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Record of Revisions

Rev. = Revision
Reason for Revision
No. Date
00 Initial Issue 11/07/01

Revised test to incorporate PG&E NQS, UFSP, and Geosciences and its
reviewers’ comments including: 1) clarification of SHAKE program in

01 the software section, 2) addition of 2 figures showing the velocity and 12/13/01
displacement time histories of the rotated time histories, 3) addition of

record of revision sheet, and 4) minor editorial changes.
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Calculation Title:  Determination of Seismic Coefficient Time Histories for Potential
Sliding Masses along Cut Slope behind ISFSI Pad

Calculation No.: GEO.DCPP.01.25

Revision No.: 1

Calculation Author: Zhi-Liang Wang

Calculation Date:  12/13/01

PURPOSE

As required by Geomatrix Consultants, Inc. Work Plan entitled, “Laboratory Testing of Soil
and Rock Samples, Slope Stability Analyses, and Excavation Design for Diablo Canyon Power
Plant Independent Spent Fuel Storage Installation Site,” the purpose of this calculation package
is to provide the seismic response of the DCPP ISFSI slope and seismic coefficient time

histories for potential sliding masses identified in calculation package GEO.DCPP.01.24.

ASSUMPTION

1. Response time histories of the potential sliding wedges can be approximated by averaging
an appropriate number of nodal time histories within the wedge. This is a reasonable
assumption because the material is stiff enough that the response of the rock wedge is very

similar to the input time history.

INPUT

1. Five sets of rock motions originating on the Hosgri fault: Transmittal from PG&E
Geosciences dated September 28, 2001 (Attachment 1).

2. Direction of down-slope movement along Section I-I’: Transmittal from William Lettis &
Associates dated August 3, 2001 (Attachment 2).

3. Orientation (azimuth) of the strike of the Hosgri fault: Transmittal from William Lettis &
Associates dated August 23, 2001 (Attachment 3).

4. Direction of positive fault parallel component on Hosgri fault: Transmittal from PG&E
Geosciences dated October 18, 2001 (Attachment 4).

5. Rotated motions from set 1 and set 5, from calculation package GEO.DCPP.01.26.

1:\Project\6000s\6427.006\geo.depp.01.25\Revision IN\GEO.DCPP.01.25-RV-1.doc Page 1 of 48
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CALCULATION PACKAGE GEO.DCPP.01.25

b * REVISION 1

Dynamic Properties for Finite Element Analyses

Properties required for the dynamic finite element analyses include the unit weight, shear
modulus at low shear strain, Gmay, and relationships describing the modulus reduction and

damping ratio increase with increasing shear strains.

Uniformity of materials

In the stability analyses (see calculation package GEO.DCPP.01.24), several material
properties and shear strength parameters were considered to compute factors of safety and yield
accelerations for potential sliding masses. Because of the existence of the clay beds, tension
crack zones, and other zones of discontinuities, the rock mass was treated as non-uniform
material for the purpose of stability analysis. For purposes of the seismic response of the slope,
the effects from these discontinuities were not considered significant, and the rock slope was
simulated as a rock profile having density and shear wave velocity that varied with depth, based

on field shear wave velocity measurements and laboratory unit weights.

Unit weight of rock mass
Unit weights of rock mass were based on field investigations for the ISFSI site as reported in

Attachment No.5.

Shear Wave Velocity and Shear Modulus at Low Strain

Shear modulus values at low strain can either be measured in the laboratory using resonant
column tests or obtained from field measurements of shear wave velocity. When available,
estimates of Gmax based on field measurements of shear wave velocity are preferable to
laboratory test data. The shear modulus at low strain is related to the shear wave velocity by

the following relationship:
Gun =L (V)
g

where: Guax = shear modulus at low strain

¥ = unit weight of material
g = acceleration due to gravity
Vs = shear wave velocity

[:\Project\60005\6427.006\geo.depp.01.25\Revision NGEO.DCPP.01.25-RV-1.doc Page 2 of 48
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CALCULATION PACKAGE GEO.DCPP.01.25
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Results of shear wave velocity measurements performed at the power block area were
presented in the Long Term Seismic Program report (PG&E, 1988). Additional shear wave
velocity measurements were made in the slopes behind the ISFSI pad during the current
investigation. The results of these field measurements are presented in calculation package
GEO.DCPP.01.21. A copy of the average shear wave velocity with depth in two borings behind
the ISFSI slope is shown in Attachment 5. Based on the results of these investigations, a shear
wave velocity distribution with depth was selected for use in the dynamic analyses, and is

shown on the finite element mesh on Figure 6.

Modulus Reduction and Damping Relationships with Strain

In the iterative equivalent-linear procedure used in QUADA4M, relationships of the variation of
modulus reduction factor and damping ratio with shear strain are used to select strain-
compatible shear moduli and damping ratios for each element. The variation of shear modulus
reduction factor and damping ratio with shear strain for rock in the vicinity of the power block
area was estimated on the basis of cyclic triaxial and resonant column tests performed on rock
cores in 1978, as presented in Attachment 5. The data are presented on Figures 7 and 8 for the
modulus reduction factor and damping ratio, respectively. The modulus reduction curve shown
on Figure 7 from the manual of the SHAKE program was selected for the current analysis,
which roughly corresponds to the median value of the range obtained from the rock core tests.
For the variation of damping ratio with shear strain, the curve defining the lower bound of the

shaded zone for the DCPP rock was selected for use in the current analysis.

METHODOLOGY

Earthquake-induced seismic coefficient time histories (and their peak values, knmay) for the
potential sliding surfaces were computed using the two-dimensional dynamic finite element
analysis program QUAD4M (Hudson and others, 1994). This is a time-step analysis that
incorporates a Rayleigh damping approach and allows the use of different damping ratios in

different elements. The program QUAD4M was verified in calculation package
GEO.DCPP.01.34.

The program uses equivalent-linear, strain-dependent modulus and damping properties and an

iterative procedure to estimate the non-linear strain-dependent soil and rock properties.

[\Project\60005\6427.006\geo.dcpp.01.25\Revision I\NGEOQ.DCPP.01.25-RV-1.doc Page 3 of 48
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Selection of Input Motions

Geosciences Department of PG&E developed five sets of possible earthquake rock motions for
the ISFSI site (see Attachment No. 1 as confirmed in Attachment 6) to be used as input to the
analysis. These motions are estimated to originate on the Hosgri fault about 4.5 km west of the
plant site. Both fault normal and fault paralle] components were determined for each of the five
sets of motions. The fault parallel component incorporated the fling effect; its positive direction
was specified in the southeasterly fault direction (see Attachment No. 3 as confirmed in
Attachment 5). The fault normal component has a direction normal to the fault, and its polarity
can be either positive or negative depending on the assumed location of the initiation of the
rupture. Based on Attachments 2 and 3 as confirmed in Attachment 7, the best estimate of the
direction of movement along cross section I-I” (as shown in Figure 1) is 36 + 10 degrees
(counter-clockwise) from the direction of the strike of the Hosgri fault (i.e., to the southeast;
see Attachment No. 2). The value of 10 degrees is used to address the uncertainties associated
with the relative orientation between the fault and the analytical section. The fault normal
component can be at + 90 degrees from fault parallel direction, that is 36+90 = 126 (or 36-90 =
-54) degrees from the direction of section I-I’. From these relations, the ground motion
component along section I-I’ can be determined from the specified components along the fault
normal and fault parallel directions. The component along section I-I" will be referred to as the

rotated component.

The rotated component along section I-I’ direction is the sum of the projections of the fault

normal and fault paralle] components along the direction of section I-I’. The formulation is as

follows:
I = F, cos(¢) + F), sin(¢)
and

II" = F,cos(¢) — F, sin(¢)

in which the Fp and Fy are fault parallel and fault normal components of the acceleration time
histories, /I* is the component along section I-I’ (for a positive fault normal component), and
II- is the component along section I-I’ (for a negative fault normal component). ¢1s the angle
between the up-slope direction of section I-I’ and the fault parallel direction (southeast). The

five sets of earthquake motions on the Hosgri fault are now rotated to earthquake motions along

1:\Project\6000s\6427.006\geo.depp.01.25\Revision I\GEO.DCPP.01.25-RV-1.doc Page 4 of 48
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the up-slope direction of cross section I-I’. For a specified angle between section I-[" and the
fault direction, there are 10 rotated earthquake motions along I-I’ direction, because for each set

the positive and negative directions of the fault normal component were considered separately.

The response of the slope was computed using, as input, control motions specified at the
horizontal ground surface in the free field, approximately 800 feet from the toe of the slope.
The originally developed five sets of potential earthquake motions all fit the ISFSI design
spectrum. These motions were first rotated to the direction of cross section I-I" as described
above. Then, approximate earthquake-induced displacements initially were computed for each
set using a rigid sliding block model based on the Newmark approach (see calculation package
GEO.DCPP.01.26). The two sets of rotated motions that produced the highest deformation in
the rigid sliding block analysis (based on Table 1 of GEO.DCPP.01.26) were selected as input
motions for the two-dimensional dynamic response analyses. These two sets of rotated motions
were from set 1 and set 5 as described in calculation package GEO.DCPP.01.26. The
acceleration time histories of these two motions are presented in Figures 2 and 3 for set 1 and
set 5 motions, respectively. The corresponding velocity and displacement time histories are
shown in Figures 4 and 5. The positive values indicate motions in the up-slope direction of the
section I-I’, that is estimated to be, at most, 46 degrees (counter-clockwise) from the direction

of the strike of the Hosgri fault.

Because the base of the finite element mesh is at a depth of 300 feet, and because the
QUADA4M program allows the input motion to be applied only at the base, the base motion was
first computed by deconvolving the surface ground motion. The control motions specified at
the ground surface (in the free field beyond the toe of the slope) were deconvolved using a one-
dimensional wave propagation analysis SHAKE (Geomatrix version, 1995; see “Software”
section) to obtain motions at the level of the base of the two-dimensional finite-element model.
Calculation package GEQ.DCPP.01.34 shows that, when using the base motion developed
from SHAKE, the program QUAD4M can produce reasonably similar surface ground motions
in the free field. This calculation package verified that the deconvolved motions could be
specified as input (outcropping) motions at the base of the two-dimensional model. The rock
below this depth was modeled as an elastic half-space that has the same shear wave velocity as

the rock just above it.

[:\Project\60005\6427.006\geo.dcpp.01.25\Revision NGEO.DCPP.01.25-RV-1.doc Page 50f48
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Finite Element Model and Boundary Conditions

A finite element representation of the slope at ISFSI site along cross section I-I” is shown on
Figure 6. The minimum thickness of the mesh layer (8 feet) was selected to allow propagation
of shear waves having frequencies up to 25 Hz. The bedrock underlying the slope was
modeled to a depth of about 300 feet below the horizontal free field near the toe of the slope.
The base of the finite element mesh is treated as an elastic half-space. For the nodes at the two
lateral boundaries, the dynamic displacement is allowed in the horizontal direction only when
the horizontal input motion is applied at the base. In order to avoid unrealistic reflections from
the lateral boundaries, we extended the lateral boundaries horizontally to a signiticant distance
from the ISFSI site. Because the response is needed only at the specified potential sliding
masses (located between the toe and about two-thirds the height of the slope), the laterally
extended portion of the mesh does not accurately match the topography beyond these locations.
The extended boundary was used only to improve the numerical accuracy of the response in the

immediate vicinity of the slope, and not to model the response of the entire hillside.

SOFTWARE
The computer program QUAD4M was verified in calculation package GEO.DCPP.01.34.

The computer program SHAKE (modified by Geomatrix, 1995) was used to compute base
motions in this calculation package. SHAKE originally was developed at the University of
California, Berkeley (Schnabel, Lysmer, and Seed, 1972). Geomatrix modified the code to
increase the sizes of arrays to accommodate more time history data points and more layer
numbers. To verify the accuracy of the modified version of SHAKE (Geomatrix, 1995), we
also applied two other independently modified versions of SHAKE. These two versions are
SHAKZE91, modified by the University of California, Davis (Idriss and Sun, 1991), and
SHAKE96S, modified by Intematiohal Civil Engineer Consultants (ICEC, 1995). SHAKES6S
was independently verified by ICEC using the theoretical methods documented in Tseng and
Hamasaki (1996). A test was performed involving deconvolution of ground motions using the
design ground motions (with peak acceleration close to 1g) and the analytical profile developed
for the ISFSI site. The maximum difference between the three deconvolved motions obtained

using the three versions of SHAKE was on the order of 10"%, demonstrating that the results

I\Project\60005\6427.006\geo.dcpp.01.25\Revision 1\GEO.DCPP.01.25-RV-1.doc Page 6 of 48
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from SHAKE (Geomatrix, 1995) were appropriate for use in this project. The results of these

verification runs are included on the enclosed compact disc.

