0‘9@\0\@ o\
! G(BY-05-0)
JANY 7 l,v:': 2 iLl 777




A 5010.65

STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

\

CALCULATION IDENTIFICATION NUMBER

J.0.OR W.0.NO.
054, 02

DIVISION & GROUP
&CBY

CALCULATION NO.
04&-0

OPTIONAL TASK CODE

PAGE ,_<i4;

DM BEARING CAPAGITV OF PAD

SovL REARING, PRESSURES From TTARLE 4

&- CASK. CASE

- 64!
g —-5’2_’ <y —SZ’ —_——p
—_— i £ J (%o>e4>
423 457 4.
(s’
4,59 %7 4,62
) B ‘ "l'z “
s
4,30 x&F LY RCY
A D G
(D)O> ([G"A-) © )
i 32/ 22/
43% 457 .
4 &1
ASA ,.E_____ .._F_.__.____ T
- 3T A
Z — .
480 — S5 )z LA2
/ /
A D G




STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 5010.65

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.0.NO. DIVISION & GROUP CALCULATIQN NO. |OPTIONAL TASK CODE PAGEé
&S840, 0%, AL’ o4-b

DUN BEARING CAPACAT oF PAD:T  &-cASx. CASE

Caceowsme B

Alortn AREA = k(FT B Cefer) 7 ave, (¥46Y
IRENEY .

AC \52_ (480 « 22454 « 423) = \»8.08 4 (0O

De \_};__ (Bas+2x317+457) = 12445 432

T e ( b2+ 2x 4.@2.4«-4m> = \S0.2%3 5.0\

22’ - -
S ( 138.08 « 2212345 £ 150,23 = B1SS &

ESTIMATE  LOCATION WHERE T, ACTS. R
TERERMINE EcCcewtRn c,\.‘r\( oF Ty  WKRT B, EGF-\,: =X
ALonGa  Liwe GJ) WHIcH  HAS TWE GREATEST STRESSES
(2 KAF ' ' & .
S0 iN‘& o AT RS, o5 wse
ARTT — T ST T T |

3
=N 1 v
X L e
R G?V .
@ S \Soksexs! = 1L2S Lot = 5! 5625
@ AL = 3d -~ \38&&p2 5 %20 = 3! . ong.eo
29
@ Loeoscist 2 038 15w 25 = 28] a3
R=< = \56.23 3 Ry =2 = 2144.63

21AA 63 k-FT/er :

- = l4.'?,6/ 20 x !
RN 50,23 Kfey €g_ = .2.-\4.2&- o2

v




STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 5010.65

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.O.NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGEib_
65R% 6, 02 &(B) o4 -6
TNNAMIE BEARING CAPALITY O0F PADT & CASK CASE
DETERMIWE ECCEnTRICUT™ & By wry L e = E?__ Y
\\
LSS AVERBLE VALLLES  AveNs ’L,nge A&J wolew AREV QREATER.
THAN  ALonGE BH § T, ot e
4Q0 _ ED:\_S_“S—/:'_‘_‘T.T’:@—__ foan
Loas
N 4 &3
- EXA —tH— = —
L™ 3 1. —e_
Ac = Fv
AR < A /EY T Mohgaor ARM FT MOMENT ‘S.‘;
A
o (025 KsF)x 32' = 4.0 3 <32 = a3 25272
) 4loxsEx 32 T \S,80 Lede = G 2508,%0
t
@’%("“7—'53‘53)&%*52 = 552 Tt S 333 321.6%
@ SisweE ¢ 32 = 16420 '+ £12': 48,00 7410, 4
. - K-€7
Rr= 34\ 12 K/FT Q\S— \L)%”Jz .'Z‘;
. (1,3%2.2 K-Fi/er |
F et ‘3 = R\j = < 3%\224’
= DA Sy
v ’ @4-’ '
eLF\, = 4 - S = 3B~ — = .22’




STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET

A 5010.65

PAGE ©1

w
(]
3
i 25 | 2% _
S ! ! . _
- (5] I
m A a ~
m - 19T
=|° s : v.u»J
W ) - .&N«/ |Y lll\..M\‘N._ﬂ I
z|¢ ) A3
S EN )
=5 I
= | < s
=120 4 N ¥4 YD %08 o
| a4 o !
m 3 |20 = 35 .wb A2LNAD
(@]
K My do NOUYINIY 30 Amed
215
o Q
J|&
Sle”
mw Ky _ 3 >
w
2 ASY) riawo) ASYD-FE 29
SINOY DRI Q IR DAL, WoRd SISBTALG
mz AYOUREN 0L BAQ NOYRA DIV AN A
X NOWUYDO) ~ 9N, YA 30 BN NYd
T
S &
=0




STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 5010.65
2 CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK coDE| pacE ©8
o5446. 02 G(RY 04~ 6
DGO BeARING CAPAQ OF PAD: &-CASK CAL
L-—'l.%'—a-'[ L—’IS'—»
(! nwst
: i
Q' . |IF,= 1855w
-+ e T CermeER. OF GRAVLTY |
. _ i
; FV»Q'TS‘;K q:&g, - \L$u ( C4 CALC
’ ey l, &sq4c, ol-é\(B\-O‘S o)
Y M s
AT / i M — AR~ 7,
3 Vo Fy S5 as
d
f —st Ab 3_.' O
Q.
Fu = 1855 k. ® g-case ease (BT D)
¢ TTRANVERSE TIRECTION
s B-w
FH? - O.S’Lg E ~. ’30' v (94/ %%l % 0.\5- KQF - 45(0 K l

= BRy ., T IR > '

!
TM, To T (ocATion &F R To REIST MomexTt Due T By
2’;\' TAS CASKS,
Rab = B'%x456k s+ (34223 (8355 |

2 &4 23 %o .
Ab = L4 + 23,200 wFr _ 290
1SS «

ADS €, = &2 FT => €, = 2.80+012: 3,52 T

v

¢

B = B-2e_ = 30 -2x332' = 22847 T




w oo N 0 ;AW -

STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 5010.55

E

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.0.NO. DIVISION & GROUP CALCULATION NO. [OPTIONAL TASK CODE PAGE &9
053R4 6. 02 G (3D 64 -G

TXN REARKWNA c_APAcrc\( OF PADI &-LASk_ CASE

%tM\LAR\_\( To. LoNGTUDINAL TIRECTIEN

e = QL v Ads BT ASek = ERy .7 2247k
= t o 87
R
™ 2155 K AR =

TAS CAS &S
LS®4Aser + (3 +2.83 YA

&4 + 22,8719 «er
Al = - = 2.0
2sg L

A €9 = W22 T = eps 2710 'x 122 = 382"

