Appendix Q. Qualitative Slope Stability Evaluation

P:\2005_Projects\25-049_Navy_HPS_E-2_RI-FS\B_originals\RI_FS\02Draft\Apps\AppendixQ_Slope-Stability\Appendix Q_Qualitative Slope  Stability
Evaluation_053006.doc






Table of Contents

LIST OF ATTACHMENTS ..ottt sttt st sttt e s bt e sbe e nbe e sbeesbeesneeeneeenee i
ACRONYMS AND ABBREVIATIONS ...ttt iii
SECTION 1. INTRODUCTION ...ttt 1-1
SECTION 2. COMPUTER PROGRAM .....ooiiiiiiit sttt sttt st s snne s 2-1
SECTION 3. EVALUATION METHODOLOGY ....cociiiiiiieiiiniieieiees e 3-1
SECTION 4. SLOPE CROSS-SECTION ANALYSIS......coiiiiiiiiicieee e 4-1
SECTIONS. INITIAL SLOPE STABILITY ANALYSIS. ... 5-1
5.1. INITIAL STATIC ANALYSIS WITHOUT SOIL LIQUEFACTION .....cccoeviiiiiiiiiiieiieinns 5-1
5.2. INITIAL PSEUDO-STATIC ANALYSIS WITHOUT SOIL LIQUEFACTION .......cccccvvenene 5-1
5.3. INITIAL STATIC ANALYSIS WITH SOIL LIQUEFACTION .....ccooiiiiiiiiiienie e 5-1
5.3.1. Residual Shear Strength of Liquefied SOil..........ccocoiiiiiiiiiieee e 5-2

5.3.2. Results of Initial Static Analysis with Soil Liquefaction............c.ccocoveneieiiininiiciens 5-2
SECTION 6. REVISED SLOPE STABILITY ANALYSIS. ...t 6-1
6.1. REVISED STATIC ANALYSIS WITH SOIL LIQUEFACTION ......cccooiiiiiiinrcecisieie e 6-1
6.2. REVISED STATIC AND PSEUDO-STATIC ANALYSIS WITHOUT SOIL
LIQUERACTION . ...ttt 6-1

SECTION 7. CONCLUSIONS AND RECOMMENDATIONS.......cccoiiiiiiieeinneee e 7-1
SECTION 8.  REFERENGCES ...ttt st sttt sbeentee s 8-1

P:\2005_Projects\25-049_Navy_HPS_E-2_RI-FS\B_originals\RI_FS\02Draft\Apps\AppendixQ_Slope-Stability\Appendix Q_Qualitative Slope  Stability
Evaluation_053006.doc



List of Attachments

Attachment 1.
Attachment 2.
Attachment 3.
Attachment 4.
Attachment 5.

Attachment 6.

Attachment 7.

Slope Stability Cross Section

Results of Initial Static Slope Stability

Results of Initial Pseudo-Static Slope Stability Analysis
Estimates of Residual Shear Strength of Liquefaction Soil

Results of Post-Liquefaction Slope Stability Analysis (Without Geogrid
Reinforcement)

Results of Revised Post-Liquefaction Slope Stability Analysis (With Geogrid
Reinforcement)

Results of Revised Static and Pseudo-Static Slope Stability Analyses)

P:\2005_Projects\25-049_Navy_HPS_E-2_RI-FS\B_originals\RI_FS\02Draft\Apps\AppendixQ_Slope-Stability\Appendix Q_Qualitative Slope  Stability

Evaluation_053006.doc



Acronyms and Abbreviations

CPT cone penetrometer test

EPA U.S. Environmental Protection Agency
g Gravity

ITSI Innovative Technology Solutions, Inc.
MPE Maximum probable earthquake

PHBA Peak horizontal bedrock acceleration
TtEMI Tetra Tech EM, Inc.
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Section 1. Introduction

The feasibility study for Parcel E-2 at Hunters Point Shipyard examines closure of the Landfill. The
remedial alternatives involving a final landfill cap include conceptual plans to place a cap having a toe
berm along the southern perimeter of the Landfill. The berm is required to stabilize the final cap on
relatively steep slopes near the toe of the southern perimeter. An access road would be provided on top of
this berm. Because the outboard slope of this berm faces San Francisco Bay, stone riprap on the outboard
slope is required to protect the berm from wave action.

The report entitled Final Parcel E Nonstandard Data Gaps Investigation, Landfill Liquefaction Potential
shows that the potential exists for liquefaction of the sand and silt fill materials underlying the Landfill
perimeter during a maximum probable earthquake (MPE) event (Tetra Tech EM, Inc. [TtEMI] and
Innovative Technology Solutions, Inc. [ITSI] 2004). A review of the existing test boring and cone
penetration test (CPT) logs shows that the proposed toe berm would be underlain by such fill materials.
Liquefaction of soils underlying the proposed toe berm could impact slope stability of the toe berm,
which in turn could impact the adjacent landfill cap; therefore, both static and seismic slope stability
analyses were performed for the toe berm.

This appendix discusses the computer program used for slope stability analysis (Section 2.0), the
evaluation methodology (Section 3.0), the slope cross-section analysis (Section 4.0), the initial slope
stability analysis (Section 5.0), the revised slope stability analysis (Section 6.0), and conclusions and
recommendations (Section 7.0). References used to prepare this appendix are listed after Section 7.0.
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Section 2. Computer Program

Slope stability was analyzed using the computer program GSTABL7® (Version 2.0) developed by
Gregory Geotechnical Software (2001) with the user interface program STEDwin® (Version 3.56)
developed by Annapolis Engineering Software. GSTABL7° is an improved version of the original
STABL computer program developed at Purdue University in 1988.
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Section 3. Evaluation Methodology

GSTABL7° performs two-dimensional limit equilibrium analysis using the method of slices to compute
factors of safety against slope instability based on any of the following four analysis procedures:

= Modified Bishop method for circular failure surfaces (this method satisfies only moment
equilibrium).

= Simplified Janbu method for circular, random, or sliding block failure surfaces (this method
satisfies only force equilibrium).

= Spencer method for circular, random, or sliding block failure surfaces (this method satisfies both
force and moment equilibrium).

= Morgenstern-Price method for circular, random, or sliding block failure surfaces (this method
also satisfies both force and moment equilibrium).

Because they satisfy both force and moment equilibrium, the factors of safety computed from the Spencer
and the Morgenstern-Price methods were considered more accurate than those obtained from the other
two methods; however, the factors of safety computed using the modified Bishop method for circular
failure surfaces are very close to those computed using the Spencer and Morgenstern-Price methods. The
simplified Janbu method often yielded conservative factors of safety.

Slope stability was evaluated using the Spencer method for sliding block failure surfaces (with the active
and passive wedges generated according to the Rankine theory) and using the Bishop method for circular
failure surfaces.
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Section 4. Slope Cross-Section Analysis

A typical cross-section along the proposed toe berm was analyzed for slope stability. The approximate
location of the cross-section is shown in Attachment 1 to this appendix.

The subsurface conditions under the cross section were determined based on: 1) logs for test boring S-03
and cone penetration test CPT-16 and 2) Figures 7 and 8 for cross sections A-A’ and B-B’ as presented in
the landfill liquefaction potential report (TtEMI and ITSI, 2004; Appendix D to the main report). The
subsurface information was verified using the Bay Mud thickness map (Figure 3-3a) and top of Bay Mud
elevation contour map (Figure 3-3b) in the revised final Phase 11l Parcel E groundwater summary report
(TtEMI, 2004).

Attachment 1 presents the slope stability cross section used. Based on this cross section, the toe berm is
likely to be underlain by approximately 15 feet of potentially liquefiable sand or silt fill. No subsurface
information is available for areas beyond the shoreline; therefore, it is assumed that top of the Bay Mud is
at an elevation of -10 feet below the bay. Based on cross sections A-A’ and B-B’, it appears that the Bay
Mud underlies waste materials within the interior portions of the Landfill.
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Section 5. Initial Slope Stability Analysis

The initial slope stability analysis assumes that the slope would not require reinforcement with a
geotextile fabric. The analysis involved static and pseudo-static analysis of a typical cross section of the
slope during conditions with and without soil liquefaction as discussed below.

5.1. INITIAL STATIC ANALYSIS WITHOUT SOIL LIQUEFACTION

The initial static slope stability analysis was performed using an effective friction angle of 32 degrees for
the sand and silt fill underlying the proposed toe berm. This analysis yielded a factor of safety of 1.78 for
circular failure surfaces. This factor of safety is acceptable because it is greater than the generally
accepted minimum value of 1.5. Attachment 2 presents the results of the initial static slope stability
analysis.

5.2.  INITIAL PSEUDO-STATIC ANALYSIS WITHOUT SOIL LIQUEFACTION

The purpose of this analysis is to determine the potential for permanent displacement of the toe berm
during the MPE, assuming no liquefaction of the subgrade. First, a pseudo-static slope stability analysis
was performed to determine the yield acceleration value. The yield acceleration value is the equivalent
horizontal acceleration within the potential failure surface that results in a factor of safety of 1. Based on
a rule-of-thumb noted in the RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste
Landfill Facilities, if the yield acceleration is less than half of the peak horizontal bedrock acceleration
(PHBA) value, the permanent displacement is likely to exceed 1 foot (U.S. Environmental Protection
Agency [EPA], 1995).

Attachment 3 presents the results of the initial pseudo-static analysis. The analysis shows a yield
acceleration of 0.18 gravity (g) for the cross section analyzed. The landfill liquefaction potential report
states that Parcel E is likely to experience a PHBA of 0.45 during the MPE event (TtEMI and
ITSI, 2004); therefore, the yield acceleration value is less than half of the PHBA value, suggesting that
the toe berm slope could experience a permanent displacement of greater than 1 foot during the MPE. A
revised pseudo-static analysis that shows a permanent displacement of less than 1 foot is discussed in
Section 4.0 below.

5.3. INITIAL STATIC ANALYSIS WITH SOIL LIQUEFACTION

Based on the landfill liquefaction potential report (TtEMI and ITSI, 2004), it was assumed that the entire
sand or silt fill material underlying the southern perimeter of the Landfill would liquefy under the MPE.
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Section Q1 Introduction

Such liquefaction would impact the slope stability of the proposed toe berm, which in turn could impact
slope stability of the Landfill and adjacent final cap; therefore, a slope stability analysis was performed
for the toe berm based on residual shear strength within the sand and silt fill resulting from liquefaction.

According to the EPA guidance (EPA, 1995), a static slope stability analysis is appropriate for a post-
liquefaction seismic analysis. In such an analysis, the seismic coefficient is set equal to zero (to indicate
the absence of earthquake loading). The reason for this approach is that it takes several cycles of
earthquake loading for liquefaction to mobilize, and by the time liquefaction is fully mobilized, the
earthquake loading would be negligible. This seismic design document also states that a safety factor
of 1.1 may be considered acceptable for post-liquefaction conditions.

The following subsections discuss the residual shear strength of liquefied soil and the results of the initial
static analysis with soil liquefaction.

5.3.1. Residual Shear Strength of Liquefied Soil

The residual shear strength assigned to the liquefied sand and silt is the key parameter in determining
slope stability under post-liquefaction conditions. The Seed and Harder (1990) chart based on empirical
data has been widely used to estimate the residual shear strength of liquefied soils. This chart directly
correlates undrained residual shear strength (S, ;) of the liquefied soil to the equivalent sand blow count
(Ny)eo-cs Values. It should be noted that this chart does not account for strength variation resulting from
varying confining stress. A Stark and Mesri (1992) chart correlates Su, r to both the initial vertical stress
and (Ny)eo-cs. More recently, Seed and others (2001) have suggested that a weighted average of the S, |
values from both the above charts should be used, with the weighting based on fines content.

5.3.2. Results of Initial Static Analysis with Soil Liquefaction

The initial slope stability analysis discussed above was performed using both a weighted Sy, r value based
on Seed and others (2001) and also using the S, ; value estimated solely from the Stark and Mesri (1992)
chart. Attachment 4 presents the residual shear strength calculations for both values.

The initial slope stability analysis based on the weighted average (weighted 2:1 in favor of Seed and
Harder 1990) yielded a safety factor of 1.87, which is greater than the static safety factor; therefore, the
Su,r values based on the weighted average are likely to be unrealistic because the Seed and Harder (1990)
chart uses a uniform Sur value with depth, which may be unconservative (in spite of the averaging) for
shallow failure surfaces similar to the one analyzed here. The analysis was therefore repeated using the
Su, r values estimated based solely on Stark and Mesri (1992) chart. In this analysis, the S,  value was
varied linearly with depth using the “nonlinear undrained shear strength” option in the GSTABL7°
computer program.  The analysis yielded a safety factor of 0.84, which is less than the
EPA-recommended value of 1.1. Attachment 5 presents the slope stability analysis results.
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Section 6. Revised Slope Stability Analysis

To improve the safety factor against slope failure of the proposed toe berm under post-liquefaction
conditions, it is proposed that a layer of high tensile-strength geogrid be placed under the toe berm. The
following analysis accounts for slope reinforcement with a geogrid.