ANALYSIS

The results of the dynamic analyses provide a distribution of the earthquake-induced
accelerations and stresses within all elements of the modeled slope profile (cross section I-I’).
Using the rotated input motion developed from sets 1 and 5, computed peak accelerations along
the slope surface are presented on Figure 9. Contours of computed peak acceleration within the
slope, using input motion sets 1 and S, are shown on Figure 10 and 11, respectively.
Acceleration time histories were calculated for a total of 26 locations within three potential
sliding masses (namely 1b, 2¢, and 3c), as shown in Figure 12. These sliding masses have the
least computed yield accelerations among potential sliding masses along the various clay beds
within the slope, as shown in GEO.DCPP.01.24. The locations of these potential sliding masses
are presented on Figure 12. Average acceleration time histories were estimated for each mass
(using the acceleration time histories computed at locations inside the three masses) and are

presented in Figure 13 and 14 for input motion sets 1 and 5, respectively.

Section I-I” is oriented 36 degrees from the direction of the Hosgri fault strike, and its highest
elevation is about 750 feet. In order to investigate the sensitivity of the computed seismic
response to the variations in the orientation of the section analyzed, a cross section was selected
that has an orientation slightly different from that of I-I’. This section basically is along the
ridge of the slope behind the ISFSI site, and extends as high as 1100 feet in elevation, whereas

section I-1’ levels out at elevation 750 feet.

The computed peak surface accelerations are presented in Figure 15 for input motion set 1.
Figure 15 shows that the differences in terms of peak surface accelerations between the two
sections in the zone of interest are not significant. This result shows that the computed seismic
responses are not sensitive to slight changes in the orientation of section I-I’, or in the total

height of the hillside included in the analysis.
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RESULTS

The computed peak surface accelerations indicate some amplification (up to 35%) along the
up-slope direction for set 5 motions, as shown on Figure 9. The amplification effects for set 1
are not significant. The computed peak acceleration contours (as shown on Figures 10 and 11)
indicate a decrease in accelerations with depth below the slope. The calculated average
accelerations for potential sliding mass 1b show a slight increase qompared with the input
motion due to the amplification effect at the slope surface, while the deeper sliding masses 2c¢
and 3¢ show a slight decrease due to the reduction of peak accelerations with depth. The
waveforms of the computed average acceleration (as shown on Figures 13 and 14) are generally
similar to the input motions shown in Figures 2 and 3. This is because the material of the slope

is composed basically of rock mass with relatively high shear wave velocities.
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Figure 1. Orientations of Section |-I' and Hosgri Fault.
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P.0. Box 770000 <
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415/973-2792
Fax 415/973-5778

Dr. Faiz Makdisi
Geomatrix Consultants
2101 Webster Street
Qakland, CA 94612

September 28, 2001

" Re: Confirmation of transmittal of inputs for DCPP ISFSI slope stability analyses

DR. MAKDISI:

This is to confirm transmittal of inputs related to slope stability analyses you are
scheduled to perform for the Diablo Canyon Power Plant (DCPP) Independent Spent
Fuel Storage Installation (ISFSI) under the Geomatrix Work Plan entitled "Laboratory
Testing of Soil and Rock Samples, Slope Stability Analyses, and Excavation Design
for the Diablo Canyon Power Plant Independent Spent Fuel Storage Installation Site. "

Inputs transmitted include:

Drawing entitled "Figure 21-19, Cross Section I-I'," dated 9/27/01, labeled "Draft,"
and transmitted to you via overnight mail under cover letter from Jeff Bachhuber of

WLA and dated 9/27/01.

Time histories in Excel file entitled "time_histories_3comp_revl1.xls," dated
8/17/2001, file size 3,624 KB, which I transmitted to you via email on 8/17/2001.

Please confirm receipt of these items and forward confirmation to me in WrIting .
Please note that both these inputs are preliminary until the calculations they are part
of have been fully approved. At that time, I will inform you in writing of their

status. These confirmation and transmittal letters are the vehicles for referencing
input sources in your calculations.
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Although the Work Plan does not so state, as you are aware all calculations are
required to be performed as per Geosciences Calculation Procedure GEO.001,
entitled "Development and Independent Verification of Calculations for Nuclear
Facilities," revision 3. All of your staff assigned to this project have been previously

trained under this procedure.

I am also attaching a copy of the Work Plan. Please make additional copies for
members of your staff assigned to this project, review the Work Plan with them, and
have them sign Attachment 1. Please then make copies of the signed attachment and

forward to me.

If you have any questions, feel free to call.

Thanks.

{2 b LS

ROBERT K. WHITE
Attachment

cc: Chris Hartz
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William Lettis & Assaociates, Inc.

MEMU Y U‘W{??? Botelho Drive, Suite 262, Walnut Creek, California 94596
Voice: (925) 256-6070  PAX: (925) 256-6076

TO: Dr. Faiz Makdisi - Geomatrix Consultants, Inc.
FROM: Jeff L. Bachhuber - William Lettis & Associates, Inc.
DATE: August 3, 2001

RE: Ground Motjon Directional Components

FAIZ:

At the request of Robert K. White of PG&E Geosciences Department, we prepared this
memorandum that documents our review of ground motion directional components for
slope stability analyses at the PG&E DCPP ISFSI site. It is our understanding that you
will be rotating ground motions developed by PG&E to the best-estimated downslope
failure direction and require an ‘appropriatc rotation angle from the Hosgri fault parallel
direction.

Based on our geologic characterization, the most likely slope failure direction would be
along cross section I-I' on the attached figure 21-3, or along an azimuth orientation of
about 302° £10°. We believe that this value is conscrvatively realistic.

Please call me if you have any questions or require further input for this issue.

Cc: Rob White/Bill Page - PG&E Geosciences

1
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William Lettis & Associates, Inc.

1777 Batelho Drive, Sulte 262, Walnut Creek, California 94536
Yoice: (925) 256-6(70 FAX: (925) 256-6076

MEMORANDUM

TO: Dr. Faiz Makdisi - Geomatrix Consultants, Inc.
FROM: Jeff L. Bachhuber - William Lettis & Associates, Inc.
DATE: Angust 23, 2001

RE: Revised Estimates for Hosgri Fault Azimuth, DCPP ISFSI Project

FAIZ:

This memorandum provides a revised strike azimuth of 338° for the Hosgri fault for
evaluation of ground motion directional components for slope stability analyses at the
PG&E DCPP [SFSI site. The revised azimuth presented in this memorandum supercedes
the previous estimated azimuths (328° to 335°) presented in our memorandum dated
August 8, 2001, and is based on a re-evaluation of fault maps in the PG&E LTSP (1988),
and ISFSI project Calculation Package GEO.01.21,

The revised estimated average strike for the Hosgri fault nearest the ISFSI site (between
Morro Bay and San Luis Bay) is 338°. Figure 21-23 of Calculation Package GEO.01.21,
which previously showed an azimuth of 340° for the Hosgri fault, will be revised to
correspond to this re-interpreted average strike. Discrete faults and local reaches of the
fault zone exhibit variations in strike azimuth between about 328° and 33%°, but the
average overall strike of 338° is believed to be the best approximation for the ground
motion modeling,

Please call me if you have any questions or require further input for this issue.

(A

Jeff Bachhuber

Cc: Rob White/Bill Page - PG&E Geosciences
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Calc Number: GEO.DCPP.01.14
Rev Number: 1

Sheet Number: 4 of 26

Date: 10/12/01

6. BODY OF CALCULATIONS

Step 1: S-wave arrival times
The approximate arrival times of the S-waves is estimated by visual inspection of the
velocity time histories (Figures 1, 2, 3, 4, and 5). The selected arrival times are listed in

Table 6-1.

Table 6- 1. Time of Fling

Set | Reference Time History | Approximate | Armival Time | Polarity*
Arrival time of | of fling (t;)
: S-waves (Sec) '
1 Lucerne 8.0 7.1 -1
2a | Yarimca 9.0 8.5 -1
3 LGPC 4.0 3.4 -1
5 El Centro (1940) 1.5 0.0 1
6 Saratoga " 45 3.7 -1

* The polarity is applied to the fault parallel time history from calculations
GEOQ.DCPP.01.13 (rev 1) to cause canstructive interference between the S-wave and the

fling-(eq. 5-2).

A fling arrival time is selected by visual inspection of the interference of the velocity of
the transient motion and the fling (Figures 1, 2, 3, 4, and 5). The selected fling arrival
time are listed in Table 6-1.

Since DCPP is on the east side of the Hosgri fault and the fault has right-lateral slip, the
permanent tectonic deformation at the site will be to the southeast. In the time histories
the fling has a positive polarity. Since the tectonic deformation will be to the southeast,
the positive direction of the fault parallel time history is defined to the southeast.

'Y

Step 2: Fling Time History . '
Using the values of A, ©, and Ty, given in input 4-1, and the values oft; given in Table

6-1, the fling time history is determined using eq. (5-1). The computed fling time
histories for the S sets are shown in Figures 1, 2, 3, 4, and S.
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i 1 Geosciences N
Pacific Gas and Electric Company 245 Market Street, Room 4188 GEO.DCPP.O1. 2 5
Mail Code N4C
P.O. Box 770000 4
San Francisco, CA 94177 REVISION i

415/973-2792
Fax 415/973-3778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

October 25, 2001

Re: Input parameters for calculations

DR. MAKDISEL:

As required by Geosciences Calculation Procedure GEOQ.001, entitled "Development
and Independent Verification of Calculations for Nuclear Facilities," rev. 4, I am
providing you with the following input items for your use in preparing calculations.

1. The shear wave velocity profiles obtained in borings BA98-1 and BA98-3 in 1998
are presented in Figure 21-42, attached, of Calculation GEO.DCPP.01.21,
entitled "Analysis of Bedrock Stratigraphy and Geologic Structure at the DCPP
ISFSI Site," rev. 0, and can be so referenced. These profiles were previously
presented in Figure 10 of the WLA report entitled "Geologic and Geophysical
Investigation, Dry Cask Storage Facility, Borrow and Water Tank Sites," dated

January 5, 1999.

2. The average unit weight of rock obtained from the hillside has been determined to
be 140 pounds per cubic foot, as documented in a data report entitled "Rock
Engineering Laboratory Testing - GeoTest Unlimited.”

3. Regarding the time histories provided to you on 8/17/01, since the tectonic
deformation will be to the southeast, the positive direction of the fault parallel
time history is defined as to the southeast, as described in Geosciences Calculation
GEO.DCPP.01.14, entitled "Development of Time Histories with Fling," rev. 1,

page 4.

4. The source of the shear modulus and damping curves are Figures Q19-22 and
Q19-23, attached, from PG&E, 1989, Response to NRC Question 19 dated
December 13, 1988, and can be so referenced.

Regarding format of calculations, please observe the following:

PAGE 577 OF 48
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Faiz Makdisi Input parameters for calculations

GEO.DCPP.01. ©

Contents of CD-ROMs attached to calculations should be listed in the calcul Lt_?l? ION 1
including title, size, and date saved associated with each file on the CD-ROML %f?e

number of files is considerable, a simple screen dump of the CD-ROM contents is
sufficient.

If you have any questions regarding the above, please call me.

IZ\,wr 1 Gk

ROBERT K. WHITE

Artachments:

. PAGE 98 OF 48
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Calculation 52.27.100.735, Attachment A, Page 4% of 51

_ -
GEO.DCPP.01. 4 9
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REVISION 1
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Figure Q19-22

Variation of shear modulus with shear strain for the site rock based on 1978 laboratory test data.
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GEO.DCPP.01.69) 5,
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Figure Q19-23
Variation of damping ratio with shear strain for the site rock based on 1977 laboratory test data.
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1 i Geosciences -
Pacific Gas and Electric Company 245 Market Street, Room 418B GEO.DCPP.01. & 5
Mail Code N4C
P.0O. Box 770000
San Francisco, CA 94177 REVISION 1

415/973-2792
Fax 415/973-5778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

October 31, 2001
Re: Confirmation of preliminary inputs to calculations for DCPP ISFSI site
DR. MAKDISI:

A number of inputs to calculations for the DCPP ISFSI slope stability analyses have
been provided to you in a preliminary fashion. This letter provides confirmation of
those inputs in a formal transmittal. A description of the preliminary inputs and their
formal confirmation follow.

