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Figure ES-1: Wastewater Treatment Facilities Operated by SFPUC  
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Figure ES-2: South Ocean Beach Location 
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Figure ES-3: San Francisco West Wastewater Facilities 
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Figure ES-4: Low Profile Wall-Plan 
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Figure ES-5: Low Profile Wall-Representative Section 
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1.1. Purpose and Need 
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1.2. Project Goals and Objectives: 
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1.3. Scope of Proposed Project 
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1.4. Approach to Developing Conceptual Design 
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Figure 1-1: South Ocean Beach Location 
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Figure 1-2: San Francisco West Wastewater Facilities 
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Figure 1-3: Low Profile Wall-Plan 
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Figure 1-4: Low Profile Wall-Representative Section 
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2. Background 

2.1. Existing System 
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2.2. Current Operation 

2.3. Summary of Needs 

Exhibit 7 
2-21-0912 

Page 31 of 173



Ocean Beach Long-Term Improvements Project 
Conceptual Engineering Report (CER) 

  
Exhibit 7 

2-21-0912 
Page 32 of 173



Ocean Beach Long-Term Improvements Project 
Conceptual Engineering Report (CER) 

  

2.4. Ocean Beach Master Plan 
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2.5. South Ocean Beach Coastal Protection Measures & Management Strategy 

SPUR (2015)

SPUR (2015)

SPUR (2015)
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Figure 2-1: Wastewater Treatment Facilities Operated by SFPUC  
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Figure 2-2: SFPUC Southwest Wastewater Collection System Schematic. 
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Figure 2-3: Summary of 2012 Master Plan Recommendations near Sloat Blvd/Great Highway Intersection 

Figure 2-4: Summary of 2012 Master Plan Recommendations at Zoo Parking Lot 

Figure 2-5: Summary of 2012 Master Plan Recommendations at Oceanside Water Pollution Control Plant. 
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Figure 2-6: Isometric View of Reinforced Secant Pile Wall, reproduced from SPUR (2015). 
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3. Selected Alternative 

(2018)

3.1. Alternatives Analysis 
SPUR (2012)

SPUR (2015)

SFPUC 

(2018)
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Table 3-1: Summary of Evaluation Criteria Weighting 
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Table 3-2: Alternatives Scoring and Ranking 
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3.2. Proposed Project 
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Table 3-3: Proposed Project Components 
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4. Coastal Evaluation 

4.1. Historical Background 

M&N (1995)

4.2. Area Geology and Morphology 

4.2.1. Bluff Material 
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4.2.2. Beach Material 
M&N (1995)

Medium Sand fine coarse very coarse sand

4.3. Bluff Retreat 

4.3.1. Short-Term Bluff Recession Rates 

USGS (2007)

M&N (2010)

JOG (2008)

M&N (2010)

4.3.2. Long-Term Bluff Recession Rates 
M&N (1994)
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M&N (2005)

4.4. Erosion Patterns 

4.5. Sea-Level Rise 

NRC (2012).
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OPC (2018)

OPC (2018)

Medium – High Risk Aversion

Table 4-1: Sea-Level Rise Projections for San Francisco Bay Area, OPC (2018). 
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4.6. Sea-Level Rise Scenarios 

Medium to High Risk Aversion High Emissions

ONESF – Building 

Our Future
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NRC (2012)

NRC (2012)

Table 4-2: Tidal and Extreme Water Level Datums, SLR Scenarios. 

4.6.1. Trends in Local Relative Sea Level 
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JGR (2016) 

4.7. Coastal Engineering Design 

4.7.1. Design High Water Level 

Table 4-3: Design High Water Level. 

4.7.2. Wave Action 

Table 4-4: Significant wave height extremes, NDBC Station 46026 
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4.7.3. Scour Elevations 

4.7.4. Wave Runup 

4.7.5. Wave Loads 
ASCE (2016). 
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Table 4-5: Wave Runup Elevations for Project Reach Segments. 

4.7.6. Scour at Wall Crest 
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4.7.7. Beach Nourishment 
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Medium to High Risk Aversion

Table 4-6: Summary of Recommended Beach Nourishment Volumes and Frequency. 