6.1. REVISED STATIC ANALYSIS WITH SOIL LIQUEFACTION

After an iterative analysis, it was determined that a Tensar UX1500HS or equivalent geogrid with a
long-term design tensile strength of 3,100 pounds per foot would be required to increase the safety factor
to 1.1. It should be noted that this safety factor is likely to be conservative because of the use of S, ,
values estimated based on the Stark and Mesri (1992) chart. Attachment 6 presents the final results of the
iterative slope stability analysis and shows the proposed location of the geogrid reinforcement.

6.2. REVISED STATIC AND PSEUDO-STATIC ANALYSIS WITHOUT SOIL
LIQUEFACTION

To account for the inclusion of the geogrid reinforcement discussed above, the initial static and pseudo-
static slope stability analyses discussed in Sections 5.1 and 5.2 were revised. Attachment 7 presents the
results of the revised analyses. The revised static slope stability analysis resulted in a safety factor
of 2.33. The revised pseudo-static slope stability analysis shows that the yield acceleration increased
to 0.25 g with the use of the geogrid reinforcement. Because 0.25 g is greater than half of the PHBA
value of 0.45 g, the permanent displacement is estimated to be less than 1 foot.
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Section 7. Conclusions and Recommendations

The results of the slope stability analyses presented herein show that a geogrid layer (Tensar UX1500HS
or equivalent) with a long-term design tensile strength of 3,100 pounds per foot should be placed below
the proposed toe berm to achieve an adequate safety factor against slope failure if the sand and silt fill
were to fully liquefy during the MPE. The pseudo-static slope stability analysis shows that this geogrid
would also help limit the seismically induced permanent displacement to less than 1 foot under
non-liquefaction conditions.
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Attachment 1. Slope Stability Cross Section
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Tetra Tech EM Inc.

Log of Boring: S-03

Drilling Method: Rotary Wash

Project: Nonstandard Data Gaps Investigation Boring Started: 04/08/02
Logged By: S. Delhomme Project No: DO 003 Completed: 04/08/02
Logging Consultant: Tetra Tech Location: IR-01/21 Landfill Boring Depth (feet bgs): 61.50
Drilling Company: Pitcher Ground Surface Elevation (feet MSL):12.47 Boring Diameter (inches):
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Tetra Tech EM iInc.

Log of Boring: S-03

Project: Nonstandard Data Gaps Investigation
Location: IR-01/21 Landfill

Project No: DO 003
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TABLE 6: SUMMARY OF LIQUEDFACTION POTENTIAL for PGA 0.6 g
Draft Parcel E Nonstandard Data Gaps Investigation, Landfill Liquefaction Potential, Hunters Point Shipyard, San Francisco, California

Depth Borings Cone Penetrometer Tests
feet 1 2 3 4 5 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 22 23 24 25 26

60 : i
1. Depth intervals with estiamted deterministic factors of safety less than 1.2.




TABLE F-9: CALCULATIONS FOR LIQUEFACTION POTENTIAL, GROUND ACCELERATION (0.50 GRAVITY§

BORING LOCATION S-03

Draft Parcel E Nonstandard Data Gaps Investigation, Landfill Liquefaction Potential, Hunters Point Shipyard, San Francisco, California

Date Completed: June 23, 2003
Maximum Horizontal
Comments: Horizontal Displacement: Displacement’®, feet:
First Sample Rod Length, feet': 6 Height of Nearest Slope Face®, feet: 0
Depth to Groundwater, feet: 10 Distance from Slope Face, feet: 0 No Free Face
Ko for Dry Sand: 0.5 Distance from Slope Face, feet: 0] No Free Face
Distance from Slope Face, feet: 0 No Free Face
Distance from Slope Face, feet: 0 No Free Face
Ground Surface Grade’, %: 3 18
Total Settlement, inch: 6.7
Liquefaction Maximum Horizontal
Depth (feet bgs) Soil Type SPT (N) Deterministic FS§* Probability5 Settlement (inch) Displacement® (feet)
2 6 11
4 2 13
6 2 8
8 1 12
10 7 7
12 7 5
14 1 10 <1 95% 14 1.8
16 1 24 <1 95% 1.0
18 1 21 <1 95% 1.0 1.8
20 1 12 <1 95% 1.4 1.8
22 5 3
24 5 23
26 5 33
28 5 23
30 5 23
32 7 6
34 7
36 7
38 7
40 7
42 7
44 7
46 7
48 7 16
50 7 17
52 1 64 >1.5 20%
54 1 64 >1.5 20%
56 3 45 <1 95% 1.0
58 1 64 >1.5 50%
60 1 55 <1 95% 1.0
See Table F-1 for Notes 1 through 8.
Appendix F, Draft Landfill Liquefaction Potential F-9




TABLE F-47: CALCULATIONS FOR LIQUEFACTION POTENTIAL, GROUND ACCELERATION (0.50 GRAVITY)
CPT LOCATION 16
Draft Parcel E Nonstandard Data Gaps Investigation, Landfill Liquefaction Potential, Hunters Point Shipyard, California

Date Completed: June 23, 2003
Comments: Horizontal Displacement:
Depth to Groundwater, feet: 10 Height of Nearest Slope Face, feet: 0
Distance from Slope Face, feet: 0
Ground Surface Grade, %: 3
Depth to Top of Layer of Concern: 0
Depth to Bottom of Layer of Concern: 1
Maximum Displacement, feet: 3
Depth FS Total Settlement Horizontal Displacement
(feet bgs) SPT (Nyg) SBT Quines VS (Misec) (Qqnes) FS (Vs) (inch) Sloping Ground (feet)
0.5 20 10 79
1.5 31 9 92
2.5 27 9 106
34 24 9 72
4.4 19 9 64
5.4 11 9 35
6.4 16 9 49 3,764 >1.5
7.3 15 9 46
8.2 17 9 52
9.2 16 9 49
10.2 19 9 66 <1 1.8
11.2 17 9 77 3,249 <1 >1.5 1.8
12.1 17 9 77 <1 1.9
13.2 14 9 71 <1 1.9
14.3 21 9 82 2,457 <1 >1.5 1.8
15.3 13 9 40 <1 1.8
16.2 10 7 57 <1 3.1
17.2 15 7 65 2,259 <t >1.5 3.1
18.2 12 7 68 <1 3.1
19.2 13 7 77 <1 3.1
20.2 21 7 115 <1 3.1
21.2 16 9 85 2,060 <1 >1.5 1.8
22.2 11 9 60 <1 1.8
23.1 15 9 80 <1 1.8
24.1 19 7 109 2,655 <1 >1.5 341
25.1 18 9 87 <1 1.8
26.1 6 7 62 <1 3.1
271 12 7 36 3,804 <1 >1.5 3.1
28.1 19 9 89 <1 1.8
29.0 26 9 135 <1 1.8
30.0 16 9 81 <1 1.8
31.0 12 7 80 1,704 <1 >1.5 3.1
32.0 6 6 71
33.0 5 6 63
34.0 5 6 68 1,823 >1.5
34.9 5 6 63
35.9 5 6 62
36.9 5 6 62
37.9 5 6 60
38.9 4 6 55
39.9 5 6 58
40.9 4 6 55 1,704 >1.5
41.8 5 6 62
42.8 7 6 104
43.8 5 6 69 1,426 >1.5
44.8 1
45.8 4 4 45
46.8 4 6 47 1,585 >1.5

Appendix F, Draft Landfill Liquefaction Potential F-81




TABLE F-47: CALCULATIONS FOR LIQUEFACTION POTENTIAL, GROUND ACCELERATION (0.50 GRAVITY)

CPT LOCATION 16 (Continued)

Draft Parcel E Nonstandard Data Gaps Investigation, Landfill Liquefaction Potential, Hunters Point Shipyard, California

Date Completed:

Comments:

Depth to Groundwater, feet:

June 23, 2003

Horizontal Displacement:

Height of Nearest Slope Face, feet:
Distance from Slope Face, feet:
Ground Surface Grade, %:

Depth to Top of Layer of Concern:

Depth to Bottom of Layer of Concern:

Maximum Displacement, feet:

W-a2O0OWwWwo o

Depth FS Total Settlement Horizontal Displacement

(feet bgs) SPT (NW SBT °mna Vs (m/sec) (QM FS (Vs) (inch) Sloping Ground (feet)

47.7 4 6 52

48.7 14 7 132 <1 3.1

497 19 7 121 2,457 <1 >1.5 3.1

50.7 14 6 177

51.7 12 6 148

52.7 28 9 153 <1 1.8

53.6 56 9 340 >1.5

54.6 72 9 442 >1.5

55.6 76 9 465 >1.5

56.6 57 9 295 >1.5

57.6 54 9 297 >1.5

58.6 71 9 362 >1.5

59.6
See Table F-12 for Notes.
Appendix F, Draft Landfill Liquefaction Potential F-82




Attachment 2.  Results of Initial Static Slope Stability

P:\2005_Projects\25-049_Navy HPS_E-2_RI-FS\B_originals\RI_FS\01Draft\Appendicies\AppendixO_Slope-Stability\Appendix O_Qualitative Slope
Stability Evaluation_040706.doc



Sh

Hunters Point; Toe Berm Sfability; Static; Run#S-1-Bc

n:\projects\emcon\hunters point\stabil\toeberm\s-1-bc.pl2 Run By: NK 9/20/2004 10:48AM
T T [ I

80 | :
Soil  Soil Total Saturated Cohesion Friction Piez.
Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface

No. (pcf)  (pcf) (psf)  (deg) No.

SandSlit 1 120.0 130.0 0.0 320 wWi
Riparap 2 1150 1250 0.0 600 w1
Fill 3 1150 1250 0.0 340 wWi
Waste 4 75.0 85.0 0.0 280 wW1
YBM 5 95.0 105.0 1000.0 0.0 wi1

| | L

R R IR R
0 20 40 60 80 100 120

GSTABL7 v.2 FSmin=1.78
Safety Factors Are Calculated By The Modified Bishop Method
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** GSTABL7 by Garry H. Gregory, P.E. **
** QOriginal Version 1.0, January 1996; Current Version 2.003, June 2002 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
hhkkhkhkhkhkhkhkhkhhkdhhhkhkhhkhhkhkhkhhhkkhkrkhkhhkhhhhhhhdhhhhhhhhhhdhhdhhhkhkhhhhhhkhhkhhhhhkhbhkhhkkhkhdxhkhkik
SLOPE STABILITY ANALYSIS SYSTEM

Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
khkkhhkkhkhkhkdhhkhhhkhkdhhkhhhhhkhhhkhkhhkhkhhhhhhbhhkhhdhkhhhkhhhbhkhhbhhhkhhkdhhkhdhdhhkdhbhhbdhhbhhdhhhbddhkkhkhkhhkx

Analysis Run Date: 9/20/2004

Time of Run: 10:48AM

Run By: . NK

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\s-1l-bc.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\s-1-bc.OUT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\s-1-bc.PLT
PROBLEM DESCRIPTION: Hunters Point; Toe Berm Stability;
Static; Run#S-1-Bc
BOUNDARY COORDINATES
8 Top Boundaries
20 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (£t) (£t) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 1
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 49.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 13.00 41.50 15.00 40.00 1
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 1
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 1
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00 1
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 20.00 23.00 5
19 20.00 23.00 40.00 23.00 5
20 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
5 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pct) (pcf) (pst) (deq) Param. (psf) No.
1 120.0 130.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 115.0 125.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 95.0 105.0 1000.0 0.0 0.00 0.0 1
1 PIEZOMETRIC SURFACE (S) SPECIFIED
Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 4 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 40.00
2 9.30 40.00

3 13.00 41.50
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4 120.00 43.00
Searching Routine Will Be Limited To An Area Defined By 1 Boundaries
Of Which The First 1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)
1 0.00 0.00 10.00 0.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(ft)
and X = 21.00(ft)
Each Surface Terminates Between X = 31.00(ft)

and X = 80.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
5.00(ft) Line Segments Define Each Trial Failure Surface.
Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 4,92 36.13
3 9.92 35.88
4 14.90 36.27
5 19.80 37.27
6 24.53 38.88
7 29.03 41.08
8 33.21 43.82
9 37.01 47.07
10 37.86 48.00
Circle Center At X = 9.37 ; ¥ = 75.39 ; and Radius = 39.52
Factor of Safety
* k% 1_779 * %k
Individual data on the 20 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1lbs) (1bs) (lbs) (1bs) (1lbs) (1bs) (1bs) (1bs)
1 4.9 824.2 698.3 1071.9 0. 0. 0.0 0.0 0.0
2 4.4 1957.6 155.5 1087.9 0. 0. 0.0 0.0 0.0
3 0.6 352.4 0.0 151.6 0. 0. 0.0 0.0 0.0
4 3.1 1976.3 0.0 873.9 0. 0. 0.0 0.0 0.0
5 1.9 1345.3 0.0 633.5 0. 0. 0.0 0.0 0.0
6 0.1 69.4 0.0 32.5 0. 0. 0.0 0.0 0.0
7 3.1 2219.4 0.0 989.6 0. 0. 0.0 0.0 0.0
8 1.7 1149.3 0.0 472.8 0. 0. 0.0 0.0 0.0
9 1.2 811.1 0.0 326.3 0. 0. 0.0 0.0 0.0
10 1.5 1008.9 0.0 364.5 0. 0. 0.0 0.0 0.0
11 2.0 1415.4 0.0 416.7 0. 0. 0.0 0.0 0.0
12 1.2 86l1.1 0.0 210.6 0. 0. 0.0 0.0 0.0
13 1.1 743.6 0.0 143.7 0. 0. 0.0 0.0 0.0
14 2.2 1530.6 0.0 179.5 0. 0. 0.0 0.0 0.0
15 1.0 680.3 0.0 24.2 0. 0. 0.0 0.0 0.0
16 1.0 635.2 0.0 0.0 0. 0. 0.0 0.0 0.0
17 2.2 1244.5 0.0 0.0 0. 0. 0.0 0.0 0.0
18 3.8 1118.5 0.0 0.0 0. 0. 0.0 0.0 0.0
19 0.7 - 44.8 0.0 0.0 0. 0. 0.0 0.0 0.0
20 0.1 0.9 0.0 0.0 0. 0. 0.0 0.0 0.0
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.90 36.86
3 11.90 36.77
4 16.86 37.39
5 21.68 38.72
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[ 26.26 40.74
7 30.50 43.39
8 34.31 46.62
9 35.52 48.00
Circle Center At X 10.08 ; ; and Radius