Letter to Faiz Makdisi from Rob White dated June 24, 2001. Subject:
Recommended rock strength design parameters for DCPP ISFSI site slope
stability analyses.

This letter recommended using ¢ = 50 degrees for the preliminary rock strength
envelope in your stability analyses, and indicated that this value would be confirmed
once calculations had been finalized and approved. Calculations GEO.DCPP.01.16,
rev. 0, and GEO.DCPP.01.19, rev. 0, are approved and this recommended value is
confirmed.

Letter to Faiz Makdisi from Rob White dated September 28, 2001. Subject:
Confirmation of transmittal of imputs for DCPP ISFSI slope stability analyses.

This letter provided confirmation of transmittal of cross section I-I' and time histories,
and indicated that these preliminary inputs would be confirmed once calculations had
been approved. Calculation GEO.DCPP.01.21, rev. 0, is approved and section [-I' as
described in the September 28 letter is confirmed. A copy of the figure from the
approved calculation is attached. Calculations GEO.DCPP.01.13, rev. 1, and
GEO.DCPP.01.14, rev. 1, are both approved and time histories as described in the
September 28 letter are confirmed. A CD of the time histories from the approved
calculations is attached.

ler2fm3.doc:rkw:10731/01
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Faiz Makdisi Confirmation of preliminary inputs to calculations for DCPP ISFSI site

GEO.DCPP.01.2 5 REVISION

Email to Faiz Makdisi from Joseph Sun dated October 24, 2001. Subject:
Ground motion parameters for back calculations.

This email provided input for a back calculation to assess conservatism in clay bed
properties in the slope. Inputs included maximum displacement per event of 4 inches
and a factor of 1.6 with which to multiply ground motions for use in the back
calculation analysis. This letter confirms those input values, with the following
limitation: these values have not been developed under an approved calculation,
therefore should not be used to directly determine clay bed properties for use in forward
analyses, but may be used for comparative purposes only, to assess the level of
conservatism in those clay bed properties determined in approved calculations

Letter to Faiz Makdisi from Jeff Bachhuber dated October 10, 2001. Subject:
Transmittal of Revised Rock Mass Failure Models — DCPP ISFSI Project.

This letter provided you with figures indicating potential rock mass failure models as
superimposed on section I-I'. This letter confirms PG&E approval to use these models
in your analyses. These figures are labeled drafts and are currently being finalized ina

revision to Calculation GEO.DCPP.01.21. Once this revision and the included figures
have been approved, I will inform you in writing of their status.

ROBERT K. WHITE

Attachments
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245 Market Street, Room +18B

Mail Code N4C <
P.O. Box 770000 GEO.DCPP.01. & O
San Francisco, CA 94177

415/973-2792
Fax 415/973-5778 REVISION 1

Pacific Gas and Electric Company Geosciences

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

November 1, 2001
Re: Confirmation of additional inputs to calculations for DCPP ISFSI site

DR. MAKDISI:

Additional inputs to calculations for the DCPP ISFSI slope stability analyses have been
provided to you by Jeff Bachhuber of William Lettis Associates. This letter provides
confirmation of our acceptance of those inputs in a formal transmittal. A description of
those additional inputs and their formal acceptance follow.

Letter to Faiz Makdisi from Jeff Bachhuber dated August 3,2001. Subject:
Ground Motion Directional Components.

This letter recommended using an azimuth of 302 degrees plus or minus 10 degrees for
the orientation of the most likely failure surfaces, coinciding with Section I-I'. We
concur with this recommendation based on the discussion on page 53 of the approved
Calculation GEO.DCPP.01.21, rev. 0, and verification of the orientation of Section I-I'

on Calculation Figure 21-4, attached.

Letter to Faiz Makdisi from Jeff Bachhuber dated August 23, 2001. Subject:
Revised Estimates for Hosgri Fault Azimuth, DCPP ISFSI Project.

This letter recommended using an azimuth of 338 degrees for the orientation of the
average strike of the Hosgri fault. We concur with this recommendation, based on

verification of the orientation as presented in the LTSP plates and as shown on
Figure 21-36, attached, of Calculation GEO.DCPP.01.21, rev. 0.

D PN \7 U(,—‘\ 71' L
ROBERT K. WHITE

Attachments .~ .
PAGE 4 OF 4§
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CALCULATION PACKAGE GEO.DCPP.01.26
REVISION 1

Calculation Title:  Determination of Earthquake-Induced Displacements
of Potential Sliding Masses on DCPP ISFSI Slope

Calculation No.: GEO.DCPP.01.26

Revision No.: 1

Calculation Author: Zhi-Liang Wang

Calculation Date:  12/13/01

PURPOSE

As required by Geomatrix Consultants, Inc. Work Plan entitled, “Laboratory Testing of Soil
and Rock Samples, Slope Stability Analyses, and Excavation Design for Diablo Canyon Power
Plant Independent Spent Fuel Storage Installation Site,” the purpose of this calculation package
is to estimate eaﬂhﬁuake-induced permanent displacements of potential sliding masses (on the

cut slope behind the ISFSI pad) using Newmark-type analyses.

ASSUMPTIONS
Not applicable.

INPUT

1. Five sets of rock motions originating on the Hosgri fault: Transmittal from PG&E
Geosciences dated September 28, 2001 (Attachment 1).

2. Direction of down slope movement along Section I-I’: Transmittal from William Lettis &
Associates dated August 3, 2001 (Attachment 2).

3. Orientation (azimuth) of the strike of the Hosgri fault: Transmittal from William Lettis &

- Associates dated August 23, 2001 (Attachment 3).

4. Direction of positive fault parallel component on Hosgri fault: Transmittal from PG&E
Geosciences dated October 18, 2001 (Attachment 4).

5. Yield accelerations and locations for potential sliding masses from calculation package
GEO.DCPP.01.24, revision 1.

6. Average acceleration time histories in potential sliding masses from calculation package

GEO.DCPP.01.25, revision 1.

C:ADATA\rkw_active\PWRPLTS\DCPP\Drycask\calculations\calc_01.26\GEOQ.DCPP.01.26-rev!.doc Page 1 of 46
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METHODOLOGY

Development of Rotated Motions along Section [-I

Geosciences Department of PG&E developed five sets of possible earthquake rock motions for
the ISFSI site (see Attachment 1 as confirmed in Attachment 6) to be used as input to the
analysis. These motions are estimated to originate on the Hosgri fault about 4.5 km west of the
plant site. Both fault normal and fault parallel components were determined for each of the five
sets of motions. The fault parallel component incorporated the fling effect and its positive
direction was specified in the southeasterly fault direction (see Attachment No. 4 as confirmed
in Attachment 5). The fault normal component has a direction normal to the fault strike, and its
polarity can be either positive or negative depending on the assumed location of the initiation
of the rupture. Based on Attachments 2 and 3 as confirmed in Attachment 7, the best estimate
of up-slope direction along cross section I-I” (as shown in Figure 1) is 36 degrees (counter-
clockwise) from the direction of the strike of the Hosgri fault. (i.e., to the southeast). The fault
normal component can be at + 90 degrees from the fault parallel direction, that is 36+90 = 126
(or 36-90 = -54) degrees from the direction of section [-I’. From these relations, the ground
motion component along section I-I” can be determined from the specified components along
the fault normal and fault parallel directions. The component along section I-I” will be referred

to as the rotated component.

The rotated component along the direction of section I-I’ direction is the sum of the projections
of the fault normal and fault parallel components along the direction of section I-I’. The

formulation 1s as follows:
II'" = F, cos(@) + F}, sin(¢)
and

II” = F, cos(¢) - F, sin(¢)

in which the F» and Fy are fault parallel and fault normal components of the acceleration time
histories, /I" is the component along section I-I” for the positive fault normal component, and
IT is the component along section I-I” for the negative fault normal component. ¢ is the angle
between the up-slope direction of section I-I’ and the fault parallel direction (southeast). The

five sets of earthquake motions on the Hosgri fault now are rotated to earthquake motions along

\\oak | \deptdata\Project\60005\6427.006\geo.depp. 01 .26\Revision 1I\GEOQ.DCPP.01.26-RV-1.doc Page 2 of 46
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the up-slope direction of cross section I-I’. For a specified angle between section I-I’ and the
fault direction, there are 10 rotated earthquake motions along the I-I” direction, because the

positive and negative directions of the fault normal component were considered separately.

Procedures for Calculation of Permanent Displacement

The procedure used to estimate permanent displacements involves the following steps.

1. A yield acceleration, ky, at which a potential sliding surface would develop a factor of
safety of unity, is estimated using limit equilibrium, pseud'o-static slope stability
methods. The yield acceleration depends on the slope geometry, the ground water
conditions, the undrained shear strength of the slope material, and the location of the
potential sliding surface. The analyses are presented in calculation package

'GEO.DCPP.01.24.

2. The seismic coefficient time history (and the maximum seismic coefficient, Kyax)
induced within a potential sliding mass is estimated using two-dimensional dynamic
finite element methods. The seismic coefficient is the ratio of the force induced by an
earthquake in a sliding block to the total mass of that block. Alternatively, the seismic
coefficient time history can be obtained directly by averaging acceleration values from
several different finite elements within the sliding block at each time interval. These
analyses are presented in calculation package GEO.DCPP.01.25.

3. For a specified potential sliding mass, the seismic coefficient time history for that mass
is compared with the yield acceleration, ky. When the seismic coefficient exceeds the
yield acceleration, down-slope movement will occur along the direction of the assumed
failure plane. The movement will decelerate and will stop after the level of the induced
acceleration drops below the yield acceleration, and the relative velocity of the sliding
mass drops to zero. The accumulated permanent down-slope displacement is calculated
by double-integrating the increments of the seismic coefficient time history that exceed

the yield acceleration. The results of these computations are presented below.

SOFTWARE
The program DEFORMP was validated in GEO.DCPP.01.35 and used in this package for the

displacement computation.

C:ADATAVkw_active\PWRPLTS\DCPP\Drycask\calculationstcalc_01.26\GEQ.DCPP.01.26-rev1.doc Page 3 of 46
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ANALYSIS

Because the slope at the ISFSI site is a rock slope, and its seismic response is anticipated to be
generally similar to the input rock motions, the earthquake-induced deformation was first
estimated using a Newmark-type analysis for a sliding block on a rigid plane. An estimated
yield acceleration of 0.20g (based on estimates from calculation package GEO.DCPP.01.24)
was used to calculate the deformation of the sliding block. The displacement was computed for
the negative direction (representing down-slope movement) only. The permanent down-slope
displacement of the sliding block was integrated by using the input rock motions in the positive
direction (representing the up-slope direction) only. These preliminary displacement estimates
were used to help in selecting the ground motion time histories that provided the largest

permanent displacement.

Table 1 shows the calculated down-slope permanent displacements (for the five sets of rotated
rock motions) using the program DEFORMP, following the Newmark rigid block approach
described above. Details of the DEFORMP calculations, including the input and output files,
are included in the enclosed compact disc labeled GEO.DCPP.01.26, December 13, 2001. The
results (for =36 degrees) indicate that, on average, ground motion sets 1, 3, and S provided the
largest displacements (2.9 feet to 2.4 feet). A sensitivity analyses was performed to evaluate the
effect of the uncertainty in the direction of section I-I’ relative to the fault strike. For this
analysis ¢ was varied by + 10 degrees. As shown in Table 1, for ¢ = 46 degrees, ground motion
set 1 (with a negative fault normal component) and set 5 (with a positive fault normal
component) produced the largest displacements (3.3 feet and 2.8 feet, respectively). This is
because the fault normal components are stronger than the fault parallel components in most
cases, and for ¢ = 46 degrees, the I-I” direction is closer to the fault normal direction. Set 3
motion, when combined with the negative fault normal component, produced 2.8 feet of
displacement; however, when combined with the positive fault normal component, it produced

much smaller displacement than did set 5.