L' L-2ey = o4’ ~ 2« 342 = 5G5S frv
= = — = LA K$
ZACWN, '~ 22!—11',‘ SIS’ v
Core ppiow FoR  FO LA &z 2287 L'z BGis/

[, = 2155 K (STATwe+ Dvv 8 cA?;mB
FH? Fuc |
ERue .- A4Sk + 1S5 g = 23U K

BR ypg = ASek ¥ 1TALK = 22477 &

Y3urew = OGO RE Y= %6 fee D£: 2 3\—:&2‘7\: 2!
b= O C=2.2 Ka&F @l




5010.65

STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.0. NO.
05996.02

DIVISION & GROUP

G(B)

CALCULATION NO.
04 -6

OPTIONAL TASK CODE

PAGE 70

DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON MAXIMUM CASK DYNAMIC FORCES FROM THE SSI ANALYSIS

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 8 CASKS
PSHA 2,000-Yr Earthquake: CaselIV

Soil Properties: c= 2,200 Cohesion (psf)
. o= 0.0 Friction Angle {degrees)
y= 80 Unit weight of soil (pcf)
Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B'= 23.0 Footing Width - ft (E-W)
Ds= 2.7 Depth of Footing (it)
B= 14.8 Angle of load inclination from vertical (degrees)
-FS= 1.1 Factor of Safety required for Qayowabte:
Fy= 8,755 k (Includes EQy)
EQH E-W = 2,311 k & EQH N-§ =

100 % in X,

100 % in Y,

100 % inZ

Quir = € N¢ S¢ de i + Yeuren Df Ng Sq dqiq +1/2yYB Ny s, d, i,
N.= (Ng- 1) cot(d), but=5.14for¢ =0 =
Ny=e"*" tan®(/4 + ¢/2) -
N, =2 (Nqg+ 1) tan (¢) =

sc= 1+ (B/L)(Ng/No) _ =
Sq=1+ (B/LYtan ¢

s,=1-0.4 (B/L) =

ForDyB<1: dy=1+2tan¢ (1-sin¢)’DyB =

dy=1 =

For ¢ > 0: d. = dg - (1-dg) / (Ng tan ¢) =
For ¢ =0:d.= 1+ 0.4 (DyB) ‘

mg = (2 +B/L)/ (1 +B/L) =
me=(2+L/B)/(1+LB) =

If EQyn.s > 0: 8, = tan " (EQuew/EQuns) =
m, = m cos?6, + mg sin°0, =
iq={1-Fu/[(F, +EQ)+B L' ccot¢]})” =
iy={1-Fy/[(F,+EQ,) +B' L ccotd] ™ =
For¢=0:i,=1-(mFy/B'L'cN) ' =

‘ N, term
Gross q = 8,802 psf= 8,531 +
_Gm= 8,000  pst=qu/FS
Qactual = 6,788 psf=(F, + EQ,)/ (B’ x L’)
FSactual = 1.30 = qQut/ Qactuat

[geot]jo5996\calc\brng_cap\Pad\cu_phi.xls

L' = 56.2

2247k —

Length - ft (N-S)

3,223 kforFy

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

5.14 Eq 3.6 & Table 3.2
1.00 Eq 3.6
0.00 Eq3.8
1.08 Table 3.2
1.00 !
0.84 !
1.00 Eq3.26
1.00 "
N/A
1.05 Eq3.27
168 Eq3.18a
1.32 Eq3.18b
0.80 rad
1.51 Eq 3.18¢
1.00 Eq 3.14a
0.00 Eq 3.17a
0.67 Eq3.16a

N, term N, term

271 + 0

Hence OK
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DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS BASED ON MAXIMUM CASK DYNAMIC FORCES FROM THE SSI ANALYSIS

Table 2.6-8 presents a summary of the bearing capacity analyses that were performed
using the maximum dynamic cask driving forces developed for use in the design of the
pads in Calculation 05996.02-G(PO17)-2 (CEC, 1999) for the pad supporting 2 casks, 4
casks, and 8 casks. Details of these analyses are presented on the preceding pages. As
indicated in this table, the gross allowable bearing pressure for the cask storage pads to
obtain a factor of safety of 1.1 against a shear failure from static loads plus the very
conservative maximum dynamic cask driving forces due to the design basis ground motion
is at least 8.0 ksf for the 2-cask, 4-cask, and 8-cask loading cases. The minimum
allowable value (8.0 ksf) was obtained for the 8-cask loading. The actual factor of safety

for this case was 1.3, which is greater than the criterion for dynamic bearing capacity (FS
2 1.1).
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CONCLUSIONS

Analyses presented herein demonstrate that the cask storage pads have adequate factors
of safety against overturning, sliding, and bearing capacity failure for static and dynamic
loadings due to the design basis ground motion. The following load cases are considered:

Casel  Static
Case Il  Static + dynamic horizontal forces due to the earthquake

Case Il Static + dynamic horizontal + vertical uplift forces due to the earthquake

Case [V Static + dynamic horizontal + vertical compression forces due to the
earthquake

For Case II, 100% of the dynamic lateral forces in both X and Z directions are combined.
For Cases III and IV, the effects of the three components of the design basis ground motion
are combined in accordance with procedures described in ASCE (1986); i.e., 100% of the
dynamic loading in one direction is assumed to act at the same time that 40% of the
loading acts in the other two directions.

These results of these stability analyses are discussed in more detail in the following
sections.

OVERTURNING STABILITY OF THE CASK STORAGE PADS

Analyses presented above indicate that the factor of safety against overturning due to
dynamic loadings from the design basis ground motion is 1.66. This is greater than the
criterion of 1.1 for the factor of safety against overturning due to dynamic loadings;
therefore, the cask storage pads have an adequate factor of safety against overturning due
to loadings from the design basis ground motion.