Factor of Safety
* k& 1'792 * g K
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 3.28 38.14
2 8.23 37.40
3 13.23 37.32
4 18.19 37.92
5 23.03 39.18
6 27.66 41.07
7 31.99 43.56
8 35.95 46.62
9 37.32 48.00
Circle Center At X = 11.26 ; ¥ = 74.57 ; and Radius = 37.30
Factor of Safety
* ok k 1_796 * k%
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.84 36.56
3 11.83 36.17
4 16.81 36.51
5 21.70 37.59
6 26.37 39.38
7 30.72 41.83
8 34.67 44,91
9 37.61 48.00
Circle Center At X = 11.98 ; Y = 69.97 ; and Radius = 33.80
Factor of Safety
* %k 1.807 * ok ok
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 3.28 38.14
2 8.20 37.24
3 13.20 37.02
4 18.17 37.48
5 23.04 38.061
6 27.72 40.39
7 32.10 42.79
8 36.12 45,77
9 38.83 48.41
Circle Center At X = 12.32 ; Y = 73.72 ; and Radius = 36.71
Factor of Safety
* Kk k 1.841 * %k %k
Failure Surface Specified By 8 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 5.25 38.82
2 10.19 38.05
3 15.19 38.07
4 20.13 38.88
5 24.87 40.45
6 29.31 42.75
7 33.34 45.71
8 35.59 48.00
Circle Center At X = 12.56 ; Y = 69.37 ; and Radius = 31.42

Factor of Safety
* Kk k 1_847 * %k %
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Falilure Surface Specified By 8 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 5.25 38.82
2 10.01 37.28
3 14.98 36.76
4 19.95 37.30
5 24.70 38.87
6 29.01 41.40
7 32.70 44,77
8 35.00 48.00
Circle Center At X = 14.90 ; Y = 60.36 ; and Radius = 23.60
Factor of Safety
* Kk ok 1'857 * k%
Failure Surface Specified By 8 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 6.56 39.27
2 11.43 38.12
3 16.43 37.93
4 21.37 38.70
5 26.07 40.39
6 30.36 42.96
7 34.08 46.30
8 35.37 48.00
Circle Center At X = 14.92 ; ¥ = 63.58 ; and Radius = 25.71
Factor of Safety
* Kk 1.862 * % Kk
Failure Surface Specified By 8 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 6.56 39.27
2 11.52 38.61
3 16.52 38.71
4 21.44 39.57
5 26.18 41.16
6 30.63 43.46
7 34.67 46.40
8 36.28 48.00
Circle Center At X = 13.37 ; ¥ = 71.06 ; and Radius = 32.51
Factor of Safety
* k ok 1'871 * %k
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.86 36.66
3 11.86 36.49
4 16.81 37.16
5 21.58 38.67
6 26.02 40.97
7 30.01 43.99
8 33.42 47.64
9 33.66 48.00
Circle Center At X = 10.38 ; Y = 65.76 ; and Radius = 29.31
Factor of Safety
* k& 1.874 * kX

*%**% END OF GSTABL7 OQUTPUT ****




Attachment 3. Results of Initial Pseudo-Static Slope
Stability Analysis
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Hunters Point; Toe Berm Stability; Yield Acceleration; Run#Y-1-Bc

n:\projects\emconihunters pointistabilttoebermiy-1 -bc.pl2 Run By: NK 9/20/2004 10:47AM
f I

80 : . :
Soil Soil Total Saturated Cohesion Friction Piez. Load Value

Desc. Type UnitWt. Unit Wt. Intercept Angle Surface|| Peak(A) 0.360(g)
No. (pcf) (pcf) (psf) (deg) No. kh Coef. 0.180(g)<

120.0  130.0 0.0 320 W1

SandSIit 1
Riparap 2 1150 1250 0.0 60.0 WA
Fill 3 1150 1250 0.0 34.0 WA
Waste 4 75.0 85.0 0.0 28.0 W1
YBM 5 95.0 105.0 1000.0 0.0 WA
60 — —
p
4

| |
80 100 120

R R RN R 1
0 20 40 60

GSTABL7 v.2 FSmin=1.00
Safety Factors Are Calculated By The Modified Bishop Method

Shaw" EMOONOWT Inc.
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** GSTABL7 by Garry H. Gregory, P.E. **
** QOriginal Version 1.0, January 1996; Current Version 2.003, June 2002 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
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SLOPE STABILITY ANALYSIS SYSTEM

Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
Ahkkkhkhkhkhkhkkhkkhkhhkhkkhkdhhkhkhkhkhkdhhhhhbhhkhhkhhhkdkhkhkhhkhhkhkhhhkhhhhkhkhrhhhhhhhdrhhkhhkhhkhrrbhhhkhhkhikk

Analysis Run Date: 9/20/2004

Time of Run: 10:478M

Run By: NK

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\Y-1-bc.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\Y-1-bc.OUT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\Y-l-bc.PLT
PROBLEM DESCRIPTION: Hunters Point; Toe Berm Stability;
Yield Acceleration; Run#Y-1-Bc
BOUNDARY COORDINATES
8 Top Boundaries
20 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 1
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 49.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 13.00 41.50 15.00 40.00 1
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 1
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 1
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00 1
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 20.00 23.00 5
19 20.00 23.00 40.00 23.00 5
20 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
5 Type(s) of Soil .
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pct) (pct) (psf) (deg) Param. (psf) No.
1 120.0 130.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 115.0 125.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 95.0 105.0 1000.0 0.0 0.00 0.0 1

1 PIEZOMETRIC SURFACE (S) SPECIFIED
Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 4 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water
No. (ft) (ft)
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1 0.00 40.00
2 9.30 40.00
3 13.00 41.50
4 120.00 43.00

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries
Of Which The First 1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)
1 0.00 0.00 10.00 0.00
Specified Peak Ground Acceleration Coefficient (A) = 0.360(g)
Specified Horizontal Earthquake Coefficient (kh) = 0.180(g)
Specified Vertical Earthquake Coefficient (kv) = 0.000(g)
Specified Seismic Pore-Pressure Factor = 0.000

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(ft)
and X = 21.00(ft)

Each Surface Terminates Between X 31.00(£ft)
and X = 80.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
5.00(ft) Line Segments Define Each Trial Failure Surface.
The Factor Of Safety For The Trial Failure Surface Defined
Failure Surface Specified By 10 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 4,92 36.13
3 9.92 35.88
4 14.90 36.27
5 19.80 37.27
6 24.53 38.88
7 29.03 41.08
8 33.21 43.82
9 37.01 47.07
10 37.86 48.00
Circle Center At X = 9.37 ; Y = 75.39 ; and Radius = 39.52
Factor of Safety
* k% 0'999 * k%
Individual data on the 20 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1bs) (lbs) (1lbs) (1bs) (1lbs) (1bs) (1bs) (1lbs)
1 4.9 824.2 698.3 1071.9 0. 0. 148.4 0.0 0.0
2 4.4 1957.6 155.5 1087.9 0. 0. 352.4 0.0 0.0
3 0.6 352.4 0.0 151.6 0. 0. 63.4 0.0 0.0
4 3.1 1976.3 0.0 873.9 0. 0. 355.7 0.0 0.0
5 1.9 1345.3 0.0 633.5 0. 0. 242.2 0.0 0.0
6 0.1 69.4 0.0 32.5 0. 0. 12.5 0.0 0.0
7 3.1 2219.4 0.0 989.6 0. 0. 399.5 0.0 0.0
8 1.7 1149.3 0.0 472.8 0. 0. 206.9 0.0 0.0
9 1.2 811.1 0.0 326.3 0. 0. 146.0 0.0 0.0
10 1.5 1008.9 0.0 364.5 0. 0. 181.6 0.0 0.0
11 2.0 1415.4 0.0 416.7 0. 0. 254.8 0.0 0.0
12 1.2 861.1 0.0 210.6 0. 0. 155.0 0.0 0.0
13 1.1 743.6 0.0 143.7 0. 0. 133.9 0.0 0.0
14 2.2 1530.6 0.0 179.5 0. 0. 275.5 0.0 0.0
15 1.0 680.3 0.0 24.2 0. 0. 122.4 0.0 0.0
16 1.0 635.2 0.0 0.0 0. 0. 114.3 0.0 0.0
17 2.2 1244.5 0.0 0.0 0. 0. 224.0 0.0 0.0
18 3.8 1118.5 0.0 0.0 0. 0. 201.3 0.0 0.0
19 0.7 44.8 0.0 0.0 0. 0. 8.1 0.0 0.0
20 0.1 0.9 0.0 0.0 0. 0. 0.2 0.0 0.0
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Failure Surface Specified By 9 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.90 36.86
3 11.90 36.77
4 16.86 37.39
5 21.68 38.72
6 26.26 40.74
7 30.50 43.39
8 34.31 46.62
9 35.52 48.00
Circle Center At X = 10.08 ; Y = 71.31 ; and Radius = 34.59
Factor of Safety
* Kk Kk 1‘012 * ok ok
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.84 36.56
3 11.83 36.17
4 16.81 36.51
5 21.70 37.59
6 26.37 39.38
7 30.72 41.83
8 34.67 44,91
9 37.61 48.00
Circle Center At X = 11.98 ; ¥ = 69.97 ; and Radius = 33.80
Factor of Safety
* %k ok 1'027 * % Kk
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 3.28 38.14
2 8.23 37.40
3 13.23 37.32
4 18.19 37.92
5 23.03 39.18
6 27.66 41.07
7 31.99 43.56
8 35.95 46.62
9 37.32 48.00
Circle Center At X = 11.26 ; Y = 74.57 ; and Radius = 37.30
Factor of Safety
* k& 1.028 * %k
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.86 36.66
3 11.86 36.49
4 16.81 37.16
5 21.58 38.67
6 26.02 40.97
7 30.01 43.99
8 33.42 47.64
9 33.66 48.00
Circle Center At X = 10.38 ; ¥ = 65.76 ; and Radius = 29.31
Factor of Safety
* %k 1_040 * oKk
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (fr)
1 3.28 38.14
2 8.20 37.24

3 13.20 37.02
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4 18.17 37.48
5 23.04 38.61
6 27.72 40.39
7 32.10 42.79
8 36.12 45.77
9 38.83 48.41
Circle Center At X = 12.32 ; Y = 73.72 ; and Radius = 36.71
Factor of Safety
* %k 1.049 * kK
Failure Surface Specified By 11 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (£ft)
1 0.00 37.00
2 4.98 36.56
3 9.98 36.55
4 14.96 36.97
5 19.89 37.81
6 24,73 39.08
7 29.44 40.77
8 33.98 42.85
9 38.33 45,31
10 42,45 48.14
11 43.49 49.00
Circle Center At X = 7.61 ; Y = 94.44 ; and Radius = 57.94
Factor of Safety
* %k 1.061 * %k
Failure Surface Specified By 10 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 5.44 35.77
3 10.39 35.04
4 15.39 35.04
5 20.33 35.78
6 25.11 37.24
7 29.63 39.39
8 33.78 42.18
9 37.47 45.55
10 40.28 49.00
Circle Center At X = 12.86 ; Y = 68.71 ; and Radius = 33.77
Factor of Safety
* %k k 1.061 * kK
Failure Surface Specified By 10 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 4.70 35.31
3 9.62 34.41
4 14.62 34.34
5 19.57 35.10
6 24.31 36.67
7 28.74 38.99
8 32.72 42.02
S 36.15 45.66
10 37.71 48.00
Circle Center At X = 12.52 ; Y = 64.23 ; and Radius = 29.97
Factor of Safety
* % Kk 1.063 * % %k
Failure Surface Specified By 10 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 6.27 36.82
3 11.27 36.69
4 16.26 37.06
5 21.18 37.94
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6 25.99 39.30
7 30.64 41.15
8 35.07 43.45
9 39.25 46.19
10 42.72 49.00
Circle Center At X = 10.07 ; Y = 86.05 ; and Radius = 49.38
Factor of Safety
* % % 1.064 * Kk ok