Based on the above rigid sliding block analyses, two rotated ground motions, set 1 motion

(rotated 46 degrees with a negative fault normal component) and set 5 motion (rotated 46

\oak 1\deptdata\Project\60005\6427.006\geo.dcpp.01 26\Revision IN\GEOQ.DCPP.01.26-R V-1 .doc Page 4 of 46
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degrees with a positive fault normal component), were used in the two-dimensional finite

element analyses as described in calculation package GEO.DCPP.01.25

TABLE 1.
DOWN-SLOPE DISPLACEMENT CALCULATED BASED ON
ROTATED INPUT MOTIONS ALONG SECTION [-I’
(DISPLACEMENT UNIT: FEET; YIELD ACCELERATION: 0.2g)

Set No. | Description | Polarity | Ky=0.20
|-|36 |‘|46 I‘IZG
Set 1 Lucerne FN- 2.9 3.3 2.5
FN+ 1.4 1.4 1.5
Set 2a Yarimca FN- 2.4 2.8 1.8
FN+ 1.2 1.4 1.1
Set 3 LGPC FN- 25 2.8 2.3
FN+ 1.3 1.2 14
Set5 El Centro FN- 2.2 2.6 1.8
FN+ 24 2.8 2.1
Set 6 Saratoga FN- 0.9 1.1 0.8
FN+ 0.9 1.0 0.8

RESULTS

Earthquake-Induced Displacements of Existing Slope

The results of stability analyses were reported in calculation package GEO.DCPP.01.24. Using
the potential sliding masses having the lowest yield accelerations (namely 1b, 2c, and 3c¢), the
potential for permanent displacements was evaluated using the concept of yield acceleration

proposed by Newmark (1965) and modified by Makdisi and Seed (1978) as described above.

The potential sliding masses and the node points where the computed acceleration time
histories were used to develop average-acceleration time histories for each sliding mass are
presented in Figure 2. The computed average acceleration time histories for potential sliding
masses 1b, 2¢, and 3¢ are presented in Figures 3 and 4 for input motion sets 1 and 5,
respectively. The computed peak seismic coefficient, kmay, for the three potential sliding masses

are listed in Table 2. The values ranged between 0.80g and 0.98¢ for input motion set 1, and

\\oak 1\deptdata\Project\6000s\6427.006\geo.depp.01.26\Revision INGEO.DCPP.01.26-RV-1.doc Page 5 of 46



Calculation 52.27.100.736, Attachment A, Page 4_of 49

CALCULATION PACKAGE GEQ.DCPP.01.26
REVISION 1

between 0.61g and 0.75g for input motion set 5. As expected, the largest potential sliding mass

3c has the lowest peak seismic coefficient for both set 1 and set 5 motions.

The seismic coefficient time histories shown in Figures 3 and 4 were then double-integrated,
using the program DEFORMP, to obtain earthquake-induced displacements for any specified
yield acceleration. Details of these calculations, including the input and out files, are included
in the enclosed compact disc labeled GEO.DCPP.01.26. Note that the positive direction of the
rock motions (shown in Figure 1) is consistent with the coordinate system selected for the
dynamic analysis; i.e. the horizontal coordinate increases in the up-slope direction. As
mentioned before, the integration was made for the ground motion amplitudes exceeding the
yield acceleration in the positive direction only, and the resulting displacement was computed

for potential sliding in the down-slope direction.

The relationships between calculated displacement and yield acceleration, k, for each of the
three potential sliding masses considered are presented on Figures 5 and 6 for input motion sets
1 and 5, respectively. The normalized relationships between calculated displacement and yield
acceleration ratio, ky/kmax, for the three potential sliding masses considered are presented on

Figures 7 and 8 for input motion sets 1 and 5, respectively.

For the yield acceleration values listed in Table 2, the earthquake-induced down-slope
displacements for all the potential slip surfaces analyzed were estimated from Figures 5 and 6,
and are summarized in Table 2. Computed permanent displacements using set 1 motion as
input range from about 3.1 feet for sliding mass 1b, to about 1.4 feet for sliding mass 3c.
Computed displacements using ground motion set 5 as input were lower, ranging from 2.4 feet

for sliding mass 1b to about % foot for sliding mass 3c.

Sliding mass 1b (located in the upper portion of the slope) daylights at a horizontal distance of
about 400 feet from the toe of the cut slope behind the pad. As mentioned above, the estimated
displacements for this sliding mass ranged between 2.4 and 3.1 feet. Sliding mass 2¢ (located in
the middle portion of the slope) daylights about 100 feet from the toe. The estimated

displacements for this sliding mass ranged between 22 and 3 feet.

Woak I\deptdata\Project\6000s\6427.006\ge0.depp.01 26\Revision I\GEO.DCPP.01.26-RV-1.doc Page 6 of 46
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Considering the thickness and strength of the reinforced concrete pad, potential sliding mass 3¢
daylights between the edge of the pad and the toe of the cut slope. The computed displacements
for sliding mass 3¢ ranged between 0.6 and 2 feet. Two additional potential sliding masses
were analyzed in addition to 3c: sliding mass 3c-1, which daylights beyond the edge of the
[SFSI pad; and sliding mass 3c-2, which daylights at the first bench on the cut slope behind the
pad. The computed displacements for sliding mass 3c-1 ranged between 0.4 and 1.2 feet. For
sliding mass 3c¢-2, the computed displacements ranged between 0.8 and 2.0 feet, depending on
the input motion used in the analysis. Sliding mass 3c-2 daylights at a horizontal distance of

about 70 feet from the edge of the pad.

TABLE 2
COMPUTED DOWN-SLOPE DISPLACEMENTS
USING SET 1 AND SET 5 INPUT MOTIONS

Sliding Input Yield Acceleration, Peak Seismic Down-slope
Mass Motion ky, (2) Coefficient, kma, | Displacement, feet
Location (g)

1b Set 1 ) 0.20 0.98 3.1

2¢ Set 1 0.19 . 0.89 3.1

3c Set 1 0.25 0.81 1.4
3c-1 Set 1 0.28 0.80 1.2
3¢-2 Set 1 0.23 0.81 2.0

1b Set 5 0.20 0.75 2.4

2¢ Set 5 0.19 0.68 23

3¢ Set 5 0.25 0.61 0.6
3c-1 Set5 0.28 0.61 0.4
3¢-2 Set 5 0.23 0.62 0.8

Earthquake-Induced Displacements for Back-Analysis of Pre-excavated Slope Configuration

An approximate back-analysis was performed for the slope behind the ISFSI pad in its pre-
excavated (pre-1971) configuration to evaluate the level of conservatism in the assumed lateral
extent and the undrained strength of the clay beds underlying the slope. This analysis is

described in calculation package GEO.DCPP.01.24. Ground motions used in this analysis were

\\oak 1\deptdata\Project\6000s\6427.006\geo.depp.01 26\Revision 1IN\GEO.DCPP.01.26-RV-1.doc Page 7 of 46
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estimated by approximately scaling, by a factor of 1.6, the median-plus-one standard deviation
design ground motions already developed for the ISFSI site. The basis for such an estimate is
described in Attachment 8. Accordingly, two rotated input ground motions, set | and set 5,
were scaled by a factor of 1.6 and integrated to estimate earthquake-induced displacements for
various specified yield accelerations. The corresponding displacement-yield acceleration
relationships are presented in Figures 9 and 10 for input motion sets 1 and 3, respectively.
These displacement relationships were used to estimate appropriate yield accelerations that
were in turn used in the back-analysis described in calculation package GEO.DCPP.01.24. It
should be noted that the computed displacements shown in Figures 9 and 10 were estimated
using the scaled input motions only. The results of dynamic analyses (described in calculation
package GEO.DCPP.01.25) indicate that amplification effects of the excavated slope were not
significant. That is, the computed average acceleration time histories for potential sliding
masses within the slope were not significantly different from the input motions. Thus, using the
scaled input motion time histories to compute displacements for use in the approximate back-

analysis is considered reasonable and acceptable.
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ATTACHMENTS

I. 09/28/2001, PG&E Geosciences, Robert K. White, Re: Confirmation of transmitta) of
inputs for DCPP ISFSI slope stability analyses, pages 20 trough 22.

2. 08/3/2001, William Lettis & Associates, Inc., Jeff Bachhuber, Re: Ground Motion
Directional Components, pages 23 and 24.

3. 08/23/2001, William Lettis & Associates, Inc., Jeff Bachhuber, Re: Revised Estimates
for Hosgri Fault Azimuth, DCPP ISFSI Project, pages 25 and 26.

4, 10/18/2001, PG&E Geosciences, Joseph Sun, Re: Positive direction of the fault parailel
component time history on the Hosgri fault, pages 27 through 30.

5. 10/25/2001, PG&E Geosciences, Robert White, Re: Input parameters for calculations,
pages 31 through 36.

6. 10/31/2001, PG&E Geosciences, Robert White, Re: Confirmation of preliminary inputs
for DCPP ISFSI site, pages 37 through 39.

7. 11/1/2001, PG&E Geosciences, Robert White, Re: Confirmation of additional inputs to
calculations for DCPP ISFSI site, pages 40 through 43.

8. 12/13/01, PG&E Geosciences, letter from Robert White to Faiz Makdisi, Re:
Confirmation of ground motion parameters for back-calculations, pages 44 through 46.

ENCLOSURE

Compact disc labeled, “PG&E DCPP ISFSI, GEO.DCPP.01.24, Rev. 1; GEO.DCPP.01.25,
Rev. 1; and GEO.DCPP.01.26, Rev. 1, December 13, 2001,” and containing the input and

output files for computation of earthquake-induced displacements of potential sliding masses.
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Figure 1. Orientations of Section I-I' and Hosgri Fault.
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Figure 5. Permanent displacement versus yield acceleration from average
acceleration time histories (set 1 input motion).
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Figure 6. Permanent displacement versus yield acceleration from average
acceleration time histories (set 5 input motion).
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Figure 7. Permanentdisplacement versus yield acceleration ratio from average
acceleration time histories (set 1 input motion).
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Figure 8. Permanent displacement versus yield acceleration ratio from average
acceleration time histories (set 5 input motion).
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Figure 9. Permanent displacement versus yield acceleration from scalied input
acceleration time histories- rotated motion set 1
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Figure 10. Permanent displacement versus yield acceleration from scaled input
acceleration time histories- rotated motion set5.
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Calculation 52.27.100.736, Attachment A, Page 2% of 49

. ) oo
Pacific Gas and Electric Company . 0 creer, Room 4188 GEO.DCPP.01, % &
Mail Code N4C REVISION i

P.O. Box 770000
San Francisco, CA 94177 i
415/973-2792 i
Fax 415/973-5778

Dr. Faiz Makdisi
Geomatrix Consultants
2101 Webster Street
Oakland, CA 94612

September 28, 2001

Re: Confirmation of transmittal of inputs for DCPP ISFSI slope stability analyses

DR. MAKDISI:

This is to confirm transmittal of inputs related to slope stability analyses you are
scheduled to perform for the Diablo Canyon Power Plant (DCPP) Independent Spent
Fuel Storage Installation (ISFSI) under the Geomatrix Work Plan entitled "Laboratory
Testing of Soil and Rock Samples, Slope Stability Analyses, and Excavation Design
for the Diablo Canyon Power Plant Independent Spent Fuel Storage Installation Site."

Inputs transmitted include:

Drawing entitled "Figure 21-19, Cross Section I-I'," dated 9/27/01, labeled "Draft,"
and transmitted to you via overnight mail under cover letter from Jeff Bachhuber of

WLA and dated 9/27/01.

Time histories in Excel file entitled "time_hjstories_3comp_rev1 xls," dated
8/17/2001, file size 3,624 KB, which I transmitted to you via email on 8/17/2001.

Please confirm receipt of these items and forward confirmation to me in writing.

Please note that both these inputs are preliminary until the calculations they are part
of have been fully approved. At that time, I will inform you in writing of their
status. These confirmation and transmittal letters are the vehicles for referencing
input sources in your calculations.

trans2fm}.doc:rkw:9/28/01
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Calculation 52.27.100.736, Attachment A, Page 25 of 49
Confirmation of transmittal of inputs for DCPP ISFSI slope stability analyses

GEO.DCPP.01.4 0
REVISION 1

Although the Work Plan does not so state, as you are aware all calculations are
required to be performed as per Geosciences Calculation Procedure GEO.001,
entitled "Development and Independent Verification of Calculations for Nuclear
Facilities," revision 3. All of your staff assigned to this project have been previously

trained under this procedure.
I am also attaching a copy of the Work Plan. Please make additional copies for

members of your staff assigned to this project, review the Work Plan with them, and
have them sign Attachment 1. Please then make copies of the signed attachment and

forward to me.

If you have any questions, feel free to call.

Thanks.