SLIDING STABILITY OF THE CASK STORAGE PADS

The cask storage pads will be constructed on and within soil cement, as described in
Sections 2.6.1.7 and 2.6.4.11 of the SAR and as illustrated in Figure 4.2-7 of the SAR.
Analyses presented above demonstrate that, using only the passive resistance of the soil
cement above the bottom of the pads, the soil cement can be designed to provide sufficient
resistance to sliding of the pads to readily achieve the minimum required factor of safety of
1.1. Thus, embedding the pads in soil cement will greatly enhance their resistance to
sliding due to dynamic loads from the design basis ground motion. Additional analyses
are included that demonstrate that sliding will not occur along deeper surfaces within the
profile underlying the cask storage pads. First, the sliding resistance of the in situ silty
clay/clayey silt layer is addressed to demonstrate that sliding will not occur along the
interface between the bottom of the soil cement and those soils. These analyses
demonstrate that if the pads were founded directly on the silty clay/clayey silt layer, the
minimum factor of safety against sliding would be ~1.7. Therefore, the cask storage pads,
embedded in soil cement, will have an adequate factor of safety against sliding.
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Adequate factors of safety against sliding due to maximum forces from the design basis
ground motion were obtained assuming that the storage pads were founded directly on the
silty clay/clayey silt layer and conservatively ignoring the passive resistance of the soil
cement that will be placed under and adjacent to the pads. In this case, much of the
shearing resistance is provided by the cohesive portion of the shear strength of the silty
clay/clayey silt layer, which is not affected by upward earthquake loads. As shown in SAR
Figures 2.6-5, Pad Emplacement Area — Foundation Profiles, a layer, composed in part of
sandy silt, underlies the clayey layer at a depth of about 10 ft below the cask storage pads.
Sandy silts oftentimes are cohesionless; therefore, to be conservative, the sliding stability
of the cask storage pads was analyzed assuming that the soils in this layer are
cohesionless, ignoring the effects of cementation that were observed on many of the split-
spoon and thin-walled tube samples obtained in the drilling programs.

Analyses were performed to address the possibility that sliding may occur along a deep
slip plane at the clayey soil/sandy soil interface as a resuit of the earthquake forces. To
simplify the analysis, it was assumed that cohesionless soils extend above the 10 ft depth
and, thus, the pads are founded directly on cohesionless materials. Because of the
magnitude of the peak ground accelerations (0.53g) due to the design basis ground motion
at this site, the frictional resistance available when the normal stress is reduced due to the
uplift from the inertial forces applicable for the vertical component of the design basis
ground motion is not sufficient to resist sliding. However, analyses were performed to
estimate the amount of displacement that might occur due to the design basis ground
motion for this case. These analyses, based on the method of estimating displacements of
dams and embankments during earthquakes developed by Newmark (1965), indicate that
even if these soils are cohesionless and even if they are conservatively located directly at
the base of the pads, the estimated displacements would be less than 'z inch. Whereas
there are no connections between the ground and these pads or between the pads and
other structures, this minor amount of displacement would not adversely affect the
performance of these structures if it did occur. Furthermore, the pads will be constructed
on and within soil cement, which will be strong enough to resist sliding of the pads using
only the passive resistance of the soil cement. This soil cement will effectively lock the
pads in their respective locations, so that they can not move relative to one another.
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ALLOWABLE BEARING CAPACITY OF THE CASK STORAGE PADS

STATIC BEARING CAPACITY OF THE CASK STORAGE PADS

Analyses of bearing capacity for static loads .are summarized in Table 2.6-6. As indicated
for Case IA, the factor of safety of the cask storage pad foundation is 6.3 using the
undrained strength for the cohesive soils that was measured in the UU tests (s. > 2.2 ksf)
that were performed at depths of approximately 10 to 12 feet. The results for Case IB
illustrates that the factor of safety against a bearing capacity failure increases to greater
than 14 when the effective-stress strength of ¢ = 30° is used. Therefore, cases result in
factors of safety againsf a bearing capacity failure that exceed the minimum allowable
value of 3 for static loads. The minimum gross allowable bearing capacity exceeds 4 ksf
for static loads.

DYNAMIC BEARING CAPACITY OF THE CASK STORAGE PADS

Analyses of bearing capacity for dynamic loads are summarized in Tables 2.6-7 and 2.6-8.
Table 2.6-7 presents the results of the bearing capacity analyses based on the inertial
forces applicable for the peak ground accelerations from the design basis ground motion.
Table 2.6-8 presents the results of the analyses based on the maximum dynamic cask
driving forces developed for use in the design of the pads in Calculation 05996.02-
G(PO17)-2 (CEC, 1999) for the pad supporting 2 casks, 4 casks, and 8 casks. These latter
dynamic forces represent the maximum force occurring at any time during the earthquake
at each node in the model used to represent the cask storage pads. It is expected that
these maximum forces will not occur at the same time for every node. These forces,

therefore, represent an upper bound of the dynamic forces that could act at the base of the
pad.

Table 2.6-7 presents the results of the dynamic bearing capacity analyses for the following
cases, which include static loads plus inertial forces due to the earthquake.

Case 11 100% N-S direction, 0% Vertical direction, 100% E-W direction.
Case IIIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.
Case IIIB  40% N-S direction, -40% Vertical direction, 100% E-W direction.
Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.
Case IVA  40% N-S direction, 100% Vertical direction, 40% E-W direction.
Case IVB  40% N-S direction, 40% Vertical direction, 100% E-W direction.
Case IVC 100% N-S direction, 40% Vertical direction, 40% E-W direction

As indicated in Table 2.6-7, the gross allowable bearing pressure for the cask storage pads
to obtain a factor of safety of 1.1 against a shear failure from static loads plus the inertial
loads due to the design basis ground motion exceeds 7.7 ksf for all loading cases identified
above. The minimum allowable value was obtained for Load Case II, wherein 100% of the
earthquake loads act in the N-S and E-W directions and 0% acts in the Vertical direction,
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tending to rotate the cask storage pad about the N-S axis. The actual factor of safety for

this condition was 2.3, which is greater than the criterion for dynamic bearing capacity (FS
2 1.1).

Table 2.6-8 presents a summary of the bearing capacity analyses that were performed
using the maximum dynamic cask driving forces developed for use in the design of the
pads in Calculation 05996.02-G(PO17)-2 (CEC, 1999) for the pad supporting 2 casks, 4
casks, and 8 casks. As indicated in this table, the gross allowable bearing pressure for the
cask storage pads to obtain a factor of safety of 1.1 against a shear failure from static loads
plus the very conservative maximum dynamic cask driving forces due to the design basis
ground motion is at least 8 ksf for the 2-cask, 4-cask, and 8-cask loading cases. The
minimum allowable value (8.0 ksf) was obtained for the 8-cask loading. The actual factor

of safety for this case was 1.3, which is greater than the criterion for dynamic bearing
capacity (FS 2 1.1).
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TABLE 1
Summary of Vertical Soil Bearing Pressures (ksf) from Calc 05996.02- G(PO017)-2, Rev 1
" (After adjusting snow loads to 0.045 ksf)