*¥*%*x END OF GSTABL7 OUTPUT ****




Attachment 4. Estimates of Residual Shear Strength
of Liquefaction Soil

P:\2005_Projects\25-049_Navy HPS_E-2_RI-FS\B_originals\RI_FS\01Draft\Appendicies\AppendixO_Slope-Stability\Appendix O_Qualitative Slope
Stability Evaluation_040706.doc
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FIG. 4. Relationship between Undrained Critical Strength from Case Histories and
Blow Count [from Seed and Harder (1990)] '
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FIG. 5. Relationship between Undrained Critical Strength Ratio and Equivalent
Clean Sand Blow Count Based on Critical Strength Fines-Content Correction




Hunters Point
Slope Stability of Toe Berm
Undrained Shear Strength of Liquefied Sand

Soil No. Approx.1 Undrained Shear Strength
(N1)so-cs | Seed & Harder, 1990 Stark & Mesri, 1992 Weighted*

Su,r G'vo Su,r/(-y'vo Su,r Su,r

(kPa) (psf) (psf) (psf) (psf)

6 15 22 460 100 0.2 20 310

7 15 22 460 235 0.2 47 320

8 15 22 460 715 0.2 143 350

9 15 22 460 1410 0.2 282 400

Note:

1. N values based on test boring SB-03 and cone peneration CPT-16
2. A 2:1 weighting in favor of Seed & Harder was used, based on
Seed et al. (2001) recommendations




Hunters Point

Slope Stability of Toe Berm

Undrained Shear Strength of Liquefied Sand

Soil No. | Approx.’
(N)so-cs Stark & Mesri, 1992

G'vo Su,r/c'vo Su,r
(psf) (psf)

6 15 100 0.2 20

7 15 235 0.2 47

8 15 715 0.2 143

g 15 1410 0.2 282

Note:

1. N values based on test boring SB-03 and cone peneration CPT-16
2. 8, at the top of sand/silt fill, which was increase linearly with

depth in GSTABL7




Attachment 5. Results of Post-Liquefaction Slope
Stability Analysis (Without Geogrid
Reinforcement)

P:\2005_Projects\25-049_Navy HPS_E-2_RI-FS\B_originals\RI_FS\01Draft\Appendicies\AppendixO_Slope-Stability\Appendix O_Qualitative Slope
Stability Evaluation_040706.doc
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n:\projects\emconthunters pointistabiltoeberm

Hunters Point; Toe Berm Stability; Under Liquefied Condition; Run#L-1-Bc
\l-1-bc.pl2 Run By: NK 9/20/2004 12:44PM

Soil
Desc.

SandSlit
Riparap
Fill
Waste
YBM
L-Sand-1
L-Sand-2

T L-Sand-3

L-Sand-4

Soil Total Saturated Cohesion Frictioln Piez.
Intercept Angle Surface

Type Unit Wt.
No.

cooo\lmcn-hwm—\g

(pcf)

120.0
115.0
115.0
75.0

95.0

120.0
120.0
120.0
120.0

Unit Wt.
(pch)
130.0
125.0
125.0
85.0
105.0
130.0
130.0
130.0
130.0

(psf)  (deg)
0.0

0.0 60.0
0.0 34
0.0 28
10000 O
330.0 0
340.0 0
380.0 0
410.0 0

Wi1
w1
w1
W1
w1
w1

I

1

Shaﬁ'“ EMCON/OWT, Inc.

20

40

60
GSTABL7 v.2 FSmin=1.87

80 100 120

Safety Factors Are Calculated By The Modified Bishop Method
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* %k GSTARL7 * %%k
** GSTABL7 by Garry H. Gregory, P.E. **
** Qriginal Version 1.0, January 1996; Current Version 2.003, June 2002 *x*
(A1l Rights Reserved-Unauthorized Use Prohibited)
hkhkhkhkhhhkhhhdhbhhkhhkhkhkdbhbhkhkdhkhddhbhohhkhkdkrhbhkhhkhkhkhkhkhkhhhhhbrhhhhhhhkhhdhhhhhbhkhhhhhkhkhrhkhkdkkhkkhsk
SLOPE STABILITY ANALYSIS SYSTEM
Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
KAhkhkAhkhkhhkhhkhhhhhhkhbhkhbhkhbhbhbhbrhrhdhkrhkhkhkhhhhdhhohkdhkkhhkhhkhkhhkhkhhhkhhhkhkdhhkhhhhhhkhkdohhbhhbhdhhkdkxk

Analysis Run Date: 9/20/2004

Time of Run: 12:44PM

Run By: NK

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\l-1l-bc.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\1l-1-bc.OUT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\l-1-bc.PLT
PROBLEM DESCRIPTION: Hunters Point; Toe Berm Stability;
Under Liquefied Condition; Run#L-1-Bc
BOUNDARY COORDINATES
8 Top Boundaries
21 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 6
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 49.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 13.00 41.50 15.00 40.00 7
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 7
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 8
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00 8
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 50.00 30.00 9
19 9.00 30.00 20.00 23.00 5
20 20.00 23.00 40.00 23.00 5
21 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
9 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pct) (psf) (deqg) Param. (pst) No.
1 120.0 130.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 115.0 125.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 95.0 105.0 1000.0 0.0 0.00 0.0 1
6 120.0 130.0 330.0 0.0 0.00 0.0 1
7 120.0 130.0 340.0 0.0 0.00 0.0 1
8 120.0 130.0 380.0 0.0 0.00 0.0 1
9 120.0 130.0 410.0 0.0 0.00 0.0 1

1 PIEZOMETRIC SURFACE (S) SPECIFIED
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Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 4 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 40.00
2 9.30 40.00
3 13.00 41.50
4 120.00 43.00

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries
Of Which The First 1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)
1 0.00 0.00 10.00 0.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(ft)
and X = 21.00(ft)
Each Surface Terminates Between X = 31.00(ft)

and X = 80.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(£ft)
5.00(ft) Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surface Specified By 12 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 4.99 34.74
3 9.67 32.97
4 14.57 . 31.96
5 19.56 31.73
6 24,53 32.30
7 29.34 33.65
8 33.88 35.74
9 38.04 38.52
10 41.70 41,93
11 44.78 45.87
12 46.50 49.00
Circle Center At X = 18.44 ; Y = 63.12 ; and Radius = 31.41
Factor of Safety
* k% 1.868 * k ok
Individual data on the 26 slices
Water Water Tie Tie Farthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1bs) (1bs) (1bs) (1bs) (1bs) (1bs) (1bs) (1bs)
1 4.3 1124.7 579.1 1253.4 0. 0. 0.0 0.0 0.
2 4.3 3108.6 149.7 1746.9 0. 0. 0.0 0.0 0.
3 0.4 344.3 0.0 160.8 0. 0. 0.0 0.0 0.
4 3.3 3572.7 0.0 1618.2 0. 0. 0.0 0.0 0.
5 1.6 1931.0 0.0 936.6 0. 0. 0.0 0.0 0.
6 0.4 554.1 0.0 260.2 0. 0. 0.0 0.0 0.
7 3.1 4158.0 0.0 1901.7 0. 0. 0.0 0.0 0.
8 1.4 1961.2 0.0 868.2 0. 0. 0.0 0.0 0.
9 1.4 2029.6 0.0 885.0 0. 0. 0.0 0.0 0.
10 1.5 2169.8 0.0 908.1 0. 0. 0.0 0.0 0.
11 2.0 3085.9 0.0 1204.9 0. 0. 0.0 0.0 0.
12 1.2 1933.4 0.0 730.0 0. 0. 0.0 0.0 0.
13 3.6 5850.1 0.0 1990.5 0. 0. 0.0 0.0 0.
14 1.7 2760.8 0.0 877.8 0. 0. 0.0 0.0 0.
15 2.9 4550.9 0.0 1326.8 0. 0. 0.0 0.0 0.
16 3.6 4825.2 0.0 1321.6 0. 0. 0.0 0.0 0.
17 0.5 570.7 0.0 132.1 0. 0. 0.0 0.0 0.

QOO0 OO0 OODODO0OOOCOOOO
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Failure Surface Specified By 12 Coordinate Points

X-Surf Y-Surf
(ft) (ft)
1.97 37.68
5.88 34.57
10.30 32.23
15.08 30.7¢6
20.05 30.20
25.03 30.58
29.86 31.88
34.36 34.06
38.38 37.03
41.78 40.70
44,43 44.94
46.01 49.00

Circle Center At

Factor of

X = 20.51 ;
Safety

1.883 *kox
Failure Surface Specified By 12

X-Surf Y-Surf
(ft) (ft)
1.31 37.45
5.30 34.43
9.80 32.26
14.64 31.01
19.63 30.75
24.58 31.48
29.29 33.18
33.56 35.77
37.24 39.15
40.18 43.20
42 .27 47.74
42.56 49.00

Circle Center At

Factor of

Circle Center At

X = 18.42 ;
Safety

1.894 ok x
Failure Surface Specified By 12

X-Surf Y-Surf
(ft) (ft)

0.66 37.23

4.63 34.20

9.15 32.05

14.01 30.88

19.01 30.74

23.93 31.63

28.56 33.51

32.70 36.31

36.18 39.90

38.84 44.13

40.58 48.82

40.60 49.00

X = 17.19 ;
Factor of Safety
* %k 1_920 * k k

Failure Surface Specified By 12

X-Surf Y-Surf
(ft) (ft)

[eNoNeoNoNeNaNeNoNe)
OO OOOOCOOO0O
OO0OOOCODOOOO
OO0 OO OCOOO0O
leNoNoNoNoNoNoNeNo]
loNoNoNoNoNoNoNoNe]
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OO OOOOOCOO0O

and Radius

Coordinate Points

and Radius

Coordinate Points

and Radius

Coordinate Points

Page 3
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1 1.97 37.68
2 6.27 35.13
3 10.92 33.29
4 15.80 32.19
5 20.79 31.88
6 25.76 32.34
7 30.61 33.59
8 35.20 35.57
9 39.42 38.25
10 43.17 41.55
11 46.36 45,40
12 48.49 49.00
Circle Center At X = 20.29 ; Y = 63.65 ; and Radius = 31.78
Factor of Safety
* % Kk 1_923 J ok ko
Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 2.62 37.91
2 6.77 35.12
3 11.37 33.14
4 16.24 32.04
5 21.24 31.85
6 26.19 32.58
7 30.91 34.20
8 35.26 36.67
9 39.09 39.89
10 42.25 43.76
11 44,65 48.15
12 44.93 49.00
Circle Center At X = 19.75 ; Y = 58.84 ; and Radius = 27.04
Factor of Safety
* kK 10925 * %k
Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 5.16 35.07
3 9.94 33.58
4 14.88 32.81
5 19.88 32.77
6 24.83 33.45
7 29.63 34.85
8 34.18 36.93
9 38.37 39.65
10 42.13 42.96
11 45.36 46.77
12 46.75 49.00
Circle Center At X = 17.66 ; Y = 66.78 ; and Radius = 34.10
Factor of Safety
* % * 1.927 * ok k
Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 5.70 35.06
3 10.42 33.42
4 15.35 32.57
5 20.35 32.55
6 25.29 33.34
7 30.03 34.94
8 34.44 37.29
9 38.40 40.34
10 41.82 43.99
11 44,58 48.16

12 44.9%6 49.00
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Circle Center At X = 17.98 ; Y = 62.70 ; and Radius = 30.26
Factor of Safety
* kK 1_928 * ok k
Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 2.62 37.91
2 6.55 34.81
3 11.03 32.58
4 15.86 31.32
5 20.86 31.08
6 25.80 31.87
7 30.47 33.65
8 34.67 36.35
9 38.24 39.86
10 41.00 44,03
11 42.86 48.67
12 42.92 49.00
Circle Center At X = 19.52 ; Y = 55.26 ; and Radius = 24.22
Factor of Safety
* Kk 1'934 * % %k
Failure Surface Specified By 11 Coordinate Points
Point X~-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 5.62 34.92
3 10.31 33.19
4 15.24 32.32
5 20.24 32.33
6 25.16 33.23
7 29.84 34.98
8 34.14 37.53
9 37.92 40.80
10 41.06 44,69
11 43.42 49.00
Circle Center At X = 17.67 ; Y = 60.37 ; and Radius = 28.16

Factor of Safety
* kK 1.935 * Kk Kk
*¥*xkx END OF GSTABL7 OQUTPUT ****
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Hunters Point; Toe Berm Stability; Under Liquefied Condition; Run#L-3-Bc

n:\projects\emconthunters point\stabiltoeberm\l-3-bc.pl2 Run By: Username 9/21/2004 11:32AM

T

Soil
Desc.

SandSilit
Riparap
Fill
Waste
YBM
L-Sand-1
L-Sand-2

I L-Sand-3

L-Sand-4

Soil Total éaturated Cohesion Frictioln Piez.
Type Unit Wt.

CONDOBWONS

(pcf)
110.0
115.0
110.0
75.0
90.0
110.0
110.0
110.0
110.0

Unit Wit.