{?>b (AFe

ROBERT K. WHITE
Attachment

cc: Chris Hartz -
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Fad .4
GEO.DCPP.0l.c 9  REVISION -3
William Lettis & Associates, Inc.

|2 R A N NG 77 Batelho Drive, Suite 262, Walnut Creek, Californis 94596
At Voice: (925) 256-6070  FAX: (925) 256-61376

TO: Dr. Faiz Makdisi - Geomatrix Consultants, Inc.
FROM: Jeff L. Bachhuber - William Lettis & Associates, Inc.
DATE: August 3, 2001

RE: Ground Motion Directional Components

FAIZ:

At the request of Robert K. White of PG&E Geosciences Department, we prepared this
memorandum that documents our review of ground motion directional components for
slope stability analyses at the PG&E DCPP ISFSI site. It is our understanding that you
will be rotating ground motions developed by PG&E to the best-estimated downslope

failure direction and require an ‘appropriate _rotation angle from the Hosgri fault parallel

direction.

Based on our geologic characterization, the most likely slope failure direction would be
along cross section I-I' on the attached figure 21-3, or along an azimuth orientation of
about 302° £10°. We believe that this vahie is conscrvatively realistic.

Please call me if you have any questions or require further input for this issue.

Cc: Rob White/Bill Page - PG&E Geosciences

PAGE Z4a OF 4§



Calculation 52.27.100.736, Attachment A, Page 7—_% of 49
GEO.DCPP.01.¢ 0

REVISION 1

ATTACHMENT 3

PAGE ZHOF 4§



— TL2LDOBOU IO

Calculation 52.27.100.736, Attachment A, Page 24 of ‘49
GEO.DCPP.01. & §

U P

REVISION 1

William Lettis & Associates, ine,

1777 Batetho Drive, Sulte 262, Walnut Creek, Califarnia 94594
Voice: (925) 256-60170 FAX: (925) 256-6076

MEMORANDUM

TO: Dr. Faiz Makdisi - Geomatrix Consultants, Inc,
FROM: Jeff L. Bachhuber - William Lettis & Associates, Inc.

DATE: Angust 23, 2001
RE: Revised Estimates for Hosgri Fault Azimuth, DCPP [SFSI Project

FAIZ:

This memorandum provides a revised sirike azimuth of 338° for the Hos gri fault for
evaluation of ground motion directional components for slope stability analyses at the
PG&E DCPP [SFSI site. The revised azimuth presented in this memorandum supercedes
the previous estimated azimuths (328° to 335 ©) presented in our memorandum dated
August 8, 2001, and is based on a re-evaluation of fault maps in the PG&E LTSP (1988),

and ISFSI project Calculation Package GEO.01.21,

The revised estimated average strike for the Hosgri fault nearest the ISFSI site (between
Morro Bay and San Luis Bay) is 338°. Figure 21-23 of Calculation Package GEO.01.21,
which previously showed an azimuth of 340° for the Hosgri fault, will be revised to
correspond to this re-interpreted average strike. Discrete faults and local reaches of the
fault zone exhibit variations in strike azimuth between about 328° and 338°, but the
average overall strike of 338° js believed to be the best approximation for the ground

motion modeling,

Please call me if you have any questions or require further input for this issue.

P>~ ——

Jeff Bachhuber

Ce: Rob White/Bill Page - PG&E Geosciences
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Calculation 52.27.100.736, Attachment A, Page 23 of 49

GEO.DCPP.01.¢ O REVISION

Calc Number: GEO.DCPP.0].14

Rev Number: ]

Sheet Numnber: 4 of 25

Date: 10/12/01
6. BODY OF CALCULATIONS

Step 1: S-wave arrival times
The approximate arrival times of the S-waves is estimated by visual inspection of the

velocity time histories (Figures 1, 2, 3, 4, and 5). The selected arrival times are listed in
Table 6-1. :

Table 6- 1. Time of Fling

Set | Reference Time History Approximate | Armival Time Polarity*
Arrival time of | of fling )
: S-waves ( sec) ’
u Luceme 8.0 7.1 -1
| 2a | Yarimea 9.0 8.5 -1
[3 |LGPC 4.0 3.4 -1
| 5| El Centro (1940) 1.5 0.0 1
L6 Saratoga 45 3.7 -1

* The polarity is applied to the fault parallel time history from calculations
GEO.DCPP.01.13 (rev 1) to cause copstructive interference between the S-wave and the

 fling:(eq. 5-2).

A fling arrival time is selected by visual inspection of the interference of the velocity of
the transient motion and the fling (Figures 1, 2, 3, 4, and 5). The selected fling arrival

time are listed in Table §-1.

Since DCPP is on the east side of the Hosgri fault and the fault has right-lateral slip, the
permanent tectonic deformation at the site will be to the southeast. In the time histories
the fling has a positive polarity. Since the tectonic deformation will be to the southeast,
the positive direction of the fault parallel time history is defined to the southeast.

Step 2: Fling Time History

Using the values of A, o, and Tging given in input 4-1, and the values of t} given in Table
-1, the fling time history is determined using eq. (5-1). The computed fling time

histories for the S sets are shown in F igures 1, 2, 3, 4, and 5.

PAGE 38 0oF 4§
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Calculation 52.27.100.736, Attachment A, Page 2 of 49

. . Geosciences

Pacific Gas and Electric Company 2:;35&1:::3[ Street, Room 4188 GEO'DCPP'OI : 2 6
Mail Code N4C
P.0. Box 770000 REVISION 1

San Francisco, CA 94177
415/973-2792
Fax 415/973-3778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

QOctober 25, 2001

Re: Input parameters for calculations

DR. MAKDISI:

As required by Geosciences Calculation Procedure GEQ.001, entitled "Development
and Independent Verification of Calculations for Nuclear Facilities," rev. 4, I am
providing you with the following input items for your use in preparing calculations.

1. The shear wave velocity profiles obtained in borings BA98-1 and BA98-3 in 1998
are presented in Figure 21-42, attached, of Calculation GEO.DCPP.01.21,
entitled "Analysis of Bedrock Stratigraphy and Geologic Structure at the DCPP
ISFSI Site," rev. 0, and can be so referenced. These profiles were previously
presented in Figure 10 of the WLA report entitled "Geologic and Geophysical
Investigation, Dry Cask Storage Facility, Borrow and Water Tank Sites, " dated

January 5, 1999.

2. The average unit weight of rock obtained from the hillside has been determined to
be 140 pounds per cubic foot, as documented in a data report entitled "Rock
Engineering Laboratory Testing - GeoTest Unlimited."

Regarding the time histories provided to you on 8/17/01, since the tectonic
deformation will be to the southeast, the positive direction of the fault parallel
time history is defined as to the southeast, as described in Geosciences Calculation
GEO.DCPP.01.14, entitled "Development of Time Histories with Fling," rev. 1,
page 4.

Ll

4. The source of the shear modulus and damping curves are Figures Q19-22 and
Q19-23, attached, from PG&E, 1989, Response to NRC Question 19 dated
December 13, 1988, and can be so referenced.

Regarding format of calculations, please observe the following:

PAGE O<ZOF 40
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Calculation 52.27.100.736, Attachment A, Page 3L of 49

Faiz Makdisi Input parameters for calculations

GEO.DCPP.01. < ©

Contents of CD-ROMs attached to calculations should be listed in the calcul %ION 4
including title, size, and date saved associated with each file on the CD-ROM. € +

aumber of files is considerable, a simple screen dump of the CD-ROM contents s
sufficient.

If you have any questions regarding the above, please call me.

fo,w- 1 Gk

ROBERT K. WHITE

Attachments
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Normalized Shear Modulus (G/G,)

Question 19

Calculation 52.27.100.736, Attachment A, Page 3% of 49

(\
GEO.DCPP.0L. £ 4 5,

REVISION 1
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Figure Q19-22

Variation of shear modulus with shear strain for the site rock based on 1978 laboratory test data.
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GEO.DCPP.OI. ‘g 6
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— REVISION 1
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Figure Q15-23

Variation of damping ratio with shear strain for the site rock based on 1977 laboratory test data.
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Pacific Gas and Electric Company S:?SMciCHkCCSS Room 4158 - /.Ti
24D arket Streel, Room « o~
Mail Code N4C GEODCPPOl 4 U
P.0O. Box 770000
San Francisco, CA 94177 REVISION 1

415/973-2792
Fax 415/973-5778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

October 31, 2001
Re: Confirmation of preliminary inputs to calculations for DCPP ISFSI site

DR. MAKDISI:

A number of inputs to calculations for the DCPP ISFSI slope stability analyses have
been provided to you in a preliminary fashion. This letter provides confirmation of
those inputs in a formal transmittal. A description of the preliminary inputs and their
formal confirmation follow.

Letter to Faiz Makdisi from Rob White dated June 24, 2001. Subject:
Recommended rock strength design parameters for DCPP ISFSI site slope
stability analyses.

This letter recommended using ¢ = 50 degrees for the preliminary rock strength
envelope in your stability analyses, and indicated that this value would be confirmed
once calculations had been finalized and approved. Calculations GEO.DCPP.01.16,
rev. 0, and GEO.DCPP.01.19, rev. 0, are approved and this recommended value is
confirmed.

Letter to Faiz Makdisi from Rob White dated September 28, 2001. Subject:
Confirmation of transmittal of inputs for DCPP ISFSI slope stability analyses.

This letter provided confirmation of transmittal of cross section I-I' and time histories,
and indicated that these preliminary inputs would be confirmed once calculations had
been approved. Calculation GEO.DCPP.01.21, rev. 0, is approved and section I-I' as
described in the September 28 letter is confirmed. A copy of the figure from the
approved calculation is attached. Calculations GEO.DCPP.01.13, rev. 1, and
GEO.DCPP.01.14, rev. 1, are both approved and time histories as described in the
September 28 letter are confirmed. A CD of the time histories from the approved
calculations is attached.

lr2fm3.doc:rkw: 10/31/01
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Email to Faiz Makdisi from Joseph Sun dated October 24,2001. Subject:
Ground motion parameters for back calculations.

This email provided input for a back calculation to assess conservatism in clay bed
properties in the slope. Inputs included maximum displacement per event of 4 inches
and a factor of 1.6 with which to multiply ground motions for use in the back
calculation analysis. This letter confirms those input values, with the following
limitation: these values have not been developed under an approved calculation,
therefore should not be used to directly determine clay bed properties for use in forward
analyses, but may be used for comparative purposes only, to assess the level of
conservatism in those clay bed properties determined in approved calculations

Letter to Faiz Makdisi from Jeff Bachhuber dated October 10, 2001. Subject:
Transmittal of Revised Rock Mass Failure Models — DCPP ISFSI Project.

This letter provided you with figures indicating potential rock mass failure models as
superimposed on section I-I'. This letter confirms PG&E approval to use these models
in your analyses. These figures are labeled drafts and are currently being finalized in a

revision to Calculation GEO.DCPP.01.21. Once this revision and the included figures
have been approved, I will inform you in writing of their status.

ROBERT K. WHITE

Attachments
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Pacific Gas and Electric Company Geosciences
245 Market Street, Room +13B o
Mail Code N4C GEO.DCPPOL. < ©

P.O. Box 770000
San Francisco. CA 94177

415/973-2792 REVISION 1
Fax 415/973-5778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

November 1, 2001
Re: Confirmation of additional inputs to calculations for DCPP ISFSI site

DR. MAKDISI:

Additional inputs to calculations for the DCPP ISFSI slope stability analyses have been
provided to you by Jeff Bachhuber of William Lettis Associates. This letter provides
confirmation of our acceptance of those inputs in a formal transmittal. A description of
those additional inputs and their formal acceptance follow.

Letter to Faiz Makdisi from Jeff Bachhuber dated August 3, 2001. Subject:
Ground Motion Directional Components.

This letter recommended using an azimuth of 302 degrees plus or minus 10 degrees for
the orientation of the most likely failure surfaces, coinciding with Section I-I'. We
concur with this recommendation based on the discussion on page 53 of the approved
Calculation GEO.DCPP.01.21, rev. 0, and verification of the orientation of Section I-I'

on Calculation Figure 21-4, attached.

Letter to Faiz Makdisi from Jeff Bachhuber dated August 23, 2001. Subject:
Revised Estimates for Hosgri Fault Azimuth, DCPP ISFSI Project.

This letter recommended using an azimuth of 338 degrees for the orientation of the
average strike of the Hosgri fault. We concur with this recommendation, based on
verification of the orientation as presented in the LTSP plates and as shown on
Figure 21-36, attached, of Calculation GEO.DCPP.01.21, rev. 0.