20°'96650
"ON "O'M HO "O°'f

(@)
dNOHD ® NOISIAIQ

9-%0
"ON NOILYIND1VD

Loading |Point A(287) | B(293) | C(299) | D(144) | E(150) | F(156) | G (1) H(7) | J(13)
2-Cask |Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Snow LL 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045
Cask LL 1.35 1.36 1.36 0.35 0.35 0.35 0.00 0.00 0.00
Pad EQ 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Cask EQ 2.22 1.64 1.81 0.67 0.48 | 0.45 0.00 0.00 0.00
100% Vert | 4.30 3.73 3.90 1.75 1.56 1.53 0.73 0.73 0.73
4-Cask |Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Snow LL 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045
Cask LL 1.77 1.77 1.77 0.80 0.80 0.80 0.00 0.00 0.00
Pad EQ 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Cask EQ . 1.97 1.70 1.92 1.87 1.23 1.31 0.00 0.00 0.00
100% Vert | 4.47 4.20 4.42 3.40 2.76 2.84 0.73 0.73 0.73
8-Cask |Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Snow LL 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045 | 0.045
Cask LL 1.47 1.47 1.47 1.60 1.60 1.60 1.47 1.47 1.47
Pad EQ 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Cask EQ 2.70 2.39 2.13 2.62 1.44 2.24 3.92 2.42 2.47
100% Vert | 4.90 4.59 4.33 5.15 3.77 4.57 6.12 4.62 4.67
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TABLE 2.6-6
SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS
Based on Static Loads

GROSS EFFECTIVE
Case Fy |EQuns|EQuew|EZMons|ZMae Be B e e
v HN-S HEW on-s eEW EQH E-W EQH N-S Quit Qan 8 - B’ L qpclual Fsaclual
k k k - ft-k ft-k deg deg ksf ksf ft ft ft ft ksf
1A - Static .
Undrained| 3,716 0 0 0 0 0.0 0.0 13.05 | 4.35 0.0 0.0 30.0 | 64.0 | 1.94 6.7
Strength :
IB - Static
Effective | 3,716 0 0 0 0 0.0 0.0 28.34 | 9.44 0.0 0.0 30.0 | 64.0 | 1.94 14.6
Strength

¢= 30 Effective stress friction angle (deg), ¢=0.
¢ = 2,200 Undrained strength (psf), 1=0.
y= 80 Unitweight of soil (pcf)
B = 30 Footing width (it)
L = 64 Footing length (ft)
Di= 2.7 Depth of footing (ft)
Yeuch = 100  Unit weight of surcharge (pcf)

FS= 3 Factor of safety for static loads.

lgeoll\05996\calc\bmg_cap\Pad\cu_phi.xls Table 2.6-6

Fy = Vertical load (Static + EQy)

EQy = Earthquake: Horizontal force. Fyy= EQuew Or EQunes

Bg = tan” [(EQye.w) / Fyv ] = Angle of load inclination from vertical (deg) as {(

B = tan” ((EQyn.s) / Fv ] = Angle of load inclination from vertical (deg) as f{l
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SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS

TABLE 2.6-7

Based on Inertial Forces Due to Design Earthquake: PSHA 2,000-Yr Return Period

c0'966S0
"ON "O°M HO "O°f

dNOHD B NOISIAIG

GROSS EFFECTIVE
Case F EQuns | EQuew| ZMans | ZMae- Be B e e - :
v HN-S HEW an-s W | EQ cwl EQuns] o Qan B - B L’ | Yactwal | FSactual
k k k ft-k ft-k deg deg ksf kst ft ft ft ft | ksf
o 3,716 1,962 1,962 20,006 20,006 27.8 27.8 8.46 7.68 5.4 54 | 19.2 | 53.2 | 3.63 23
1A 1,735 785 785 8,002 8,002 24.3 243 | 1139 | 1035 ] 4.6 46 | 20.8 | 54.8 | 1.52 7.5
oIB 2,924 785 1,962 20,006 8,002 33.9 15.0 8.92 8.10 6.8 2.7 16.3 | 58.5 | 3.06 29
IIc 2,924 1,962 785 8,002 20,006 15.0 33.9 | 1052 | 9.56 2.7 6.8 | 245 | 503 | 2.37 4.4
IVA 5,697 785 785 8,002 8,002 7.8 7.8 11.91 | 10.83 1 14 i4 | 272 | 612 | 3.42 3.5
. L

IvB 4,508 785 1,962 20,006 8,002 23.5 9.9 9.93 9.03 4.4 1.8 | 21.1 | 60.5 | 3.53 2.8
wce 4,508 1,962 785 8,002 20,006 9.9 235 | 10.88 { 9.89 1.8 44 1 265 | 55.1 | 3.09 3.5

c= 2,200 Total stress cohesion (psf) Fy = Vertical load (Static + EQy)

= 0.0 Total stress friction angle (deg) EQ, = Earthquake: Horizontal force. Fyy = EQyew of EQunes

B = 30 Footing width (ft) ‘ By = tan™ [(EQuew) / Fv ] = Angle of load inclination from vertical (deg) as f(width).
L= 64 Footing length (ft) B = tan™ [(EQun.s) / Fv ] = Angle of load inclination from vertical (deg) as f(length).
Dt = 2.7 Depth Of fOOting (ft) €g = Zl\A@N-S/ F.v e = EM@E-W/ FV
y= 80 Unit weight of soil (pcf) B=B-2eg L=L-2¢
Yarcn= 100 Unit weight of surcharge (pcf) Qacwwa = Fy/ (B x L)
FS= 1.1  Factor of safety for dynamic loads.

[geot)\05996\calc\brng_cap\Pad\cu_phi.xls Table 2.6-7
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SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS
Based on Maximum Cask Driving Forces Due to Design Earthquake: PSHA 2,000-Yr Return Period for

TABLE 2.6-8

Loading Case IV: 100% N-S, 100% Vertical, and 100% E-W

¢0'966S0
"ON "O"M HO "O°f

=)15)
dNOY9 ¥ NOISIAIQ

GROSS EFFECTIVE
Caselv | F EQuuns | EQuew| IMaens | IMge Pe P e e A
v HNS HEW on-s oW EQH E-W EQH N-S Quit qall 8 - B’ L Qactual F""-"actual
K k k ft-k ft-k deg deg kst ksf ft ft ft ft kst
2 Casks | 2,647 768 909 9,873 13,103 190 | 162 | 982 | 893 | 3.73 | 495|221 | 225 | 5.32 | 1.8
4 Casks | 4,633 1,265 1,378 13,807 27,290 | 16.6 15.3 9.77 8.88 | 298 | 589 |'24.0 | 362 | 532 1.8
8 Casks | 8,755 2,247 2,311 30,818 34,320 14.8 14.4 8.80 8.00 | 352 | 392 | 23.0 | 56.2 | 6.79 1.3
.
c= 2,200 Total stress cohesion (psf) Fy = Vertical load (Static + EQy)
¢= 0.0 Total stress friction angle (deg) EQy, = Earthquake: Horizontal force. Fy=EQuew of EQuus
B = 30 Footing width (ft) By = tan™ [(EQuew) / Fv ] = Angle of load inclination from vertical (deg) as f(width).
L = Varies Footing length (ft) BL= tan™ [(EQun.s)/ Fv ] = Angle of load inclination from vertical (deg) as f(length).
Di= 2.7  Depth of footing (ft) IMons = €g X Fy TMoew = €. X Fy
= 80  Unitweight of soil (pcf) B'=B-2eg L=L-2¢
Yewrech = 100 Unit weight of surcharge (pcf) Qacta = Fv/ (B" x L)
FS= 1.1 Factor of safety for dynamic loads.