(pcf)
120.0
125.0
120.0
85.0
100.0
120.0
120.0
120.0
120.0

Intercept Angle Surface
(psf)  (deg)  No.
0.0 320 wit
00 - 600 Wi
0.0 340 w1
0.0 280 w1
10000 0.0 W1
200NL 0.0 W1
47.0NL 0.0 W1
143.0NL 0.0 Wi
2820NL 0.0 w1

I
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Safety Factors Are Calculated By The Modified Bishop Method
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%* % % GSTABL7 %* %k
** GSTABL7 by Garry H. Gregory, P.E. **
** Qriginal Version 1.0, January 1996; Current Version 2.003, June 2002 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
Kk ok ke ok Kok ek ok ke ke ke e e e ke sk ke sk ke ke ke ke sk ke e vk e sk ke sk ke e e ok e e e ok ke ke e gk sk e ke de e sk ke ke ke ke ke ke ke ok ke ke ke ke ke ok ke ke ke ke ke ok ke ke R e ke ke ke
SLOPE STABILITY ANALYSIS SYSTEM

Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
khkhkhkhkhhhkhkhhkhkhhkkhdhkhohkhkhkhkhkhbkhkhhkhkhhhohhhkhhhkkhkhhdkhorhhhkdohhhhhhrhkhkhhkhhhhohkkhkhrhhhbkhhkkhkhhhkhik

Analysis Run Date: 9/21/2004

Time of Run: 11:32AM

Run By: Username

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\l-3-bc.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\1l-3-bc.OUT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\1-3-bc.PLT
PROBLEM DESCRIPTION: Hunters Point; Toe Berm Stability:
Under Liquefied Condition; Run#L-3-Bc
BOUNDARY COORDINATES
8 Top Boundaries
21 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 6
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 : 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 49.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 13.00 41.50 15.00 40.00 7
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 7
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 8
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00 8
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 50.00 30.00 9
19 9.00 30.00 20.00 23.00 5
20 20.00 23.00 40.00 23.00 5
21 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
9 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pct) (pct) (pst) (deq) Param. (psf) No.
1 110.0 120.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 110.0 120.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 90.0 100.0 1000.0 0.0 0.00 6.0 1
6 110.0 120.0 20.0 0.0 0.00 0.0 1
7 110.0 120.0 47.0 0.0 0.00 0.0 1
8 110.0 120.0 143.0 0.0 0.00 0.0 1
9 110.0 120.0 282.0 0.0 0.00 0.0 1

NONLINEAR SHEAR~STRENGTH PARAMETERS




4 Soil Type(s) Assigned Nonlinear Undrained Shear Strength
Soil Type 6:
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Cu Increases With Depth.

Initial Cu Doubles at

Coefficient b =

Cu Remains Constant Below
Soil Type 7:

Cu Increases With Depth.

Initial Cu Doubles at

Coefficient b =

Cu Remains Constant Below
Soil Type 8:

Cu Increases With Depth.

Initial Cu Doubles at

Coefficient b =
Cu Remains Constant Below Y

Soil Type 9:

Cu Increases With Depth.

Initial Cu Doubles at

Coefficient b =
Cu Remains Constant Below Y
1 PIEZOMETRIC SURFACE (S)

Unit Weight of Water =
Piezometric Surface No.

1.
1.000 Y
Y

4.

1.000 Y
Y

12.

1.000 Y
24.

1.000 Y
SPECIFIED
62.40 (pcf

1 Specified by

70(ft) Below Y
Reference Point
= 30.00(ft)

10(ft) Below Y
Reference Point
= 30.00(ft)

40 (ft) Below Y
Reference Point
= 30.00(£ft)

50(ft) Below Y
Reference Point
= 23.00(ft)

)

Reference Point.
= 38.00(ft)

Reference Point.
= 40.00(ft)

Reference Point.
= 40.00 (ft)

Reference Point.
= 30.00(ft)

4 Coordinate Points

(Cu)

Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 40.00
2 9.30 40.00
3 13.00 41.50
4 120.00 43.00

Searching Routine Will Be Limited To An Area Defined By
Of Which The First

1 Boundaries
1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)
1 0.00 0.00 10.00 0.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(£ft)
and X = 21.00(ft)
Each Surface Terminates Between X = 31.00(ft)
and X = 80.00(ft)

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
3.00(ft) Line Segments Define Each Trial Failure Surface.
The Factor Of Safety For The Trial Failure Surface Defined
Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 2.52 35.37
3 5.22 34.07
4 8.07 33.11
5 11.01 32.51
6 14.00 32.28
7 ©16.99 32.42
8 19.95 32.93
9 22.82 33.81
10 25.56 35.03
11 28.13 36.57
12 30.49 38.43
13 32.60 40.56
14 34.43 42.94
15 35.95 45.52
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16 37.02 48.00
Circle Center At X = 14.36 ; Y = 56.47 ; and Radius = 24.19
Factor of Safety
* Kk 0.836 * % %

Individual data on the 26 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1bs) (1bs) (1lbs) (1lbs) (1lbs) (1bs) (1lbs) (1lbs)
1 2.5 378.0 426.7 713.8 0. 0. 0.0 0.0 0.0
2 2.7 1173.4 296.2 988.0 0. 0. 0.0 0.0 0.0
3 2.8 1947.3 131.4 1199.5 0. 0. 0.0 0.0 0.0
4 1.2 1038.9 0.0 550.9 0. 0. 0.0 0.0 0.0
5 1.7 1590.1 0.0 773.2 0. 0. 0.0 0.0 0.0
6 2.0 2072.8 0.0 1004.4 0. 0. 0.0 0.0 0.0
7 1.0 1110.7 0.0 573.1 0. 0. 0.0 0.0 0.0
8 1.0 1144.8 0.0 577.3 0. 0. 0.0 0.0 0.0
9 2.0 2327.3 0.0 1141.4 0. 0. 0.0 0.0 0.0
10 1.2 1362.2 0.0 658.6 0. 0. 0.0 0.0 0.0
11 1.8 2140.6 0.0 1006.9 0. 0. 0.0 0.0 0.0
12 1.1 1237.5 0.0 582.8 0. 0. 0.0 0.0 0.0
13 1.5 1780.1 0.0 796.4 0. 0. 0.0 0.0 0.0
14 0.3 386.5 0.0 164.7 0. 0. 0.0 0.0 0.0
15 2.7 3318.6 0.0 1355.5 0. 0. 0.0 0.0 0.0
16 0.2 231.8 0.0 91.9 0. 0. 0.0 0.0 0.0
17 2.4 2827.4 0.0 1011.4 0. 0. 0.0 0.0 0.0
18 2.4 2645.6 0.0 791.1 0. 0. 0.0 0.0 0.0
19 0.5 542.5 0.0 139.1 0. 0. 0.0 0.0 0.0
20 1.0 1017.6 0.0 211.1 0. 0. 0.0 0.0 0.0
21 0.6 489.0 0.0 73.5 0. 0. 0.0 0.0 0.0
22 0.9 726.0 0.0 58.5 0. 0. 0.0 0.0 0.0
23 0.9 558.9 0.0 0.0 0. 0. 0.0 0.0 0.0
24 1.5 641.9 0.0 0.0 0. 0. 0.0 0.0 0.0
25 0.8 139.0 0.0 0.0 0. 0. 0.0 0.0 0.0
26 0.3 10.5 0.0 0.0 0. 0. 0.0 0.0 0.0
Failure Surface Specified By 16 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 3.10 35.49
3 5.76 34.09
4 8.57 33.06
5 11.50 32.40
6 14.49 32.13
7 17.48 32.26
8 20.44 32.78
9 23.30 33.69
10 26.01 34.96
11 28.54 36.59
12 30.83 38.53
13 32.84 40.75
14 34.54 43.22
15 35.91 45.89
16 36.65 48.00
Circle Center At X = 15.00 ; Y = 54.82 ; and Radius = 22.70
Factor of Safety
* ok ok 0.845 * % Kk
Failure Surface Specified By 18 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 3.11 35.50
3 5.75 34.08
4 8.54 32.97
5 11.44 32.19
6 14.41 31.76
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7 17.40 31.67
8 20.39 31.93
9 23.33 32.54
10 26.18 33.49
11 28.90 34.76
12 31.45 36.33
13 33.80 38.20
14 35.92 40.32
15 37.77 42.68
16 39.34 45.23
17 40.61 47.95
18 40.95 49.00
Circle Center At X = 16.64 ; Y = 57.36 ; and Radius = 25.71
Factor of Safety
* ok k 0.849 * kK
Failure Surface Specified By 16 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 4.36 35.87
3 6.99 34.42
4 9.80 33.37
5 12.73 32.73
6 15.72 32.52
7 18.71 32.75
8 21.64 33.40
9 24.44 34.47
10 27.06 35.94
11 29.44 37.76
12 31.53 39.91
13 33.29 42.34
14 34.68 45.00
15 35.67 47.83
16 35.71 48.00
Circle Center At X = 15.66 ; Y = 53.25 ; and Radius = 20.73
Factor of Safety
* kK 0.855 * %k Kk
Failure Surface Specified By 18 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 3.04 35.41
3 5.63 33.89
4 8.38 32.70
5 11.26 31.84
6 14.22 31.34
7 17.21 31.20
8 20.20 31.43
9 23.15 32.01
10 26.00 32.95
11 28.72 34.22
12 31.26 35.81
13 33.59 37.69
14 35.68 39.85
15 37.50 42.24
16 39.01 44.83
17 40.20 47.58
18 "40.61 49.00
Circle Center At X = 16.85 ; Y = 55.96 ; and Radius = 24.76
Factor of Safety
* k k 0.857 * %k Kk
Failure Surface Specified By 16 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (£t)
1 3.28 38.14

2 5.84 36.57
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3 8.58 35.34
4 11.44 34.45
5 14.40 33.93
6 17.39 33.77
7 20.39 33.99
8 23.33 34.57
9 26.18 35.52
10 28.89 36.81
11 31.41 38.42
12 33.73 40.33
13 35.78 42,52
14 37.55 44,94
15 39.01 47.56
16 39.49 48.74
Circle Center At X = 17.14 ; Y = 57.93 ; and Radius = 24.16

Factor of Safety
* K ok 0'862 * k ok
Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 3.02 35.37
3 5.62 33.88
4 8.40 32.77
5 11.32 32.07
6 14.31 31.80
7 17.31 31.96
8 20.25 32.54
9 23.08 33.54
10 25.73 34.93
11 28.17 . 36.69
12 30.32 38.78
13 32.15 41.15
14 33.63 43.76
15 34.71 46.56
16 35.05 48.00
Circle Center At X = 14.71 ; Y = 52.66 ; and Radius = 20.87
Factor of Safety
* J ok 0_864 * %k
Failure Surface Specified By 15 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 3.94 38.36
2 6.45 36.73
3 9.17 35.45
4 12.03 34.55
5 14.99 34.05
6 17.99 33.96
7 20.97 34.27
8 23.88 34.98
9 26.67 36.09
10 29.29 37.56
11 31.68 39.37
12 33.80 41.49
13 35.61 43.88
14 37.09 46.49
15 37.68 48.00
Circle Center At X = 17.18 ; Y = 56.00 ; and Radius = 22.006

Factor of Safety
* kK 0.865 J ok ok
Failure Surface Specified By 16 Coordinate Points

Point X-Surf Y-Surf

No. (ft) (ft)
1 0.00 37.00
2 2.34 35.12

3 4.92 33.59
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4 7.69 32.44
5 10.60 31.70
6 13.58 31.37
7 16.58 31.47
8 19.53 31.99
9 22.38 32.93
10 25.07 34.26
11 27.55 35.95
12 29.76 37.98
13 31.66 40.30
14 33.21 42.87
15 34.38 45.63
16 35.02 48.00
Circle Center At X = 14.37 ; Y = 52.47 ; and Radius = 21.12
Factor of Safety
* %k 0_866 * %k Kk
Failure Surface Specified By 16 Coordinate Points
Point X~-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 4.05 36.22
3 6.90 35.29
4 9.84 34.68
5 12.82 34.38
6 15.82 34.40
7 18.80 34.74
8 21.73 35.40
9 24.57 36.38
10 27.28 37.65
11 29.85 39.20
12 32.23 41.02
13 34.41 43.09
14 36.35 45.38
15 38.03 47.86
16 38.15 48.07
Circle Center At X = 14.11 ; ¥ = 62.25 ; and Radius = 27.91
Factor of Safety
* * ok 0.868 * % X

**%% END OF GSTABL7 OUTPUT ****
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Attachment 6. Results of Revised Post-Liquefaction
Slope Stability Analysis (With
Geogrid Reinforcement)

P:\2005_Projects\25-049_Navy HPS_E-2_RI-FS\B_originals\RI_FS\01Draft\Appendicies\AppendixO_Slope-Stability\Appendix O_Qualitative Slope
Stability Evaluation_040706.doc



XREF Files: IMAGE Files: 1 DRAWN BY
File: N:\cad\DWG\HuntersPoint\SUHPDO1.dwg Layout: FCTERM—SOUTH  User: kathy.troyer Sep 15, 2004 — 6:07pm K. Troyer l 7_7—04 ELRJ?AJBEE%T 84381 2

ANCHOR TRENCH

ROCK RIPRAP (OR EQUAL)
SHORELINE PROTECTION

CUSHION GEOTEXTILE FABRIC

~12’ ‘
APPROXIMATE LIMIT OF LANDFILL FINAL COVER SIDESLOPE
ACCESS ROAD GRAVEL—FILLED TOE DRAIN
CROSSDRAIN/CULVERT - .
(WHERE SHOWN ON PLAN) ~0.5' TITLE 27 CAP
o =S | (ENGINEERED ALTERNATIVE)
T (SEE NOTE 1) : INLET LOCATION
5 MIN. OR TO ONLY) s
SOIL— &
( Y P"#zvk‘t— dek L R I:‘:_.II7 l
ADDITIONAL RPN