Da\) L)LnL “
ROBERT K. WHITE

Attachments PAGE 41 OF 4§
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Pacific Gas and Electric Company Geosciences
245 Market Street, Room 418B

Mail Code N4C

P.Q. Box 770000 o
San Francisco, CA 94177 GEO.DCPP.O1. 4 6
415/973-2792

Fax 415/973-5778
REVISION 1

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

December 13, 2001

Re: Confirmation of DCPP ISFSI ground motion parameters for back calculation
analysis

DR. MAKDISI:

As part of your analysis of the stability of the slope behind the DCPP ISFSI, you are
performing a back-calculation analysis of the slope in its pre-excavated (pre-1971)
configuration to evaluate the level of conservatism in the assumed lateral extent and the
undrained strength of the clay beds underlying the slope. Key parameters required for
this analysis, including amount of slope displacement and associated ground motions,
are provided below.

Calculation GEO.DCPP.01.21, Rev. 1, pages 59 through 61, indicates that the range of
potential slope displacements for past large earthquakes is 3 to 6 inches per event (page
60, attached). For purposes of the back-calculation analysis, a value within this range
of 4 inches is recommended.

For purposes of defining the large earthquake causing this value of displacement, it is
recommended that you multiply the ground motions provided to you on 8/17/01 (and
confirmed in my letter to tZou dated 10/31/01) by a factor of 1.6, to represent ground
motions that are at the 98" percentile (that is, one standard deviation above the 84"
percentile ground motions provided).

If you have any questions regarding this information, please call.

[Qu b (At

ROBERT K. WHITE
Attachment
PAGE 49 OF 4§
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REVISION 1
site area (Figure 21-41) (Diablo Canyon ISFSI Data Report A). Similarly the many

trenches excavated into the slope, the tower access road cuts, the extensive outcrops
exposed by the 1971 borrow cut, and the many borings exposed no tension cracks or
fissure fills on the hillslope (Diablo Canyon ISFSI Data Reports A, B and D). Open
cracks or soil-filled fissures greater than | to 2 feet in width should be easily recognized
across the slope given the extensive rock exposure provided by the borrow cut.
Therefore, we conservatively assume that any cumulative displacement in the slope
greater than 3 feet would have produced features that would be evident in rock slope.
The absence of this evidence places a maximum threshold of 3 feet on the amount of

cumulative slope displacement that may have occurred in the geologic past.

The hillslope at the ISFST site is older than at least 300,000 years because remnants of the
Q-5 (320,000 yrs) marine terrace are cut into the slope west of the ISFSI site (Figure
21-3). Preservation of the terrace documents that the slope has had minimal erosion since
that time. Moreover, gradual reduction of the ridge by erosion at the ISFSI site would not
destroy deep tension cracks or deep disruption of the rock mass; these features would be

preserved as filled fractures and fissures even as the slope is lowered.

The topographic ridge upon which the ISFSI site is located has experienced strong
ground shaking from numerous earthquakes on the Hosgri fault zone during the past
300,000 years. PG&E (1988, p. 3-39) provides a recurrence interval of 11,350 years for
an My 7.2 earthquake on the Hosgri fault. Therefore, approximately 25 to 30 large
earthquakes have occurred during the past 300,000 years without causing ground motions
large enough to produce significant (i.¢., greater than 3 feet) cumulative slope
displacement. Based on the number of earthquakes, the hillslope likely experienced the
design earthquake ground motion as described in the ISFSI SAR (PG&E, 2001). Based
on the absence of cumulative slope displacement within a limit of resolution of 3 feet, the
amount of possible slope displacement during the Hosgri design earthquake is a

maximum of 3 feet (if only one such slope displacement has occurred) and more likely

about 3 to 6 inches per event (if multiple earthquakes have caused slope displacement

with cumulative displacement of up to 3 feet). Slope displacement of 3 to 6 inches,

GEO.DCPP.01.21, Rev. | Page 60 of 171 November 6, 2001
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DCPP ISFS1 SAR Calculation GEO.DCPP.0OL.28
Revision 0

Calculation Title: Stability and Yield Acceleration Analysis of Potential Sliding Masses
along DCPP ISFSI Transport Route
Calculation No.: GEO.DCPP.01.28

Revision No.: 0 A
Calculation Author: Karthik Narayanan (Geomatrix Consultants)

Calculation Date: 11/26/01

PURPOSE
The purpose of this calculation is to evaluate the stability and yield acceleration of potential

sliding masses along the transport route between Units 1 and 2 and the proposed ISFSI site.
The analyses described in this calculation package were conducted in accordance with the
Geomatrix Consulta_nts, Inc. Work Plan “Laboratory Testing of Soil and Rock Samples, Slope
Stability Analysis, and Excavation design for Diablo Canyon Power Plant Independent Spent

Fuel Storage Installation Site,” Revision 2, dated December 8, 2000.

Potential sliding masses having the lowest factors of safety against sliding are identified in
this calculation package. The yield accelerations of these potential sliding masses are used in

calculation package GEO.DCPP.01.30 to evaluate their potential for earthquake-induced

deformations.

ASSUMPTIONS
The transporter track loads were represented as point loads in the stability and yield

acceleration analysis. A plane strain stability analysis model has a unit thickness in the
direction perpendicular to the plane of analysis. Hence, the point loads used to mode] the
'transporter tracks represent line loads in the direction perpendicular to the plane of the

analysis. This assumption results in conservative factors of safety and yield accelerations.

INPUTS
The information required for the slope stability and yield acceleration analyses are the surface

topography, soil strengths, and unit wei ghts. The analyses described in this calculation
package were conducted for cross sections L-L’, D-D’, and E-E’, shown in Attachment A.

Surface topography and subsurface geology were taken from these cross sections.

A summary of properties used for the stability and yield acceleration analyses is shown on

Table 1. Soil properties for the colluvium, terrace deposits, and rock were taken from PG&E
\\oak1\deptda!a\Projecl\60005\6427.OOG\geo.dcppAOI -28\Transporter Stability Calculation Summary 11-26-01.doc Page 1 of 29



Calculation 52.27.100.738, Rev. 0, Attachment A, Pg. 4. of 31

DCPP ISFSi SAR Calculation GEO.DCPP.01.28
Revision 0

(1997) (Attachment B). Properties for the artificial fill were taken to be the same as the

colluvium, in accordance with the recommendations presented in Attachment C.

Additional input needed for stability analyses includes the assumed transporter loads. The
transporter wheel loads were taken from the recommendations of Attachment D. The

transporter loads were modeled as two point loads of 225,000 Ib each at a wheel spacing of

182 inches.

METHOD
Slope stability analyses were performed using the computer program UTEXAS3 (Wright,

1990). Spencer’s method, a method of slices that satisfies force and moment equilibrium, was
used for the analyses. Initially, searches were conducted to identify the circular or wedge-type
sliding mass with the lowest factor of safety. If the potential sliding surface identified by the
initial search did not intercept or affect the transport route, additional searches were
conducted in the vicinity of the transport route to identify potential sliding surfaces that
impacted the road. Among the potential sliding masses that included the transport route, the

one with the lowest factor of safety was selected as the “critical sliding mass.”

Once a critical sliding mass was identified based on its factor of safety and proximity to the
transport route, its yield acceleration was calculated using UTEXAS3. The yield accelerations
will be used in GEO.DCPP.01.30 for evaluation of earthquake-induced displacements.
Horizontal seismic coefficients were incrementally applied to the critical sliding mass, and the
yield acceleration was taken to be the horizontal seismic coefficient resulting in a factor of

safety of unity. In the above calculations where the transporter load was considered, the

transporter load was modeled as two concentrated loads.

SOFTWARE
The calculations of slope stability and yield acceleration were conducted using the program

UTEXAS3. This program was verified in GEO.DCPP.01.33.

ANALYSIS
The slope stability and yield acceleration calculations were conducted using UTEXAS3. The

input and output files for the calculation of long-term stability and yield acceleration are
contained in the compact disc labeled “GEO.DCPP.01.28, Revision 0”.

\\oak 1 \deptdata\Project\6000s\6427.006\geo.dcpp.01 .28\Transporter Stability Calculation Summary 11-26-01.doc Page 2 of 29
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DCPP ISFSI SAR Calculation GEQ.DCPP O} 28
Revision O

RESULTS

The results of the stability and yield acceleration analyses are summarized on Table 2. The
lowest factor of safety for the short-term static stability analysis (including the transporter
loads) is 1.60, which was calculated for a circular sliding mass shown on Figure 1. Based on
Attachment E, this factor of safety is considered adequate for short-term stability. The
corresponding yield acceleration for this critical failure surface is 0.46 (which was used in

calculation package GEO.DCPP.01.30 to determine associated deformations).

The computed yield accelerations for the three sections ané]yzed ranged between 0.37 and
0.76. The lowest calculated yield acceleration was 0.37, corresponding to a wedge type
sliding mass (with a factor of safety of 2) along cross section L-L’ (without the transporter
load) shown on Figure 2. Yield accelerations are used to estimate earthquake-induced

displacements as discussed in calculation package GEO.DCPP.01.30, Revision 0.

REFERENCES

a) Geomatrix Consultants, Inc. Work Plan, Laboratory Testing of Soil and Rock Samples,
Slope Stability Analyses, and Excavation Design for Diablo Canyon Power Plant
Independent Spent Fuel Storage Installation Site, Revision 2, dated December 8, 2001

b) GEO.DCPP.01.30, Revision O -- Determination of Potential Earthquake-Induced
Displacements of Potential Sliding Masses along DCPP ISFSI Transport Route.

¢) GEO.DCPP.01.33, Revision -- Verification of computer program UTEXAS3

d) Wright, S.G. (1990) -- UTEXAS3, A computer program for slope stability calculations,
May 1990, Shinoak Software, Austin, Texas.
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ATTACHMENTS

Attachment A -11/12/01, PG&E Geosciences, Robert K. White, Re: Forwarding of approved
plan and cross-sections D-D’, E-E’, and L-L" for DCPP ISFSI transport route stability

analyses

Attachment B - PG&E, 1997, Assessment of slope stability near the Diablo Canyon Power
Plant, Response to NRC request of January 31, 1997.

Attachment C - 11/19/01, PG&E Geosciences, Robert K. White, Re: Transmittal of additional
mputs for DCPP ISFSI transport route analysis.

Attachment D - Letter from Robert White to Faiz Makdisi (November 15, 2001) subject:
Forwarding of Cold Machine Shop Retaining Wall Calculation Inputs from Project Engineer.
Partial enclosure: Klimczak, Richard L. (2001) Letter to Robert White, PG&E Geosciences,
Subject: Diablo Canyon Units 1 and 2, Transmittal of Information on the Transporter
Movement Along the Transport Route. Dated October 19, 2001.

Attachment E — ASCE Standard N725 Guideline for Design and Analysis of Nuclear Safety
Related Earth Structures

ENCLOSURES

Compact disc labeled “GEO.DCPP.01.28, Revision 0” containing the input and output files

for the calculation of long-term stability and yield acceleration.
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DCPP ISFSI SAR Calculation GEQ DCPP (1] 2%

Revision 0
TABLE 1
SOIL PARAMETERS FOR STABILITY ANALYSIS
SLOPE SECTIONS A-A’ AND C-C’
DIABLO CANYON POWER PLANT SITE
(From PG&E, 1997)

Geologic Description Density Shear Strength

Unit In-Place Parameters

(pcf)
Topsoil Organic CLAY, silty (CH) 115 Sy = 1200 psf
(section B-B’ only)
Qc Young colluvium, soft to stiff 115 Sy = 1500 psf
CLAY, silty and sandy (CH-CL)
Qpf’ Pleistocene colluvial fan deposits, 115 Sy = 3000 psf
CLAY to SILT, gravelly and sandy
Qptm Pleistocene marine terrace deposits, 130 c=0;
poorly graded SAND to ¢ =40°
GRAVEL
Tof, Miocene Obispo Formation, sandy 140 C = 4000 psf;
siltstone and silty sandstone, local ¢ =35°
chert, blocky, Bedrock
: Properties for colluvium were ai)plied to aruficial fill per Attachment B.
1\Project\60005\6427.006\geo.dcpp.01 28\Transporter Stability Calculation Summary 11-26-01.doc Page 5 of 29
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TABLE 2
FACTORS OF SAFETY AND YIELD ACCELERATIONS COMPUTED FOR
POTENTIAL SLIDING MASSES