lzcot]N05996\cale\brig_cap\Pad\cu_phi.xls Table 2.6-8
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FIGURE 1
FOUNDATION PLAN & PROFILE
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Note:  Plan view of pad from SWEC Drawing 0599601-EY-2E.

Cask details from Attachment C of Calc 05996.02-G(B)-05-1.
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FIGURE 2
_ StATIC FOUNDATION LOAD / PRESSURE
. | 3o’
TOTAL LoaAD: FEARN & PRECSVRE"

Bodud = LAD/mreA

Pﬁc—'}aa‘ =3

30’xb4'

Padual = L&A KSE

Cask weight = 356.5K based on heaviest assembly weight shown on HI-STORM TSAR
Table 3.2.1 (overpack with fully loaded MPC-32). See p C3 of Calc 05996.02-G(B)-05-1 for
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FIGURE 3

DETAIL OF SOIL CEMENT UNDER &
ADJACENT TO CASK STORAGE PADS

35"
b
CoMPACTED PAGAREGATE 85" T
- 2}, 3’ CAZK STORAGE PAD
Lo\ cemens o 26" % G4 !
AsSure Y Z\os Pee - i__ .?5,'4
21

FIGURE 4

PASSIVE PRESSURE ACTING ON CASK STORAGE PADS
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FIGURE 5

STANDARDIZED DISPLACEMENT FOR NORMALIZED EARTHQUAKES

_ (SYMMETRICAL RESISTANCE)

From Newmark (1965)
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FIGURE 6

DETERMINATION OF MOMENTS ACTING ON PAD DUE TO EARTHQUAKE
LoaDps FROM CASKS

-

W By, | Wy = 483

»—-v—-%_‘- [ . RSN

Pa << Pp; therefore,
ol able It's conservative to
Ignore both in ZM.

Fy + €&y
Vertical reaction of cask load acts on the pad at an offset = Ab from the centerline of the
cask. '

2 M @ centerlineto find Ab.

Abx (W, +EQ,.)=9.83 ft xEQ,,

ZM@O to find ZM@N_S

S Mgy =1.5ftXEQy, +3ft xEQ,, +Abx (W, +EQ,).
pad cask horiz  cask vert

Note: Moment arm of 3 ft is used for determining moment due to cask horizontal force,
because casks are only resting on the pads — No connection exists to transmit moment to
the pad. ’
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NOTES OF TELEPHONE CONVERSATION JO No. 05996.01
PRIVATE FUEL STORAGE, LLC Date: 06-19-97
PRIVATE FUEL STORAGE FACILITY Time: 2:45PM EDT
FromMm: Stan M. Macie = SWEC-Denver 1E Tie Line 321-7305
Wen Tseng (ICEC) Voice (510) 841-7328
(FAX) (510) 841-7438
To: Paul J. Trudeau SWEC-Boston 245/03 (617) 589-8473

SUBJECT: DYNAMIC BEARING CAPACITY OF PAD

DISCUSSION:

WTseng reported that his pad design analyses are being prepared for three loading cases: 2 casks, 4
casks, and 8 casks. The dynamic loads that he is using are based on the forcing time histories he
received from Holtec. These forcing time histories were developed using a coefficient of friction
between the cask and the pad of 0.2 and 0.8, where 0.2 provides the lower bound and 0.8 provides
the upper bound loads from the cask to the pad.

He indicated that the bearing pressures at the base of the pad are greatest for the 2-cask dynamic
loading case for p = 0.8 between the cask and the pad, because of eccentricity of the loading. For
this case, the vertical pressures at the 30’ wide loaded end of the pad are 5.77 ksf at one corner and
3.87 ksf at the other. He reported that it is reasonable to assume this pressure decreases linearly to 0
at a distance of ~32 ft; i.e., approximately half of the pad is loaded in this case. He also indicated
that the horizontal pressure at the base of the pad is 1.04 ksf at the 30° wide end of the pad that is
loaded by the 2 casks, and that this pressure decreases linearly over a distance of ~40° from the
loaded end. He noted that the vertical pressures include the loadings (DL + dynamic loadings) of the
casks and the pad, but the horizontal pressures apply only to the casks. Therefore, the inertia force of
the whole pad must be added to the horizontal loads calculated based on the horizontal pressure
distribution described above.

Since the table of allowable bearing pressures as a function of coefficient of friction between the
cask and the pad that is in the design criteria does not include a value for p = 0.8, WTseng asked
PJTrudeau to provide the allowable bearing pressure for this case.

ACTION ITEMS: SvrersedED | £
By ATT B

PJTrudeau to determine the dynamic allowable bearing pressure for the 2-cask loading case.

Copy TO:NTGeorges Boston 245/03 5890t

SMMacie Denver 1E
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53 Soil Pressures .

5.3.1 Static Soil Pressure

Calculations of static soil pressure due to dead load (DL) and cask live load (LL) are
given in Table S-] and S.2, respectively.
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Table S -1
Maximum Vertical Displacements and Soil Bearing Pressures
Dead Load

Ky = 2.75 kef K = 26.2 ketf

ZAf) = 0.164 0.0172

Qrwiksf) = 0.45 © 045

Notes: 1. Z,, = maximum vertical displacement due to dead load (wt. of the pad only).