SHORELINE PROTECTION

EXISTING GRC)UND—X7 - —C
e A\_/_/&_/ /\

Qﬁ q

CONCRETE—~LINED (OR EQUAL)
DRAINAGE DITCH

60 ML HDPE
FINAL COVER GEOMEMBRANE

2" FOUNDATION LAYER-

ANCHOR .’ |

- TRENCH 1’ THICK GRAVEL BLANKET DRAIN _
WRAPPED WITH GEOTEXTILE {ORHONALS " ——
. ~8' | 15° — SEE NOTE 2
NOTES COMPACTED EARTHFILL
1. FOR COST ESTIMATING PURPOSES, T IS ASSUMED TO BE 3 FEET.
60 MIL HDPE

2. REPLACE THICKNESS OF VEGETATIVE SOIL COVER WITH COMPACTED
EARTHFILL BELOW FINAL COVER GRAVEL-FILLED TOE DRAIN.

SOUTH PERIMETER FINAL COVER TERMINATION WITH ROCK RIPRAP PROTECTION

] . 7e . UK 50 4S8 wwalint HUNTERS POINT SHIPYARD
2 q‘eagﬁida Lhatl be ¢ o a4 5 * oA LGV Sh@' PARCEL E LANDFILL
. SAN FRANCISCO, CALIFORNIA
Shaw E&|, Inc.
FIGURE

SOUTH PERIMETER FINAL COVER
TERMINATION WITH ROCK RIPRAP PROTECTION




Hunters Point; Toe Berm Stability; Under Liquefied Condition; Run#L-4-Bc

n:\projects\emconthunters pointistabil\toeberm\i-4

-bc.pl2 Run By: Username 9/27/2004 09:26AM

80 : : T | 1
Soil  Soil Total Saturated Cohesion Friction Piez.
Desc. Type UnitWt. UnitWt. Intercept Angle Surface
No.  (pcf) (pcf) (psf)  (deg) No.
SandSIt 1 110.0 120.0 0.0 320 w1
Riparap 2 1150 125.0 0.0 60.0 W1
Fill 3 110.0 120.0 0.0 34.0 Wi
Waste 4 75.0 85.0 0.0 28.0 w1
YBM 5 90.0 100.0 10000 0.0 Wi
L-Sand-1 6 110.0 1200 200NL 0.0 wi1
L-Sand-2 7 110.0 1200 470NL 00 w1
60 -L-Sand-3 8 1100 1200 143.0NL 0.0 w1 —
L-Sand-4 9 110.0 120.0 2820NL 0.0 Wi

L

!

*1

Shaw™ EMCONOWT, Inc.

20

40

60
GSTABL7 v.2 FSmin=1.13

80 100 120

Safety Factors Are Calculated By The Modified Bishop Method
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% % % GSTABL7 * %%
** GSTABL7 by Garry H. Gregory, P.E. **
** QOriginal Version 1.0, January 1996; Current Version 2.003, June 2002 **
(All Rights Reserved-Unauthorized Use Prohibited)
hkhkhhkhkhkhkhkhbhkhkhkhhhbrhhohhkhhhkhhkhkhkhkdhhhhhhhhhhbhrhhhdhdhhhhdhhhhhhdhdhdhddddrhhkhhkhhkhhhhhhhk
SLOPE STABILITY ANALYSIS SYSTEM

Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
Ihhkhkhxhkhkhkhkhdhhkhdhhkhkhhkhkhdhhkhbhbhkhbhhkhhkhbhhkhbhbhbhrhhkhkhhbkhhbdhhbhdhkhbhkhbhhkhdhkodkhkdhkdhhkhkhbhhkhkhhkdkhkhkdkx

Analysis Run Date: 9/27/2004

Time of Run: 09:26AM

Run By: Username

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\l-4-Bc.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\1l-4-Bc.OUT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\1l-4-Bc.PLT
PROBLEM DESCRIPTION: Hunters Point; Toe Berm Stability;
Under Liquefied Condition; Run#L-4-Bc
BOUNDARY COORDINATES
8 Top Boundaries
21 Total Boundaries

Boundary X~-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 6
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 49.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 13.00 41.50 15.00 40.00 7
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 7
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 8
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00 8
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 50.00 30.00 9
19 9.00 30.00 20.00 23.00 5
20 20.00 23.00 40.00 23.00 5
21 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
9 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pct) (psf) (deg) Param. (psf) No.
1 110.0 120.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 110.0 120.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 90.0 100.0 1000.0 0.0 0.00 0.0 1
6 110.0 120.0 20.0 0.0 0.00 0.0 1
7 110.0 120.0 47.0 0.0 0.00 0.0 1
8 110.0 120.0 143.0 0.0 0.00 0.0 1
9 110.0 120.0 282.0 0.0 0.00 0.0 1

NONLINEAR SHEAR-STRENGTH PARAMETERS
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4 Soil Type(s) Assigned Nonlinear Undrained Shear Strength (Cu)
Soil Type 6:
Cu Increases With Depth.
Initial Cu Doubles at 1.70(ft) Below Y Reference Point.
Coefficient b = 1.000 Y Reference Point = 38.00(ft)
Cu Remains Constant Below Y = 30.00(ft)
Soil Type 7:
Cu Increases With Depth.
Initial Cu Doubles at 4.10(ft) Below Y Reference Point.
Coefficient b = 1.000 Y Reference Point = 40.00 (ft)
Cu Remains Constant Below Y = 30.00(ft)
Soil Type 8:
Cu Increases With Depth.

Initial Cu Doubles at 12.40(ft) Below Y Reference Point.
Coefficient b = 1.000 Y Reference Point = 40.00(ft)
Cu Remains Constant Below Y = 30.00(ft)

Soil Type 9:
Cu Increases With Depth.

Initial Cu Doubles at 24 .50(ft) Below Y Reference Point.
Coefficient b = 1.000 Y Reference Point = 30.00(ft)
Cu Remains Constant Below Y = 23.00(ft)
1 PIEZOMETRIC SURFACE (S) SPECIFIED
Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 4 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 40.00
2 9.30 40.00
3 13.00 41.50
4 120.00 43.00

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries
Of Which The First 1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)
1 0.00 0.00 10.00 0.00

REINFORCING LAYER(S)
1 REINFORCING LAYER(S) SPECIFIED

REINFORCING LAYER NO. 1
5 POINTS DEFINE THIS LAYER

POINT X-COORD Y-COORD FORCE INCLINATION

NO. FACTOR
1 15.00 40.00 0.00 0.000
2 22.50 40.00 3100.00 0.000
3 37.50 40.00 3100.00 0.000
4 46.50 44.50 3100.00 0.000
5 55.00 49.00 0.00 0.000

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(ft)
and X = 21.00(ft)

Each Surface Terminates Between X 31.00(ft)
and X = 80.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
3.00(ft) Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Modified Bishop Method * *

Total Number of Trial Surfaces Evaluated = 1089
Statistical Data On All Valid FS Values:
FS Max = 8.881 FS Min = 1.134 FS Ave = 3.022
Standard Deviation = 1.378 Coefficient of Variation = 45.61 %
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Slice
No.
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Failure Surface Specified By 18 Coordinate Points
Point
No.

18

Circle Center At
Factor of

Wwidth
(ft)
2.

BENOOUNWHREREFHEFRPWWW-NINOAOKROGDORONON IO WO

2
2
0
2
1
1
0
2
0
2
0
1
0
2
0.
2
2
0
2
2
0
1
0
0
1
1
0
0
F

* % Kk

Individual data

Weight
(1bs)
378.
1196.
2024.
825.
1965.
1973.
148e6.
988.
2886.
1248.
2800.
1090.
2094.
927.
38009.
365.
4035.
3337.
371.
3038.
2202.
107.
1105.
197.
296.
475.
302.
35.
32.
ailure Surface Specified By 17 Coordinate Points

Point
No.

g WP

AN OVAONHRWHFOAIAOANOODWWOUIRFWOWONOUNCTOUWOOR

Y =

55.%96 ;

29 slices

Tie
Force
Norm

(1bs)

X-~-Surf Y~-Surf
(ft) (ft)
0.66 37.23
3.04 35.41
5.63 33.89
8.38 32.70
11.26 31.84
14.22 31.34
17.21 31.20.
20.20 31.43
23.15 32.01
26.00 32.95
28.72 34.22
31.26 35.81
33.59 37.069
35.68 39.85
37.50 42.24
39.01 44.83
40.20 47,58
40.01 49.00

X = 16.85 ;
Safety
1.134 Fok ok
on the
Water Water
Force Force
Top Bot
(1lbs) (1bs)
371.8 689.3
256.2 1001.6
104.5 1255.4
0.0 444 .4
0.0 978.8
0.0 968.1
0.0 774.4
0.0 499.1
0.0 1422.0
0.0 601.6
0.0 1319.5
0.0 510.8
0.0 943.4
0.0 399.1
0.0 1577.4
0.0 141.6
0.0 1519.9
0.0 1143.8
0.0 115.2
0.0 940.2
0.0 568.0
0.0 22.9
0.0 131.1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

X-S
(£

0.
2.

4

7.
10.

urf
t)

00
17
.61
28
11

Y-Surf
(ft)
37.
34,
33.
31.
30.

00

[oNoNoNoNoRolololoNoNoNoNoNoNoNoNeoNololoReReReRe ol ol ool o]

Tie
Force
Tan
(1lbs)

[e¥oNoNeoNoRoNoloNoloNoloNolaNaoloNoRleNeoNeNeNoNolN ol oo N o)

and Radius =

Earthquake
Force

Hor
(lbs)

leoNoNeoNoReoRoNoNoNoNoNololoNoNoNoNeoRolololoRolololololole o]

[cNoNoleRoloNoloNoloNoloRoloNoNoNoNoloNeloloBololoNeNe ool

Ver
(1lbs

Surcharge

)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0

leNoNoNololoNoloNolNeoNoloNoNoRoloNoRololololojolololoBalole]

24.76

Load
(1lbs)

[eNoNoloNolololoNoNoNoNoNaNoNololeNolalojolaooNeNoNoRalo o]
[eNoNoNoNololoNoloNoNoNoNeoNoloNoloNololeoNololoNololoNeNe N
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6 13.06 30.26
7 16.06 30.12
8 19.04 30.40
9 21.96 31.10
10 24.75 32.22
11 27.35 33.71
12 29.71 35.56
13 31.78 37.73
14 33.52 40.17
15 34.90 42.84
16 35.89 45,67
17 36.34 48.00
Circle Center At X = 15.57 ; ¥ = 51.15 ; and Radius = 21.04

Factor of Safety
* Kk k 1'139 * k&
Failure Surface Specified By 18 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 3.11 35.50
3 5.75 34.08
4 8.54 32.97
5 11.44 32.19
6 14.41 31.76
7 17.40 31.67
8 20.39 31.93
9 23.33 32.54
10 26.18 33.49
11 28.90 34.76
12 31.45 36.33
13 33.80 38.20
14 35.92 40.32
15 37.77 42.68
16 39.34 45,23
17 40.61 47.95
18 40.95 49.00
Circle Center At X = 16.64 ; Y = 57.36 ; and Radius = 25.71
Factor of Safety
* %k Kk 1'144 * k ok
Failure Surface Specified By 18 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 3.70 35.64
3 6.29 34.12
4 9.03 32.90
5 11.89 32.01
6 14.84 31.46
7 17.84 31.25
8 20.83 31.39
9 23.79 31.88
10 26.68 32.70
11 29.45 33.86
12 32.06 35.32
13 34.49 37.08
14 36.70 39.11
15 38.67 41.38
16 40.35 43.86
17 41.74 46.52
18 42.68 49.00
Circle Center At X = 18.12 ; Y = 57.12 ; and Radius = 25.87
Factor of Safety
* %k Kk 1'144 * % Kk
Failure Surface Specified By 17 Coordinate Points
Point X-Surf Y-Surf

No. (ft) (ft)
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1 0.66 37.23
2 2.88 35.21
3 5.36 33.53
4 8.06 32.22
5 10.92 31.30
6 13.87 30.80
7 16.87 30.71
8 19.85 31.06
9 22.76 31.82
10 25.52 32.98
11 28.10 34.52
12 30.43 36.41
13 32.47 38.61
14 34.17 41.07
15 35.52 43.76
16 36.47 46.60
17 36.72 48.00
Circle Center At X = 15.95 ;
Factor of Safety
* k Kk 1.149 * ¥ Kk
Failure Surface Specified By 18
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 4.20 35.68
3 6.68 33.98
4 9.34 32.61
5 12.16 31.59
6 15.09 30.94
7 18.08 30.66
8 21.08 30.78
9 24.04 31.27
10 26.91 32.13
11 29.65 33.36
12 32.21 34.92
13 34.55 36.80
14 36.63 38.96
15 38.42 41.37
16 39.89 43,98
17 41.01 46.77
18 41.59 49.00
Circle Center At X = 18.71 ;
Factor of Safety
* %k 1.149 &k ok
Failure Surface Specified By 18
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 4,11 35.58
3 6.52 33.79
4 9.14 32.33
5 11.94 31.25
6 14.85 30.55
7 17.84 30.24
8 20.84 30.34
9 23.79 30.85
10 26.66 31.74
11 29.37 33.01
12 31.89 34.64
13 34.17 36.59
14 36.17 38.83
15 37.85 41.32
16 39.18 44,01
17 40.13 46.85
18 40.54 49.00
Circle Center At X = 18.58 ;