Revision 0

Cross With Description | FS | k, (g) | Figure Files'
Section | Transporter? input = *.dat
output = *.out
L-L’ Yes Circular 1.60 | 0.46 1 stacir, dyncir
L-L’ No Wedge 1.99 | 0.37 2 stawed2, dynwed?2
E-F’ Yes Circular 3.38 0.57 3 stacirwt, dyncirwt
E-F’ No Circular 4.98 0.76 4 stacirnt, dyncirnt
D-D’ Yes Circular 233 | 045 5 stacirwt, dyncirwt
D-D’ No Circular 2.21 0.45 6 stacirnt, dyncirmnt

Files are in organized in directories by their respective cross section

[:\Project\6000s\6427.006\geo.dcpp.01 .28\Transporter Stability Calculation Summary 11-26-01.doc
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FS=1.60 ky =0.46
SECTION L-L

FIGURE 1 - Critical circular surface; cross section L-L: with transporter
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FS =1.99 ky =0.37
SECTION L-U

/

FIGURE 2 - Critical wedge; cross section L-L; no transporter
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FS =3.38 ky =0.57
SECTION E-F’
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FIGURE 3 - Critical circle; cross section E-E’; with transporter Page 7 of2 7



FS=4.98 ky=0.76
SECTION E-E'
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FS =233 ky =0.45
SECTION D-D
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FS=2.21 ky =0.45
SECTION D-D

FIGURE 6 - Critical circle; cross section D-D’; no transporter
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Pacific Gas and Electric Company Geosciences
- 245 Market Street, Room 418B

Mail Code N4C

P.0O. Box 770000

San Francisco, CA 94177
415/973-2792

Fax 415/973-5778 —

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

November 12, 2001

Re: Forwarding of Approved Plan and Cross Sections D-D', E-E', and L-L’ for
DCPP ISFSI Transport Route Stability Analyses

DR. MAKDISI:

Please find enclosed the following approved plan and cross sections from Geosciences
Calculation GEO.DCPP.01.21, rev. 1:

Figure 21-3, Geologic Map of the ISESI Site and Transport Route Vicinity
Figure 21-17a, Cross Section D-D' through Patton Cove Landslide

Figure 21-18a, Cross Section E-E'

Figure 21-25, Cross Section L-L'

for your use in DCPP ISFSI transport route stability analyses. These figures supersede
those transmitted to you in draft form by Rich Koehler of William Lettis Associates on

October 25, 2001.

Also for your use, we have determined the azimuth of each section from Figure 21-3, as
follows:

Section D-D': 38 degrees
Section E-E': 34 degrees
Section L-L': 67 degrees

If you have any questions regarding this information, please call.
ROBERT K. WHITE

Enclosures GEo, DePhol. 2%
‘ ATTACHMENTA
RE V. ¢b
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TABLE 1

SOIL PARAMETERS FOR STABILITY ANALYSIS
SLOPE SECTIONS A-A' AND B-B'

Density Shear Strength
Geologic In-Place Parameters
Unit Description (pcf)
Topsoil Organic CLAY, silty (CH) 115 S, = 1200 psf
{section B-B' only)
Qc Young colluvium, soft to stuff 115 S, = 1500 psf
CLAY, silty and sandy (CH-CL)
Qpf Pleistocene colluvial fan deposits, 115 S, = 3000 psf
CLAY to SILT, gravelly and sandy
Qptm Pleistocene marine terrace deposits, 130 c=0;
poorly graded, SAND to ¢ = 40°
GRAVEL
Tofp Miocene Obispo Formation, sandy 140 ¢ = 4000 psf;
siltstone and silty sandstone, local ¢ =35°
chert, blocky, BEDROCK

slope material (or the reduced strength due to earthquake shaking), and the location
of the potential slip surface.

* The peak, or maximum, acceleration, kK, .- induced within a potential sliding mass
(average of the peak acceleration over the mass) is estimated. The average
earthquake-induced acceleration, also known as the average seismic coefficient, can
be estimated using dynamic response analyses. '

* For a specified potential sliding mass, the induced acceleration is compared with the
yield acceleration. When the induced acceleration exceeds the yield acceleration,
downslope movements will occur along the direction of the assumed failure plane.
The movement will stop after the time when the induced acceleration level drops
below the yield acceleration and when the velocity drops to zero. The magnitude of
the potential displacement can be calculated by simple double integration of the
induced acceleration time history for the specified potential sliding mass.

Yield Acceleration

The yield acceleration for the cut slope east of Unit 2 was estimated using the computer
program SLOPE/W (GEO-SLOPE, 1995) and the Modified Bishop method. A cross
section of the profile analyzed showing the slip surface having the lowest computed factor

SEO PPl ol 2
ATBCHMENT (=

DCPP Assessment of Slope Stability /p@ W [ A
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Pacific Gas and Electric Company Geoscicnees
245 Market Street, Room 418B

Mail Code N4C

P.0. Box 770000

San Prancisco, CA 94177
415/973-2792

Fax 415/973-5778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
) 2101 WEBSTER STREET
& OAKLAND, CA 94612

November 19, 2001

Re: Transmittal of additional inputs for DCPP ISFSI Transpert Route Analysis

DR. MAKDISI:

As part of the scope of your analysis of the stability of the transport route for the DCPP
ISFSI, you are assessing stability of the route at various sections using both unreduced
ground motions previously transmitted to you (reference my October 31 2001 Jetter to
you) and reduced ground motions based on incorporating results of & probabilistic
seismic hazard analysis and the estimated exposure interval of the transporter on the
route. A probabilistically reduced peak bedrock ground acceleration of 0.15g has been
derived in calculation GEO.DCPP.01.02, and this value has been approved for further
analyses. Accordingly, please scale the peak acceleration of the unreduced ground
motions to this level for your transport route analyses.

In addition, you are assessing the stability of transport route road fill wedges at reduced
ground motion levels and with the transporter load previously transmitted to you
{reference my November 52001 Jetter to you). The exact subsurface configuration of
any fill wedges along the access road is currently unknown, and is shown in only a
general way on sections provided to you (reference my November 12 2001 letter to
yon) based on general descriptions provided in the road construction specification.
However, given that the density of any compacted fill derived from the native material
is likely to be at or above the density of underlying native material, fill strength is likely
to be comparable to the native material, and the exact configuration of the fill is
therefore not of consequence. Please proceed with near-surface stability analyses with

this assumption.

If you have any questions regarding this information, please call.

)fzﬂb LA

ROBERT K. WHITE

3 of 1 lu’meIO.doc:rkw‘.ll/D/Ol
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Pacific Gas and Electric Company Geosciences
2435 Market Street, Room 418B

Mail Code N4C

P.0. Box 770000

San Francisco, CA 94177
415/973-2792

Fax 415/973-5778

DR. FAIZ MAKDISI
GEOMATRIX CONSULTANTS
2101 WEBSTER STREET
OAKLAND, CA 94612

November 5, 2001

Re: Forwarding of Cold Machine Shop Retaining Wall Calculation Inputs from
Project Engineer

DR. MAKDISI:

Inputs to the calculation checking the stability of the DCPP Cold Machine Shop
Retaining Wall under proposed ISFSI transporter loads have been provided to
Geosciences from Richard Klimezak, Project Engineer for the ISFSI project. Iam
forwarding these inputs to you formally, as required by Geosciences Calculation
Procedure GEO.001, rev. 4. Please incorporate these into your calculation in place of
previous inputs provided to you informally, and complete the calculation as required by
Geosciences Work Plan GEO 2001-03, rev. 1, Appendix H. A description of the inputs
follows. A copy of the Work Plan is also enclosed for distribution to those on your
staff who are responsible for performing the calculation. Please have them sign the
Work Plan Attachment acknowledging their review and forward copies to me.

Letter to Robert White from Richard Klimezak, dated October 3, 2001. Subject:
Transmittal of Information on the Transporter Movement Along the Traunsport
Route.

The reference letter contains a copy of PG&E calculation 52.27.14.01, pages RLOC
02553 1215 through 1255 (42 pages). These calculation pages are enclosed in this
forwarding letter. The reference letter also contains 11x17 copies of drawings 516992
and 516993, These drawings are also enclosed in this forwarding letter. The reference
letter also lists applicable criteria for the transporter. These criteria have been
superseded by the following letter, and should not be used in your calculation.
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Calculation 52.27.100.738, Rev. 0, Attachment A, Pg. 24 of 31

Forwarding of Cold Machine Shop Retaining Wall Calculation Inputs from Project Engineer

Letter to Robert White from Richard Klimczak, dated October 19, 2001. Subject:
Transmittal of Information on the Transporter Movement Along the Transport

Route.

This reference letter contains modified transporter criteria and should be used in place
of those criteria in the 10/3/01 letter above.

It you have any questions regarding this information, please call.

pﬁm Lo Lok

ROBERT K. WHITE

Enclosures
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' Memorandum R

Date: October 35,2001 File #: 72.10.05

To: Robert White Phone: (415) 973-0544
PG&E Geosciences Dept

From: Richard L. Klimczak, Project Engineer

Subject:  Diablo Canyon Units | and 2
Transmittal of Information on the Transporter Movement Along the Transport

Route

Pacific Gas and
g1 Electric Company

Dear Rob,

This memorandum provides criteria for movement of the loaded Transporter from the
Auxiliary/Fuel Handling Building (Power Plant) to the Cask Transfer Facility (CTF).
Information provided herein is applicable to Calculations GEO.DCPP:01.02 and
GEO0.DCPP.01.27 and other evaluations of Transport Route stability.

Estimate of Total Yearly Travel Time of A Loaded Transporter Along the
Transport Route: (Ref. Calculation GEO.DCPP.01.02)

Holtec Calculation HI-2002563, Rev. 3, Pg. K-2 shows 1.5 hours to travel between the
Power Plant and the CTF. This calculation also conservatively assumes movement of 8
casks per year. Accordingly, we estimate 8 trips at 1.5 hours per trip for a total travel
time of 12 hours along the transport route each year.

Transporter for HI-STORM 100 Transfer Cask: (Reference Calculation
GEO.DCPP.01.27)

The following criteria applies to movement of the loaded Transporter from the Power
Plant to the CTF and along the Transport Route:

1) Cask Transporter Weights:

Transporter weight 170,000 Ibs.
Payload weight 275,000 lbs
Total weight: 445,000 lbs

2) Track Contact Surface Area:

Dimensions for each of two tracks 294 inches x 29.5 inches
Total effective contact area for two tracks 10,000 sq. inches
Estimated contact surface pressure 44.5 psi
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Calculation 52.27.100.738, Rev. 0, Attachment A, Pg. z{ of 31

ctober 2, 2001 -2- R. White

3) Center to center spacing between tracks: 182 inches

The basis for this information is a 9/28/0] memorandum to the file, “Cask Transporter Track
Contact Surface Area Estimate,” prepared by Rich Hagler of the UFSP for static, level
contact surface bearing pressures and the referenced HI-2002501, “Functional Specification

for the Diablo Canyon Cask Transporter,” Revision 4, July 30, 2001.

Evaluation of Stability of the Retaining Wall Located Adjacent to the Unit 2 Cold
Machine Shop: (Reference Calculation GEO.DCPP.01.27)

The attached PG&E calculation and drawings apply to the evaluation of the retaining wall
located adjacent 10 and to the east of the Unit 2 Cold Machine Shop

1) A copy of PG&E calculation 52.27.14.01, “Cold Machine Shop, Retaining Wall and
Stairs,” 42 pages, RLOC 02553 1215 thru 1255.

2) 11”7 x 17" copies of the following PG&E Drawings:
Drawing Number Revision Title
516992 8 Finish Grading Plan Cold Machine Shop
516993 3 Yard Facilities & Details Cold Machine Shop
This transmittal is per requirements of DCPP Procedure CF3.ID17.

If you have questions please contact me at (805) 595-6320 or A. Tafoya at
(805) 595-6392.

Vo
Richard L. Klimczak

Project Engineer
Diablo Canyon Used Fuel Storage Project

Attachments: As listed

cc: JStrickland SLO B3 w/o RKWhite 245 Market N4C, 418B w/o
BHPatton SLO BB w/o JISun 245 Market N4C, 422A w/o
SLOB10 w/o JCYoung 245 Market N4C, 413C w/lo
SLO BO w/o DCPP Chronological File
SLOBI13 DCPPRMS DCPP 119/1

245 Market N4C, 422B  w/o  DCPP File No. 72.10.05
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quate gource and Its associated quality. In
general, Section 4.3 mataris] selection re-
quirements are equally applicable to site
protection structures.