2. Q. = vertical soil bearing pressure = k, x Z,,, where k, = subgrade
moduli = 2,75 and 28.2 kef for lower-bound and upper-bound soils,
respectively, and Z,, are obtained from CECSAP analysis results (Att, A).
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TableS-2 '
Maximum Vertical Displacements and Soil Bearing Pressures
Live Load
(Zdmax ( x10% ft.)
Node subgrade modutus = 2,75 kef subgrade modulus = 26.2 kcf
No. | 2 Casks | 4 Casks | 8.Casks |7 Casks +| 2 Casks | 4 Casks | 8 Casks | 7 Casks +
- OLT OLT
1 13.54 11.2 -53.28 -80.55 0]344 1.22 -4.859 -5.451
7 13.5 11.19 -53.27 444 0.7026 1.206 -4.966 4.48i
13 13.54 11.2]  -53.28] -27.42] 0.7244 1.22] -4.958 -3.479
144 -12.85 -27.63 -56.27 -81.67] -0.8428 ~-3.061 -6.121 -8.451
150 -12.74 -27.682 -55.24 -63.97] -0.8975 -3.061 -6,119 -65.723
158 -12.85 =27.63 -55.27 -48.31] -0.8428 -3.061 -6,121 -5.01
287 ~43.58 -64.43 -53.28 -143 -3.152 £.179 -4.959 -11.85
293 -43.63 -64.46 -53.27 -83.3 -5.178 -6.172 -4.966 -8.548
299 -43.58 -§4.48 -53.28 -63.54 -5,152 -£.179 -4.959 -5.58
- Maximum Soil Bearing Pressure g4 ( ksf)
1 0 s} -1.465 -1.665 0 0 -1.299 -1.428
7 0 0 -1.485 -1.210 0 0 -1.301 =1.174
13 0 0 -1.465 -0,754 o 0 -1.289 -0.911
144 0.348 -0.760. | -1.520 «2.248 0.221 0.802 -1.604 «2.214
150 0.350 -0.780 -1.519 «1.759 0.235 -0.802 -1.603 -1.761
156 | 0.348 | -0.760 | -1.520 | -1.274 | 0.221 -0.802 { -1.604 -1.313
287 | -1.188 -1.773 ~1.465 -2.833 -1.350 -1.619 -1.299 -3.105
203 | -1.200 -1.773 -1.465 -2.29% ~1.357 -1.8617 -1.301 -2.240
209 | 1198 | 1773 | -1465 | 1,758 | -1.350 | -1.619 { -1.209 -1.462

Nota;
1. @z = kg X 2, where k, = 2.75 and 26.2 kef for lower-bound and upper-bound
subgrade moduli, respectively, and Z, are obtained from CECSAP analysis results
(Att. A)
2. Negative displacements imply downward movements. - -
3. The displacement values listed are taken from the selected 9 nodes. They are Node
1,7, 13, 144, 150, 156, 287, 293, and 299. The locations of these nodes are shown
in Figure 1. Their maximum displacement values may not be the Jocal maxima,
By close examination, it is detesmined that the nine values taken for each loading case
have encompassed the maximum value for that case,
4, For snow load, the soit bearing pressure isf (Ref. 5).

International Civil Engineering Consultants, inc.
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5.3.2 Dynamic Horizontal and Vertical Soil Pressures

Calculations of horizontal and vertical soil pressures dus to dynamic cask driving
farces resulting from earthquake motions are given in the following tables:

Table D-1(a) shows calculation of total maximum horizontal dynamic soil reactions
in the X-direction (short direction of pad).

Table D-1(b) shows calculation of total maximum horizontal dynamic soil reactions
in the Y-direction (long direction of pad).

Table D-1(c) shows a summary of total maximum horizontal dynamic soil reactions.

Table D-1(d) shows calculation of maximum vertical dynamic soil bearing pressures.

international Civil Engineering Consuitants, Inc.
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Table D-1(a)
Total Maximum Horizontal Soil Reactions in the X Direction f
Dynamic Lead

Maximum Displacement Xd ( x10™ ft.)
Node 18 BE uUB

Number | 2 Casks { 4 Casks |8 Casks 2 Casks | 4 Casks | 8 Casks| 2 Casks | 4 Casks } 8 Casks
1 6.106 3.738 33.63 3258 1.874 17.72 1,673 1.380 10.28
7 6.110 3,738 3368 3.256 1.975 17.73 1.874 1.379 10.31
13 £§.108 3.738f 33.64 3258 1.872 17.73 1.673 1.377 10.30
144 8.131 15.69 16.72 4.408 8.923 17.88 2.335 5.129) 10.75
150 8.130 15689] 18.72 4.408 8928 17.89 2.333 5.087 10.76
158 8.137 15§89 16.70 4.409|  8.933] 17.88¢ 2,338 5.061 10.75
287 22.76 34.771 34.90 12.26 19.48] 18.14 8.776 10,68 10.89
283 22.76 34.78] 34.92 1227 19.484 18.18 8.777 10.70 10.90
299 22.76 34.76) 3451 12.27 19.46 18.16 6.776 10.68 10.89¢
Average | 12333] 18.066| 25424| 6643 10125] 17922( 3.505] 5720 1065
Kxd (kips/f) 55188 551881 55188| 102288] 102288| 102288{ 174240] 1 74240] 174240
Qxd (kips) 681 997 1566 680 1036 1833 6261 997] 1855

Notes:

1. Average = {sum{Xd)}/N; Xd=max. x-displ.; i=nodes 1,7,13,1 44,150,156,287,293,299; and N=9.
2. Qxd = Kxd x Average = total maximum horizontal-x soil reaction in Kips.due to dynamic loading.
3. Kxd for LB, BE, and UB soils are dynamic horizontal-x soil spring stiffnesses given below:

(Kxd)LB= 4.60E+06 Ifin  Kx)BE= 8.52E+06 Ibin  KxdUB= 1.456+07 Wbfin
5.52E+04 Kips/ft 1.02E405 Kips/ft 1.74E405 Kips/t

4. LB = lower-bound soil. BE = best-estimata soil, UB = upper-bound soil.

5. Xd are obtasined from CECSAP analysis resuils given in AtL. A.

8. The maximum nodat displacements listed may not be concurrent.  However, they are assumed
to be concurrent for conservatism.

7. Node numbers are shown in Figure 1.

International Civil Engineering Consultants, Inc.
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Table D-1(b)
Total Maximum Horizontal Soil Reactions in the Y Direction !
Dynamic Load
Max. Displacement Yd (x10™ ft.)