Y

51.87 ;

and Radius

Coordinate Points

Y

54.10 ;

and Radius

Coordinate Points

Y

52.46 ;

and Radius

21.18

23.44

22.23
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Factor of Safety

* %k Kk 1'152 * %k
Failure Surface Specified By 18 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 4.10 35.57
3 6.51 33.78
4 9.13 32.32
5 11.92 31.23
6 14.84 30.53
7 17.82 30.22
8 20.82 30.33
9 23.78 30.84
10 26.64 31.74
11 29.35 33.02
12 31.87 34.66
13 34.14 36.62
14 36.12 38.87
15 37.78 41.37
16 39.09 44 .07
17 40.02 46.92
18 40.40 49.00
Circle Center At X = 18.54 ; Y = 52.32 ; and Radius = 22.11
Factor of Safety
* k Kk 1.152 * %k
Failure Surface Specified By 17 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 3.56 35.46
3 6.06 33.81
4 8.77 - 32.52
5 11.63 31.62
6 14.59 31.13
7 17.59 31.06
8 20.57 31.41
9 23.47 32.18
10 26.23 33.34
11 28.81 34.88
12 31.14 36.76
13 33.19 38.96
14 34.91 41.41
15 36.27 44,09
16 37.24 46.93
17 37.45 48.00
Circle Center At X = 16.58 ; Y = 52.41 ; and Radius = 21.38
Factor of Safety
* %k 1-156 * kK
Failure Surface Specified By 21 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 4.03 36.19
3 6.83 35.12
4 9.70 34.25
5 12.63 33.58
6 15.59 33.12
7 18.58 32.87
8 21.58 32.83
9 24.58 33.01
10 27.55 33.39
11 30.49 33.99
12 33.39 34.78
13 36.21 35.79




15
16
17
18
19
20
21
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41.
44.
46.
48.
51.
53.
53.

Circle Center At
Factor of

* % Kk

*x%% END OF GSTABL7 OUTPUT ****

62
18
62
92
09
11
97
X =

Safety
1.157

* %k

.37
.95
.69
.61
.69
.91
49.
20.62

00

I

and Radius
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Attachment 7. Results of Revised Static and
Pseudo-Static Slope Stability
Analyses

P:\2005_Projects\25-049_Navy HPS_E-2_RI-FS\B_originals\RI_FS\01Draft\Appendicies\AppendixO_Slope-Stability\Appendix O_Qualitative Slope
Stability Evaluation_040706.doc



Hunters Point; Toe Berm Stability; Static; Run#S-1-Bc-R
n:\projects\emconthunters point\stabil\toeberm\s-1-bc-r.pi2  Run By: Username 9/27/2004 09:32AM

80 : { I I |
Soil  Soil Total Saturated Cohesion Friction Piez.
Desc. Type UnitWt. Unit Wt. Intercept Angle Surface
No. (pcf)  (pcf) (psf)  (deg) No.
SandSllt 1 1200 130.0 0.0 32.0 WA
Riparap 2 11560 125.0 0.0 60.0 W1
Fill 3 1150 1250 0.0 34.0 w1
Waste 4 75.0 85.0 0.0 28.0 w1
YBM 5 95.0 105.0 1000.0 0.0 W1
60 — —

0 BRI | | 1
0 20 40 60 80 100 120

GSTABL7 v.2 FSmin=2.33 -
Safety Factors Are Calculated By The Modified Bishop Method
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% % ¥ GSTARBL7 * %k
** GSTABL7 by Garry H. Gregory, P.E. **
** QOriginal Version 1.0, January 1996; Current Version 2.003, June 2002 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
hhkhkhkhkhkhkhkkkhhkhkhkhkhkhkhkhkhkhdhdkhhbhhbhhhhhhkhhrhkhhhhkhhhkdhhhhhhkhhhhhhhdhkhkhkhrhkdbhkhhhhhhkhohhhhhhk
SLOPE STABILITY ANALYSIS SYSTEM
Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
hhkhkkhhkhkhhhkhhhhkhkhhkdhhohhohkhdbhodhhkhkhkhkhhhkhhhbhhhhkhkhkhhkdkhhkhkhhhhhkhhkhhkhkkkhkhkhhhkhkhkhkhkkddhhhkhbkhhbhhbhhk

Analysis Run Date: 9/27/2004

Time of Run: 09:32AM

Run By: Username

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\s-1l-bc-R.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\s-1l-bc~R.0UT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\s-1-bc-R.PLT
PROBLEM DESCRIPTION: Hunters Point; Toe Berm Stability;
Static; Run#S-1-Bc-R
BOUNDARY COORDINATES
8 Top Boundaries
20 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 1
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 439.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 13.00 41.50 15.00 40.00 1
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 1
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 1
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00 1
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 20.00 23.00 5
19 20.00 23.00 40.00 23.00 5
20 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
5 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (pst) (deg) Param. (pst) No.
1 120.0 130.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 115.0 125.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 95.0 105.0 1000.0 0.0 0.00 0.0 1

1 PIEZOMETRIC SURFACE (S} SPECIFIED
Unit Weight of Water = 62.40 (pcf)
Piezometric Surface No. 1 Specified by 4 Coordinate Points
Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water

No. (ft) (ft)
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1 0.00 40.00
2 9.30 40.00
3 13.00 41.50
4 120.00 43.00

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries
Of Which The First 1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)
1 0.00 0.00 10.00 0.00

REINFORCING LAYER(S)
1 REINFORCING LAYER(S) SPECIFIED

REINFORCING LAYER NO. 1
5 POINTS DEFINE THIS LAYER

POINT X~-COORD Y-COORD FORCE INCLINATION

NO. FACTOR
1 15.00 40.00 0.00 0.000
2 22.50 40.00 3100.00 0.000
3 37.50 40.00 3100.00 0.000
4 46.50 44.50 3100.00 0.000
) 55.00 49.00 0.00 0.000

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(ft)
and X 21.00(ft)

Each Surface Terminates Between X 31.00(ft)
and X = 80.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
5.00(ft) Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Modified Bishop Method * *

Total Number of Trial Surfaces Evaluated = 1089
Statistical Data On All Valid FS Values:
FS Max = 17.031 FS Min = 2.333 FS Ave = 4.619
Standard Deviation = 1.999 Coefficient of Variation = 43.28 %
Failure Surface Specified By 10 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 4.70 35.31
3 9.62 34.41
4 14.62 34.34
5 19.57 35.10
6 24.31 36.67
7 28.74 38.99
8 32.72 42.02
9 36.15 45.66
10 37.71 48.00
Circle Center At X = 12.52 ; ¥ = 64.23 ; and Radius = 29.97

Factor of Safety
* * Kk 2.333 * k)

Individual data on the 20 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1bs) (lbs) (lbs) (1bs) (1lbs) (1bs) (1bs) (1bs)
1 4.7 1015.9 679.0 1200.2 0. 0. 0.0 0.0 0.0
2 4.6 2709.3 174.8 1489.7 0. 0. 0.0 0.0 0.0
3 0.3 243.7 0.0 107.4 0. 0. 0.0 0.0 0.0
4 3.4 2845.5 0.0 1258.3 0. 0. 0.0 0.0 0.0
5 1.6 1531.5 0.0 724.9 0. 0. 0.0 0.0 0.0
6 0.4 361.1 0.0 170.0 0. 0. 0.0 0.0 0.0
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10
11

13
14

16
17

19
20
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[eNoNoNoNoNoNololoNeNoNoRe Nl
OO0 OOOOOOOO

and Radius

3.1 3022.9 0.0 1370.9 0. 0.
1.4 1372.3 0.0 591.2 0. 0.
1.4 1364.9 0.0 590.2 0. 0.
1.5 1421.3 0.0 571.6 0. 0.
1.8 1764.1 0.0 629.2 0. 0.
1.4 1406.1 0.0 468.7 0. 0.
3.0 2850.6 0.0 735.4 0. 0.
1.3 1206.2 0.0 231.8 0. 0.
0.9 810.3 0.0 101.9 0. 0.
1.4 1091.6 0.0 56.9 0. 0.
0.3 228.4 0.0 0.0 0. 0.
3.4 1638.9 0.0 0.0 0. 0.
1.4 208.1 0.0 0.0 0. 0.
0.2 2.0 0.0 0.0 0. 0.
Failure Surface Specified By 10 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 4.70 35.28
3 9.61 34,34
4 14.60 34.19
5 19.56 34.84
6 24.35 36.27
7 28.86 38.44
8 32.95 41.30
9 36.54 44.78
10 39.50 48.75
Circle Center At X 13.04 ; Y = 65.42 ;
Factor of Safety
* % Kk 2'343 * k&
Failure Surface Specified By 10 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 5.44 35.77
3 10.39 35.04
4 15.39 35.04
5 20.33 35.78
6 25.11 37.24
7 29.63 39.39
8 33.78 42.18
9 37.47 45.55
10 40.28 49.00
Circle Center At X 12.86 ; Y = 68.71 ;

Factor of Safety
* K %k 2.362 * %k K
Failure Surface Specified By 10
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 6.02 35.78
3 10.94 34.89
4 15.94 34.80
5 20.89 35.51
6 25.66 37.01
7 30.13 39.26
8 34.17 42.19
9 37.70 45.74
10 40.02 49.00
Circle Center At X 14.00 ;

Factor of Safety
* Kk k 2.381 * ¥ %
Failure Surface Specified By 10
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45

and Radius

Coordinate Points

65.60 ;

and Radius

Coordinate Points

[eNoNoNeoNololololoNeNoReRe ol
leNoNeoNoNololaolololoRoRoRe o]

31.27

33.77

30.87

[eNoNoNoNoNeoNoNeNeNoNo ool

OO0 OOOOOOOCO0O
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2 5.87 35.40
3 10.73 34.24
4 15.73 34.00
5 20.68 34.69
6 25.42 36.28
7 29.78 38.74
8 33.60 41.96
9 36.76 45.83
10 37.94 48.00
Circle Center At X = 14.50 ; Y = 60.55 ; and Radius = ©26.59
Factor of Safety
* % Kk 2_393 * %k
Failure Surface Specified By 10 Coordinate Points
Point X~-Surf Y-Surf
No. (ft) (ft)
1 0.00 37.00
2 4.92 36.13
3 9.92 35.88
4 14.90 36.27
5 19.80 37.27
6 24.53 38.88
7 29.03 41.08
8 33.21 43.82
9 37.01 47.07
10 37.86 48.00
Circle Center At X = 9.37 ; Y = 75.39 ; and Radius = 39.52
Factor of Safety
* Kk ok 2'403 * %k k
Failure Surface Specified By 11 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 5.31 35.39
3 10.17 34.24
4 15.15 33.81
5 20.14 34.11
6 25.04 35.13
7 29.73 36.86
8 34.13 39.24
9 38.13 42,24
10 41.66 45.78
11 44,04 49.00
Circle Center At X = 15.59 ; ¥ = 68.17 ; and Radius = 34.36
Factor of Safety
* d Xk 2.408 * %Xk
Failure Surface Specified By 11 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.61 35.82
3 11.49 34.74
4 16.48 34.47
5 21.46 35.00
6 26.27 36.34
7 30.81 38.44
8 34.95 41.25
9 38.57 44.70
10 41.59 48.68
11 41.75 49.00
Circle Center At X = 15.67 ; Y = 65.17 ; and Radius = 30.71
Factor of Safety
* kK 2.415 * ok
Failure Surface Specified By 9 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)

1 2.62 37.91
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2 7.22 35.93
3 12.12 34.94
4 17.12 34.96
5 22.01 35.99
6 26.59 38.00
7 30.66 40.90
8 34.06 44.56
9 36.14 48.00
Circle Center At X = 14.53 ;
Factor of Safety
* kK 2.429 * %k %

Failure Surface Specified By 12
Point X-Surf Y-Surf

No. (ft) (ft)
1 0.00 37.00
2 4.66 35.18
3 9.51 33.99
4 14.49 33.46
5 19.48 33.60
6 24.42 34.39
7 29.21 35.84
8 33.76 37.91
9 37.99 40.57
10 41.84 43.76
11 45.23 47.44
12 46.32 49.00
Circle Center At X = 15.96 ;

Factor of Safety
* ¥ Kk 2_439 * k%

Y = 59.27 ; and Radius = 24 .45
Coordinate Points
Y = 70.81 ; and Radius = 37.39

**%% END OF GSTABL7 OUTPUT ****
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Hunters Point; Toe Berm Stability; Yield Acceleration; Run#Y-1-Bc-R

n:\projects\emcon\hunters pointistabil\toebermiy-1-bc-r.pl2 Run By: NK 9/27/2004 09:35AM
T T |

80 : : :
Soil  Soil Total Saturated Cohesion Friction Piez. Load Value
Desc. Type Unit Wt. UnitWt Intercept Angle Surface|| Peak(A) 0.500(g)