5.4 Design. Parameters to be es-
tablished for tha design and safety
evalunation of dams, dikes, breakwaters,
seawalls, revetmenc are generally the
Same as those given in Secton 4.4,

5.4.1 Operating Conditions. Design
canditiona for site protection structures
are generally thase associated with ex.
treme  hydroalogical phenomena. How-
ever, normal operating conditiong (which
include erosion, wasthering seapagn or
other narmal Opemting phenomena that
would affect performance of the pro-
tective structure) shall be cansiderad in
deaign, ‘

5.4.2 Statje Loading Conditions. The
following conditions shall be conaidered
for protective structures:

(1) During construction

{2} End of construction

{(3) Deaign maximum flosd evaluation
ai a hydrostatic load

{4) Load mage where maximum design
surcharge is present and water
level {5 at jtg deaign minimum
elevation,

5.4.3 Static Stability and Performanee, Fac
tors of safety for atruetural ca acity
should be baged upon the ratio of avaii-
able strength to applicd streas or other
load effects. The minimum factors safety
for the statlc loading condirion listed in
Paragraph 5.4.2 shall be as follows:

Condiion  Minimum Factor of Safety

1 1.1
2 1.3
3 1.2
4 1.5

In using these minimum recommended
safaty marging the Geatechnical Engineer
should have a high degree of confidence
in the reliabllity of values used for the
following paramietera:

(8) type and gradation of materia]

b) thnmughnels and. completcness of
field exploration and labaratory
testing
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DESIGN AND ANALYSIS

(c) ceruainty of Imdi.ng condihong
(d) degree of control and workman-
ship that can be assured.

&.4.4 Dynamic Losdin Conditions. The
dynamic force gpplicable to gite pratec-
ton structyres are the same as those con-
sidered In Secton 4.4.3.

5.5 Analytical Meihods. The analydcal
methods applicable to uitimate heat sink
structures sre also applecable to site pro-
tecion sructures.

6.0 Site Contour Farth
Structures——Re’taining ’
Walls, Natural Slapes, Cuts
and Fills

6.1 Scape.

6.1.1 Purpose. The Purpose af this Sec-
ton is to describe criteria 1o be used as a
guide In the design, evaluation and con-
dnuction of those site contour control
saructures such ss retaining walla, slopes,
cuts and fills (cloasified ag Seismic Cate-
gory ). This standard Is intended to iden-
tfy factors to be considerad in construc-
tion of those structures and should in no
way lmit the investigation and analysis
decmed necessary for determination of
the suitabllity of such a Sructure—or the
effect such an earth structure would have
on other nuclear plant structures.

6.1.2 Use and Type of Structure

6.2.2.1 Rataining Walls. A retaining
wall s any permanent atructural element
built to support an earth bank that cannot
Support itself. It is uged primarily o con-
trol site contours and may have apecific
application to construction of elevated or
deprassed roadways, erosion protectian
fecilities, bridge abutmants and retainin
polentially unatable lillsides. Princip
fypes of retaining walls considered in this

standard include Bravity walls, semigrav-.

ity walls. cantilever walls, counterfor
walls, buttressed walls, crb and bin
walls, rcinforced earth wallg and an-
chored (or tie back) walls. The emphasls
in this Section is on the design of earth
structures used as retalning walls, and
determinatlon of loads on walls made of

other materials,

6.1.2.2 Naturai Slepes, Cuts and Fills.
Natural slopes considercd in this section
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are any landformg existing on, o adja- of the slope should be mage tn sufficlen

cent tg, the Proposed site, 4 ;¢ slape iy quantity and detajj {4 Tepresent the alope
any slcpulmaulling from the excavation of and foundaiion canditiong,

vided pn.mm-uuy £ Maintain site contg iy 6.4 Design !
{and whage faflyre would adversely affect 6'4 1 Deiign Paramaters. pg rors t
¢ cton of 4, 7. Parametery 1o
Phﬁn?:m::l;fny solety relateq Ruclear be astabilahed fo; the design ang aafety
. luation of retaining ywall, naturaj
5.2 Site Investigation. A general discys.- v 8 :
sian of ajtz lnvestigation appllcable to 4] ?;ngzin:fw and fills Zhall Include the
carth srruchyrey Is presentad in Section i .
3.0. (n) a geotechnical profije along the en.- -
6.2.1 Selsmology gnd Geology, Geqen) tire length ang Acrads the structure
selamic Beology ating cxiteria arg given in at ilntervah Not to exceed 259 feet,
10 CFR 100, Appendix 4 m Various other hlch is adequate to seres a5 a
refarances provige ugeful information on ®) 3::’8 ?;::?l for ground surgace
requ.lremam:a' that must be satlafied by o P din hB P
thorough seismologlc and geologic n- ;:&?;u °;amP cement due 1o
vestigation,s al
6.2.2 Hydrlogy. Earth structures ugeq @ i?;n:s;lgface acceleration value
8% refaining walls, alopes, cuts ang flils :
are particulary sensitive 1y turface watey @ izgr;ﬂ:‘:’g{! a::‘l‘f: b:i 3;: z:l:‘;p;un:
eroslon and Broundwater |gvg| and ber mn.terinls ;_mad t"cr"ccnatrucdun
' movement. Syuch STuctures shall be do of the structyre :
;‘39m5‘9 \:ix'tlwhan: }““Zﬁ?‘:"d t’icngn {#) cross-sectiong showing atructure
8818 eoding an prepuonnu\ :
<urdance with ANSI N 17, o faty T *nd componition af mate
6.2.3 Genta:hm’ml..h_x the construction (0 liguefactian otential of the g,,,-&,-
of earth structyzes ig W imperative that the Bttucture am'rha foundation under
' sl'rucr.ure Toas-section, matenajs of con- (a) the SSR and (b) hydrodynamic

changes in, effective styepy causad
by the maxdmum design gvent .
and foundation conditions. [a. @ etability of the atructure and jta
vestigations ahall be undertaken and auf- foundatian under hydrodynamic

and surcharge force aystems ansqci.

SNgineer can, wAith confidence design 5 ated with maximum deaign event
Structure Mmceting thoge require- (h) hydrological Perameters shall be i
'nents. Referenceg dlscunin; the re- accordance with ANSI N 17p.w
quired geotechnica] investigations i : :
considerable detyi) should be ¢gp. 6.4.2 Opersting Conditinns. Operating
Sulted.m u & w o v g @nditions for contgyr control structures

Since natura} slopes and cypy conaides will vary 3ording to the purpose, loca-
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5.9.5 Dynamir Looding Condition. T3
S —

OrrearthglldRE Rducag {orepy,

for contour control strucrures: dynamic surcharge loadings and the
1) During eg H dynamic effects of the Design Maximum
((Zg End o m:::‘m:ﬁ:;l L Flood and Precipitation" myse pe conaid-
(3) Maximum degign aurcharge 10 in- crad- The postulated loading conditions

clude any lOidLng above grade by d“? KIJ dmrrdc loadsa to b cvaluated are
€arth, material, srructyre, equip- as follows;

ment ‘and wvehicley for design (1) Failure dye ig disruption of struc-
against sliding ture by major differential fay1:

(4) Load condjtion 3 coincident with movemnent due to o SSE
most diﬂadvantageouﬂ ground (2) Slape fallure induced by SSE vibra-
water design Jeye; tary ground maotan )

(5) Maxtmym design swrcharge to in- (3) Sliding of the earth structure gn
clude any loading above grade by weak foundation materials or mate-
earth, materia], Structure, equip- rials whose Brength may be re
ment and vehicles for design duced by liquefaction
against overturning {4) Feilure due tp dynamic surcharge

(6) Load condition § coinddent with load effacrs I any

~ moag dludvan_tageoua ground (9) Failure due to dynamic loads
water design lave] assoclated with the Maximum De-
Design maximum fload and pre- slgn Flood o Precipiation,

6.4.6 Dynamic Slability and Performunce.,
6.4.4 Stgkic Stability and Performance, During an enxth.?uake, OF in response 1o
Factors of safi:ty for slope stabllily studies other - dynamic Joad phenomena, large
should be baged “pon the rate of avall- cydlic forres may bo Induced 'in a glope oy
able strength o applicd stress or orher Bll. These forces may be sufficiently large
load effects, The minimum factors of and may occur with a Sufficient number
safety for the static load conditions listed of cycles io produca exceag FPOre water

in Section 6.4.3 shall be as follows: Preszures or reduction in shear strength
. af certain e3 of matedaly used in con- .
Condition Minimum Factor of Safety struction o?’zn earth structure, Depend- . '
1 1.3 ing on the Severily of the ground vibm-
2 2.0 tory mations and the types of embank-
3 1.5 ment materials, amall to large permanent
4 1.3 deformations of the embankment could
5 2.00 occur during or after an earthquake. In
6 1.8 looae'sazunted cohesionless gails com-
7 1.0 plete loss of strength may occur, leading

T apameriany e oo T
usea F.S. 0f3.0. In Ceung these minimum effects of dynamic wave action although

reconunended cafety marging the .
Geotechnical Engineer should have a the dynamic frequuncy churactesistics of

high degree of cantldence in the reliabil- wave action make it 3 much less likely

- occurrence. Struchures contiining cghe.
{ty of the values used for the {Qllowmg sive ::atcn'nla or wrll-ccmpaclgd and

pafametets; graded marerials generally suffered little
(8) type and Bradation of materia] or no damage a3 a resylt of strong ground
(b) thoroughness and completeness of shaking.ea
ficld exploration and laboratory In assessing the safety of an earth
testing Structure during and aftar an
() certainty of loading conditiona earthquake—or othee dynamic laading—
(4) dagree “of contral and warkman- the following factors shoujd be consid-
ship that mn be asaured. ared:
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(1) The magnitude ang type of an-

'h 4 tion of the Proximity of the g4 to
Hcipated loading ) ags | gty 8 and the apfueﬂn
(2) The degree of onfidence function of the slope, if any. (Tha

(2) Exoalqg and Undercutﬁng. En;ainn

(3 Creep If the Plant and/or nd]oinix‘\g

y N congtitute failure, aq well gg

U8t evaluate baged pp the impact of 4 shall be avaluated,
alure . o ‘ 6.5 Analytical Method, and Procedyreg
6.4.7 Other Design Considerntions,. Other 6.5.1 Retaining Wajzy Once the agy
mnslden.mcm‘rhat may affact the design types and design Parametery have been
ghall be nvastigaied g5 Necessgry: eatablished, tha type of Temining gty

(1) Remowva] of latoral SUpport indyg- ture can be selected, Generully the
. lng action qf- . fnundaﬂon mndidom, the hclghl of wal]
(8) erosion by atreams, rivapg ete. or the expected lateral Ioag narrows the
} WEVes and longshore tidaj cur- selection process considerably Typical
- rents dlmenaions and B8Wdelines for Bizing the
(€} suhaeria} weathering, wetting Proportions of TERinlog structures grp
and drying gng frost achon, £iven in varjoyy foundution texts . «
(2) Removal or Creation of new slope 9 structusal ade uacy of the individyal
Y Tack fall, slige o subsidence members should Le determined the
(faulting). Geotechnica) Bineer or Enginear based
(3) Subterranean ETo8ion, salution cap. on the imposed loada, using spplicable

bonatss, sajt, gyEsurn, and collapae Standards.
of caverng, Subsidence of mine 6.5.1.1 Earh Presgure Computation. A,
2reas, dispersive agjly. defined Previously, sarsh Prassures act-
4) Over!oading of weak underlying ing on the wal] are computeq using
50l layer(s) by £ll, appropriate ggij| fopertiag (usually
{3) Overluading of sloping bedding strength) ang uva(ﬁ:ble earth pressyre

P o5

(6) Ovemhepem‘mg of cuts in unslable tribution of thease Prossures shayjd alsp
80il or rock ang undercutling of. take into considesation the type of backf))-
steeply adverge djpping bedding and jts cha.racleristi_cs and drainage pro-

planes. visions, and the method ang direction of
6-4.8 Performance Criteria, The pe,. CD";‘P“‘*D“- Clayey soils can Pr;’dubca- N

formance of any slope must pe judged on hig earth Pressures apnd should be

the fo”owing basia: avolded if possible, Free dra!m_ng clean

granular sollg Benerally regujr jn lower

(1) Downslnpe Movements. Down- harizontal earth loadings,

slope Mmovemen|, whether for nat- For eonventinna) retmining walls, eqp.

ural or manmade slopes, shay nat venient empirically eatablished design

interfers with the abllity of the charts are available for differcnt types of

plant to perform (g safety fune. backfill.* Thoge Curves have alig beep

Hons. Thig necessityteg considers- reproduced jn Moat geotechnical
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