Node LB BE
Number | 2 Casks | 4 Casks |8 Casks| 2 Casks| 4 Casks {8 Casks| 2 Casks | 4 Casks | 8 Casks
1 9.382 17.42] 29.04] S5446! 10.100f 17.04 3.550 5.444] 1087
7 7.698 14.54] 17.42] 4.589 8.885| 17.23 2.820 5085] 10.30

13 9.788 1465| 209800 5.119 9.180] 47.41 3,116 5741] 10.82
144 9.472 17.51] 29.08] 5.563f 10.240] 17.07 3.588 5602 10.71
150 7.748 14.66] 17.40] 4.650 8.084| 17.24 2.880 5226 10.83
156 9.856|  14.76] 2072) 5.225| 9310 17.42| 3.245 5.874] 10.95
287 9.570 17.54| 20.13] 5671] 10.380| 17.08 3.767 5.734] 10.74
283 7.833 14.72| 17.38] 4.803 9.120] 17.23 3.001 5.348] 10.89
2991 10.000 14.89) 2054} 5348 9.368) 17.41 3370} 5.890] 10.93

Average 9.036] _ 15.632| 22402 5151  9.502| 17.234]  3.262 5.546] 10814
Kyd (kips/l)] _ 52428| __ 52428| 52428) o7176] 67176 97176] 165800] 165600] 165600
Qyd (kips) 474 820 1175] 50 23] 1675 540 o18{ 1791
Notes:

1. Average={sum{Yd)iyN; Yd=max. y-displ.; i=nodes 1,7,13,144,150,156,287,293,299; and N=9.
2. Qyd = Kyd x Average = total maximum horizontaly soil reaction in Kips due to dynamic loading.
3. Kyd for LB, BE, and UB soils are dynamic horizontal-y soil spring stiffnesses for entire pad
given below:
Kyd)LB =  4.37E+06 1b/in (Kyd}BE 8.10E+06 1b/fin Kyd)UB  1.38E+07 1b/in
5.24.E+04 Kips/t 9.72.€+04 Kips/ft 1.66.E+05 Kipsift
4. LB = lower-bound soif, BE = best-estimate soil, UB = upper-bound soil,
5. Yd are obtained from CECSAP analysis results given in Att. A.

8. The maximum nodal displacement tisted may not be concurrent. However, they are assumed to be
concurrant for conservatism.

7. Node numbaers are shown in Figure 1.

international Civil Engineering Consultants, Inc.
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Table D-1(c)
Summary of Total Maximum Horizontal Soil Reactions :
" Dynamic Loagd

Max. Soil Reaction { Kips )
LB BE us
2 Casks | 4 Casks | 8 Casks | 2 Casks | 4 Casks | 8 Casks | 2 Casks | 4 Casks | 8 Casks
Qxd = 681 597 156 680 1038] 1833 626 997 18550 £\
Qyd = 474 820 11754 501 923 1675 £40 918 17911 N-3

Notes:

1. Qut and Qyd in Kips are calculated in Tables D-1(s) and (b), respectively.

2. LB = jower-bound soif, BE = best-estimate soif, UB = upper-bound soil.

international Civil Engineering Consuitants, ine.
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Table D-1(d)

Maximum Vertical Soil Bearing Pressures
Dynamic Logd

Maximum Displacement Zd { x107 ft.)
Node LB B8E us
Number| 2Casks | 4 Casks | 8 Casks | 2 Casks | 4 Casks | 8 Casks | 2 Casks | 4 Casks | 8 Casks
1 6.046 13.58f -30.77 4.002 7.508]  -50.25 1,945 5.852] -33.37
7 6.421 9.074} -29.91 3.341 5.761] -24.81 1.955 3.728] -2064
13 9.790 14,731 -47.10 4.855 10,53} -27.68 2.379]  6.073] -21.03
144|  -12.78{ -24.37] -30.83} -9.079] -22.41] -29.56] -5.715] -15.900f -23.99
150| -8301] -12571 -18.70] -5218] 1241} -1586] -4.055] -10.450] -12.29
16|  -10.13]  -25.141 -21.34] -5.898f -13.95) -20.82] -3.8011 -11.180] -19.07
287 -28.50] -35.51] -89.21] -23.57] -27.08] -26.58] -13.900] -16.760] -14.97
253l 24771  -3204] 6138 -17.38f -22.88] -21.370 -14.0100 -14500] -15.10
299l 2801} -37.771 -54.79] -29.68f -22.41| .2855f -1 5.430’ -168.340]  -16.84

Maximum Soil Bearing Pressure Q.4 ( Kips/t? )

1 0.00 0.00 -1.20 0.001 0.00 -3.53 Q.00 0.00 -3.92
7 0.00 0.00 -1.18 0.00 0.00 -1.73 0.00 0.00 -2.42
13 0.00 0.00 -1.83 0.00 0.00 -1.54 0.00 0.00 -2.47

1s0] -02s] 048] -08 087 o081  Aul 048] 23] 14

14 -0.50 -0.85 -1. :j -0.64 -1.57 -2.08 -0.87 1.87 -2.82
8
156 -0.39 -0.98 -0 0.41 -0.98 -2.08 -0.45 -1.31 «2.24

287 -1.03 -1.38 2,70 -1.68 -1.80 -1.80 222 -1.97 -1.76

293 -0.85 -1.25 -2.39 422 1.59 -1.50 -1.64 -1.70 4.77

299 1,01 -1.47 213 208 157 -1.87 -1.81 -1.92 -1.98
Notes:

1. ;= maximum soil bearing pressure = (Kzd X ZJ/A, where A = 64" x 30" = 1920 3.
2. Kzd for LB, BE, and UB soils are vertical-z dynamic 5ol spring stiffnesses-given below:

- (Kzd)LB=  8.238+08 ibVin (Kzd)BE =  1,12E+07 [b/in (Kzd)UB = 1.88E+07 Ib/in
7.43,E+04 Kips/tt 1.35.E+05 Kips/ft 2.265.E+05 KipsHt

3. LB = jower-bound so¥, BE = best-estimate soil, UB = upper-bound soil.
4. Zd are obtained from CECSAP analysis results given in A, A,

5, Negative displacements imply downward movements.
6. The maximum Zd values listed above may not be concurrent. Howaver they are assumed to be concurrent

values and concurrent signs are assigned to them.