No. (pcf) (pcf) (psf) (deg) No. kh Coef. 0.250(g)<

SandSlit 1 120.0 130.0 0.0 320 wWi
Riparap 2 1150 125.0 0.0 60.0 Wi
Fill 3 1150 1250 0.0 340 w1
Waste 4 = 750 85.0 0.0 280 wWi
YBM 5 95.0 106.0 10000 0.0 W1

| RN N NI T , [
o 20 40 60 80 100 120

GSTABL7 v.2 FSmin=1.03
Safety Factors Are Calculated By The Modified Bishop Method
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** GSTABL7 by Garry H. Gregory, P.E. **
** QOriginal Version 1.0, January 1996; Current Version 2.003, June 2002 **
(A1l Rights Reserved-Unauthorized Use Prohibited)
hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhdhhkhhkhhhbhbhhhbhhbhkhbhbhhhhhkhbhhbhrhhdhhkdhhkhhbhbbdhdohhhkdbhhhhhhkhirkkhk
SLOPE STABILITY ANALYSIS SYSTEM
Modified Bishop, Simplified Janbu, or GLE Method of Slices.
(Includes Spencer & Morgenstern-Price Type Analysis)
Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonlinear Undrained Shear Strength, Curved Phi Envelope,
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
hhkhkhhhkhhhkhkhhkkkhkkhhhdhhhdhhhhhhhhhhhhhhdhddhr K hkk ki dhokdkkkkokhxkkkk ok kkkok kK ok k g ok %ok ko ok & ok K ok

Analysis Run Date: 9/27/2004

Time of Run: 09:35AM

Run By: NK

Input Data Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\y-1l-bc-R.in
Output Filename: N:\PROJECTS\Emcon\Hunters Point\Stabil\ToeBerm\y-1-bc-R.OUT
Unit System: English

Plotted Output Filename: N:\PROJECTS\Emcon\Hunters Point\il\ToeBerm\y-1l-bc-R.PLT
PROBLEM DESCRIPTION: .Hunters Point; Toe Berm Stability;
Yield Acceleration; Run#Y-1-Bc-R
BOUNDARY COORDINATES
8 Top Boundaries
20 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 37.00 13.00 41.50 1
2 13.00 41.50 21.00 43.00 2
3 21.00 43.00 31.00 48.00 2
4 31.00 48.00 38.00 48.00 2
5 38.00 48.00 40.00 49.00 3
6 40.00 49.00 55.00 49.00 3
7 55.00 49.00 74.00 55.00 4
8 74.00 55.00 120.00 56.50 4
9 - 13.00 41.50 15.00 40.00 1
10 15.00 40.00 21.00 43.00 2
11 15.00 40.00 22.50 40.00 1
12 22.50 40.00 38.00 48.00 3
13 22.50 40.00 37.50 40.00 1
14 37.50 40.00 55.00 49.00 4
15 37.50 40.00 50.00 30.00: 1
16 50.00 30.00 120.00 30.00 5
17 0.00 30.00 9.00 30.00 5
18 9.00 30.00 20.00 23.00 5
19 20.00 23.00 40.00 23.00 5
20 40.00 23.00 50.00 30.00 5

Default Y-Origin = 0.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
ISOTROPIC SOIL PARAMETERS
5 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.
1 120.0 130.0 0.0 32.0 0.00 0.0 1
2 115.0 125.0 0.0 60.0 0.00 0.0 1
3 115.0 125.0 0.0 34.0 0.00 0.0 1
4 75.0 85.0 0.0 28.0 0.00 0.0 1
5 95.0 105.0 1000.0 0.0 0.00 0.0 1

1 PIEZOMETRIC SURFACE (S) SPECIFIED

Unit Weight of Water = 62.40 (pcf)

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Pore Pressure Inclination Factor = 0.50
Point X-Water Y-Water

No. (ft) (ft)
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1 0.00 40.00
2 9.30 40.00
3 13.00 41.50
4 120.00 43.00

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries
Of Which The First 1 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (£t) (£t)
1 0.00 0.00 10.00 0.00
Specified Peak Ground Acceleration Coefficient (A) = 0.500(qg)
Specified Horizontal Earthquake Coefficient (kh) = 0.250(qg)
Specified Vertical Earthquake Coefficient (kv) = 0.000(qg)
Specified Seismic Pore-Pressure Factor = 0.000

REINFORCING LAYER(S)
1 REINFORCING LAYER(S) SPECIFIED

REINFORCING LAYER NO. 1
5 POINTS DEFINE THIS LAYER

POINT X-COORD Y-COORD FORCE INCLINATION

NO. FACTOR
1 15.00 40.00 0.00 0.000
2 22.50 40.00 3100.00 0.000
3 37.50 40.00 3100.00 0.000
4 46.50 44.50 3100.00 0.000
5 55.00 49.00 0.00 0.000

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
1089 Trial Surfaces Have Been Generated.

33 Surface(s) Initiate(s) From Each Of 33 Points Equally Spaced
Along The Ground Surface Between X = 0.00(ft)
and X = 21.00(ft)
Each Surface Terminates Between X = 31.00(ft)

and X = 80.00(ft)
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00(ft)
5.00(ft) Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Evaluated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Modified Bishop Method * *

Total Number of Trial Surfaces Evaluated = 1089
Statistical Data On All Valid FS Values:
FS Max = 4.192 FS Min = 1.028 FS Ave = 1.832
Standard Deviation = 0.486 Coefficient of Variation = 26.50 %
Failure Surface Specified By 15 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 0.66 37.23
2 5.64 36.77
3 10.63 36.57
4 15.63 36.61
5 20.62 36.91
6 25.59 37.45
7 30.53 38.23
8 35.42 39.26
9 40.26 40.54
10 45.02 42.05
11 49.71 43.80
12 54.30 45.77
13 58.79 47.98
14 63.16 50.40
15 67.02 52.80
Circle Center At X = 12.25 ; Y = 137.12 ; and Radius = 100.56

Factor of Safety
* k% 1.028 * k%
Individual data on the 29 slices
Water Water Tie Tie Earthquake




Slice
No.

Width
(ft

)
0
7
3
4
0
6
5
5
4
5
1
2
.8
.5
4
1
2
3
0
3
9
5
3
7
6
7
8
4

5
3
1
2
2
0
2
2
0
1
3
0
4
0
4,
2
0
0
2
0
0
3
0
4
4
0
3
4
3
F

.9
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Weight
(1lbs)
704.
1374.
661.
1379.
1310.
428.
1765.
1828.
285.
1185.
2754.
152.
5026.
537.
4839.
2072.
169.
303.
1895.
247.
860.
2892.
243.
2870.
1734.
164.
725.
557.
170.

Point

No.

NEPERONANOCRWOHADURR MO IJOROSENDNODDN OO

Force

(1lbs)
628.
100.

X-S
(f

75.

Top

urf
t)

.00
.94

Circle Center At X
Factor of

* kK

1.0
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Force
Bot
(1lbs)
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755.
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193.
764.
736.
110.
432,
849.

42,
1165.
103.
842.

OO0 OOOONOOOUMOWOOANEJOWOWNIRYWWOWW-

Y-Surf
(ft)
37.
36.
35.
35.
35.

Safety

46

* % K

00
24
75
51
53

Failure Surface Specified By 17

Point

No.

O~ W

X-3
(£

urf
t)

Y-Surf
(ft)
37.
36.
36.
36.
36.
36.
37.
38.

45
89
56
46
60
97
58
42

Force Force

Force

Norm Tan Hor

(1bs) (1bs)

1

1

[eNoRoNoNeoNoNoNoloNololoNeoNoNolololololololoNojoojololo o)
[ocNoNoNoNoNoNoNoNaoNoNoNoNoNeNaolNoNeololeoNoNeNeNelololololoRo]

ailure Surface Specified By 17 Coordinate Points

Y

Coordinate Points

(1bs)
176.
343.
165.
344.
327.
107.
441.
457.
1.
296.
688.
38.
256.
134.
209.
518.
42.
75.
473.
62.
215.
723.
60.
717.
433.
41.
181.
1389.
42.

NWENOTORPRNOWOBRBNOBINNUOWRWRFROOWWOR

Ver
(1lbs

131.82 ; and Radius =

Surcharge

)

[e¥eoNoloNoNoloNeoNoNoNoloNololoNelaoNeNe oo No ol oNeloRe e ial
[eYoReoNoNoNaololoNoNoNoloNololoNoNoloNeoNoNeNeloloNoReNoNoNol

Load
(1lbs)

96.33

[ecNoNoNoNoNoNoNoNeoNaoNololoNeoNeNoNololololNolNeNoloNoloNoloo]
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9 41.03 39.49
10 45.86 40.79
11 50.62 42.31
12 55.30 44.06
13 59.90 46.03
14 64.40 48.21
15 68.79 50.60
16 73.06 53.19
17 75.84 55.06

Circle Center At X = 15.83 ; Y = 142.68 ; and Radius = 106.22
Factor of Safety
* % Kk 1_058 * %k
Failure Surface Specified By 17 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)

1 0.66 37.23

2 5.54 36.16

3 10.48 35.40

4 15.46 34.94

5 20.46 34.79

6 25.46 34.95

7 30.44 35.41

8 35.38 36.18

9 40.26 37.25
10 45.07 38.62
11 49.79 40.28
12 54.39 42.22
13 58.87 44 .45
14 63.20 46.94
15 67.38 49.70
16 71.37 52.70
17 74.06 55.00

Circle Center At X = 20.42 ; ¥ = 116.23 ; and Radius = 81.44
Factor of Safety
%k %k 1.068 * kK
Failure Surface Specified By 13 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)

1 3.94 38.36

2 8.71 36.88

3 13.61 35.88

4 18.59 35.38

5 23.59 35.37

6 28.56 35.87

7 33.46 36.86

8 38.24 38.34

9 42.84 40.29
10 47.23 42.69
11 51.35 45.51
12 55.17 48.74
13 55.61 49.19

Circle Center At X = 21.12 ; Y = 85.20 ; and Radius = 49.89

Factor of Safety
* k% 1_069 * k%
Failure Surface Specified By 17 Coordinate Points

Point X-Surf - Y-Surf

No. (ft) (ft)
1 1.31 37.45
2 6.20 36.42
3 11.15 35.69
4 16.13 35.28
5 21.13 35.18
6 26.13 35.40
7 31.10 35.93
8 36.03 36.717
9 40.89 37.93
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10 ' 45.67 39.39
11 50.35 41.15
12 54.91 43.20
13 59.34 45.53
14 63.60 48.14
15 67.69 51.01
16 71.60 54.14
17 71.77 54.30
Circle Center At X = 20.18 ; Y = 114.34 ; and Radius = 79.16
Factor of Safety
* %k 1'072 * ok k
Failure Surface Specified By 17 Coordinate Points
Point X~-Surf Y-Surf
No. (ft) (£t)
1 1.97 37.68
2 6.96 37.39
3 11.96 37.29
4 16.96 37.38
5 21.95 37.66
6 26.93 38.12
7 31.89 38.77
8 36.82 39.61
9 41.71 40.63
10 46.56 41.84
11 51.37 43.22
12 56.12 44.79
13 60.80 46.53
14 65.42 48.45
15 69.96 50.55
16 74.42 52.81
17 78.64 55.15
Circle Center At X = 12.11 ; Y = 170.17 ; and Radius = 132.88
Factor of Safety
% kK 1_073 * ok ok
Failure Surface Specified By 13 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 4.59 38.59
2 9.51 37.66
3 14.47 37.09
4 19.47 36.90
5 24.47 37.09
6 29.44 37.65
7 34.35 38.57
8 39.18 39.87
9 43.90 41.52
10 48.48 43.52
11 52.90 45.86
12 57.13 48.52
13 59.86 50.53
Circle Center At X = 19.51 ; ¥ = 103.65 ; and Radius = 66.75
Factor of Safety
* k% 1_077 * k%
Failure Surface Specified By 17 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.97 37.68
2 6.87 36.69
3 11.82 36.01
4 16.81 35.63
5 21.81 35.56
6 26.80 35.79
7 31.77 36.33
8 36.70 37.18
9 41.57 38.32
10 46.36 39.77
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11 51.05 41.50
12 55.62 43.52
13 60.06 45.81
14 64.35 48.38
15 68.48 51.20
16 72.43 54.27
17 72.83 54.63
Circle Center At X = 20.49 ;
Factor of Safety
* k& 1.080 * ke k
Failure Surface Specified By 17
Point X-Surf Y-Surf
No. (ft) (ft)
1 1.31 37.45
2 6.19 36.37
3 11.13 35.58
4 16.11 35.09
5 21.10 34.91
6 26.10 35.03
7 31.08 35.46
8 36.03 36.19
9 40.92 37.22
10 45.74 38.55
11 50.47 40.16
12 55.10 42.07
13 59.59 44,25
14 63.95 46.70
15 68.15 49.42
16 72.18 52.38
17 75.36 55.04
Circle Center At X = 21.59 ;
Factor of Safety

* % 4k

1.081
*x %% END OF GSTABL7 OUTPUT **x*

* K %k

Y 116.92 ; and Radius

Coordinate Points

Y = 116.83 ; and Radius

81.37

81.93
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