7. Node numbers are shown in Figure 1.

International Civil Engineering Consultants, Inc.
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6.2 Vertical Soil Bearing Pressures and Horizontal Soil Shear Stresses
Vertical soil bearing pressures for individual loadings and combined loadings are summarized as
shown in Table 5. '

Horizontal soil shear stresses are shown in Tables D-1(a) and (b), and the total horizontal soil
reactions (shear forces) in both the short (x) and long (y) directions of the pad are summarized in
Table D-1(c). '

Intarnational Clvil Engineering Consultants, Inc.
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Table 5

Summal;y of Vértica_l Soil Bearing Pressures (ksf)

Node Number 287 | 293 299 144 | 150 | 158 1 7 13

PadDL | 045 | 045 | 046 | 045 | 045 | 0.45 | 0.45 | 0.45 | 0.45
SnowlL| 045 | 045 | 045 | 045 | 045 | 045 | 0.45 | 0.45 | 045 | =a— >k
CaskLL| 1356 | 138 | 138 [ 035 [ 035[ 035] o 0 0
PadEQ | 024 | 024 | 024 | 024 | 024 | 024 J 0.24 | 024 | 0.24
CaskEQ| 222 | 164 | 181 | 067 | 048 | 045 | o© 0 0
100% Ve| 471 | 414 | 431 | 216 | 197 | 184 | 114 | 1.14 | 1.14
PadDL | 046 | 045 | 045 | 045 | 045 | 0.45 | 045 | 0.45 | 0.45
SnowlL] 045 | 045 | D45 | 045 | 045 | 0.45 | 045 | 045 | 045 | —— ¥
CaskLL| 177 {177 | 177 [ 080 [ 080 ({080 O 0 0
PadEQ | 024 | 024 | 024 | 024 | 024 | 024 | 024 | 024 | 024
CaskEQ| 197 | 170 | 192 | 1.87 [ 123| 131 ]| 0 0 0
100% Ve| 4.88 | 461 | 4.83 | 381 | 317 | 325 | 114 | 1.14 | 1.14
PadDL | 045 | 045 | 045 | 045 | 0.45 | 0.45 | 045 | 0.45 | 0.45
SnowlL| 045 | 045 | 045 | 045 [ 045 | 0.45 | 045 | 045 | 0.5 | wa— K
CaskLL | 147 | 147 | 147 | 160 | 160 | 160 | 147 | 147 | 1.47
PadEQ | 0.24 | 024 | 024 | 024 | 024 [ 024 { 024 | 024 | 0.24
CaskEQ| 270 | 239 | 213 | 282 | 144 | 224 [ 392 | 242 | 2.47
100% Ve| 531 | 500 | 474 | 5566 | 418 | 488 | 6.53 | 5.03 | 5.08

2-Cask

4-Cask

Notes: (1) Values for Pad DL are obtained from Table S-1.
(2} Values for Snow LL are obtained from Table S-2.
(3) Values for Cask L are obtained from Table S-2.
(4) Pad EQ pressure = (pad wt.) X a,, where pad wt. = 864 kips, and a, = 0.533¢.
(&) Values for Cask EQ are obtained from Table D-1(d).
{6) EQ pressures listed are the envelopes of results for all soil conditions.
{7) Nods numbers arg shown in Figure 1.

% oo LOAS Shoutd B 0,045 Ker (Le‘J 45 PSQSS :0 ADSU(‘D—‘I—
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SUMMARY OF TRIAXIAL TEST RESULTS FOR SOILS WITHIN ~10 FT
OF GROLMID [URETACE AT TME S TE

Depth| Elev W |ATTERBERGLIMITS | USC| vy, | 74 | € | oc | Su & |rypel Date
ft ft % LL | PL PI | Code| pcf | pcf ksf | ksf %

B-1 U-2C 5.9 | 4453.9 | 47.1 | 66.1 | 33.4 | 32,7 MH | 79.3 | 53.9 | 2.15|] 0.0 | 2.03; 1.7 | CU |Nov'99

Boring | Sample

B-1 U-2B 5.3 | 4454.5 | 52.9 | 80.6 | 40.9 1 39.7 | MH | 70.8 | 46.3 | 2.67| 1.0 | 2.21} 6.0 | CU |[Nov'99

B-4 U-3D | 10.4 | 4462.1 | 27.4 | 425} 24.7| 178 CL | 855 | 67.1 |1.53] 1.3 | 2.18| 4.0 | UU jJan 97

C-2 U-2D 11.1 | 4453.4 | 35.6 See U-2C & E! CL | 785 | 57.9(193] 1.3 | 239 | 11.0 } UU |[Jan ;97

CTB-1 U-3D 8.7 | 4463.7 | 47.9 See U-3C? CH | 919 62.1 | .73} 1.7 | 2.84 | 5.0 | CU |June'99
CTB-4 U-2D 9.5 | 4465.5 | 45.2 Sce U-2E? CH | 87.7| 60.4 | 1.81}] 1.7 | 3.11 | 6.0 } CU {June'99
CTB-6 U-3D 8.3 | 4467.9 | 52.7 CH | 85.7 1| 56.212.02] 1.7 | 270 | 7.0 | CU {June '99

CTB-N U-1B 5.7 | 4468.4 | 30.1 | 41.3( 22.5| 188 CL |100.6| 77.3 | 1.20§ 1.7 | 3.00 8.0 | CU |Nov'98

CTB-N U-2B 7.7 | 4466.4 | 65.4 See U-2A? MH | 74.6 | 45.1 [ 2.76} 1.7 | 2.41 | 13.0 | CU {June '99

CTB-N U-3D 10.5 | 4463.6 | 52.2 | 61.1| 30.8 | 30.3| cH | 86.3 | 56.7 | 1.98| 1.7 | 2.73 | 7.0 | CU |June'99

CTB-S U-1B 5.8 | 4468.7 | 73.6 | 66.2 | 40.9 | 25.3 | MH | 78.0 | 44.9 {278} 1.7 | 2.05 | 12.0 } CU [Nov '98

CTB-S U-2D 8.4 | 4466.1 | 54.6 | 57.9 28.9{29.0| CH | 90.0 | 58.2 | 1.92] 1.7 | 2.40 | 5.0 | CU |[June'99

B-1 U-2D 6.5 | 4453.3 | 45.2 | 59.8 | 34.7 | 25.1 | MH | 76.7 | 52.8 | 2.22| 2.1 | 3.26 | 15.0 } CU |Mar '99

B-3 U-1B 5.2 4463.0 | 335 52.4| 252 | 27.2 | MH | 90.6 | 67.9 | 1.50] 2.1 | 3.55 | 8.0 | CU {Mar'99

Cc-2 U-1D 6.3 | 44582 | 50.5 70.3 | 41.3 | 29.0( MH | 745 | 49.5 | 2.43} 2.1 | 3.03 | 12.0 ] CU [Mar '99

NOTES 1 Attachment 2 of SAR Appendix 2A.
2 Attachment 6 of SAR Appendix 24.
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Peak Shear Stress, ksf
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DIRECT SHEAR TEST
Boring C-2, Sample U-1C
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OPTIONAL-TASK CODE
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CALCULATION NO.
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CALCULATION IDENTIFICATION NUMBER
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Private Fuel Storage Facility PP 5-21-1
Attachment 2
Page 1 of 2

QA CATEGORY |
CALCULATION CHECKLIST
Calculation No. 05996.02-G(B)-04 Project No. 05996.02
Revision No. 6 Job Book File Location Q2.9
Yes No NA

Method

Identify the method used to verify the “Method” of the calculation

e By