Figure 4-1: Estimated Return Period Bluff Retreat Values 
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Figure 4-2: South Ocean Beach Bluff Retreat Rates. 
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Figure 4-3: Normally Incident Wave Breaking Pressures, ASCE (2016). 
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Figure 4-4: Assessment of Potential Scour of Slope above Wall Crest (No Slope Protection). 
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5. Geotechnical Evaluation 

5.1. Introduction 

5.1.1. General 

5.1.2. Project Elements 
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Table 5-1: Reach Descriptions 

 

5.1.3. Existing Data Review 
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5.1.4. Field Exploration Program 
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5.1.5. Geotechnical Laboratory Testing Program 

5.1.6. Environmental Laboratory Testing Program 

5.1.7. Codes and Standards 
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5.2. Initial Geotechnical Findings 

5.2.1. Site Geology 
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5.2.2. Faulting and Seismicity 

5.2.3. Groundwater 
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5.3. Preliminary Geotechnical Recommendations 

5.3.1. Seismic Design Criteria 

Table 5-2: Recommended Acceleration Response Spectrum 
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5.3.2. Liquefaction 

5.3.3. Tsunami 

5.3.4. Secant Pile Wall 
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5.3.5. Lateral Earth Pressures 
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Table 5-3: Soil Properties for Lateral Earth Pressures 
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5.3.6. Tiebacks 
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5.3.7. Controlled Low Strength Material (CLSM) 
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5.3.8. Earthwork 
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5.3.9. Dewatering and Groundwater Considerations During Construction 

5.3.10. Flexible Pavement 
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5.3.11. Corrosion Potential 
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6. Civil 

6.1. Background 
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Figure 6-1: Project Site Plan, 1 of 4. 
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Figure 6-2: Project Site Plan, 2 of 4. 
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Figure 6-3: Project Site Plan, 3 of 4. 
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Figure 6-4: Project site Plan, 4 of 4. 
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6.2. Vertical Datum Reference 

Table 6-1: Relationship between Vertical Datums. 

6.3. LMT Tunnel Alignment 
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6.4. Proposed Wall Alignment  
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Figure 6-5: Wall Alignment Plan, 1 of 4. 
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Figure 6-6: Wall Alignment Plan, 2 of 4. 
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Figure 6-7: Wall Alignment Plan, 3 of 4. 

Exhibit 7 
2-21-0912 

Page 87 of 173



Ocean Beach Long-Term Improvements Project 
Conceptual Engineering Report (CER) 

  

Figure 6-8: Wall Alignment Plan, 4 of 4. 
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Figure 6-9: Low Profile Wall – North Reach Typical Section. 

Figure 6-10: EQR Reach Typical Section. 
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Figure 6-11: Rubble Reach Typical Section. 

Figure 6-12: Bluff Reach Typical Section. 
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Figure 6-13: South Reach Typical Section. 

6.5. Existing Utilities  
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Figure 6-14: Existing Utilities Plan 1. 
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Figure 6-15: Existing Utilities Plan 2. 
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Figure 6-16: Existing Utilities Plan 3. 
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Figure 6-17: Existing Utilities Plan 4. 
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7. Traffic and Intersection Layout 

7.1. Existing Conditions 

Exhibit 7 
2-21-0912 

Page 97 of 173



Ocean Beach Long-Term Improvements Project 
Conceptual Engineering Report (CER) 

  
Exhibit 7 

2-21-0912 
Page 98 of 173



Ocean Beach Long-Term Improvements Project 
Conceptual Engineering Report (CER) 

  

7.2. Great Highway at Sloat Boulevard Intersection Redesign 
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7.2.1. Intersection Layout 

Traffic Volume and Level of Service (LOS): 

Entrance to Zoo: 

Muni Line 23 Turnaround:

Intersection Option 1: Zoo Access Expanded to Three Lanes 
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Intersection Option 2: Zoo Access Moved to 47th Ave. Intersection and Expanded to Four Lanes 

Muni Bus Operations 

Option 1 – Layover at existing last bus stop on Sloat Boulevard: 
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Option 2 - Layover on south side of Sloat Boulevard

Option 3 - Layover on Lower Great Highway:
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7.3. Great Highway at Skyline Boulevard Intersection 

7.3.1. Intersection Layout 
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7.4. Activate Zoo Road 

7.4.1. Access Concept  
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7.5. Design Criteria for Traffic and Intersections 
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Figure 7-1: Great Highway at Sloat Boulevard Intersection – Alternative 1  
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Figure 7-2: Great Highway at Sloat Boulevard Intersection – Alternative 2  

Exhibit 7 
2-21-0912 

Page 108 of 173



Ocean Beach Long-Term Improvements Project 
Conceptual Engineering Report (CER) 

  

Figure 7-3: Muni Line 23 Turnaround and Layover – Option 1  
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Figure 7-4: Muni Line 23 Turnaround and Layover – Option 2 
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Figure 7-5: Muni Line 23 Turnaround and Layover – Option 3
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Figure 7-6: Great Highway at Skyline Boulevard Intersection (Caltrans/SFDPW Concept)  
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Figure 7-7: Zoo Road Access Concept 
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8. Multi-Use Trail, Beach Access, Parking, and Service Road  

8.1. Open Space/Multi-Use Trail and Beach Access 

Ocean Beach Master Plan

Master Plan
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Evaluation of 

Safety, Design, and Operation of Shared-Use Paths, Final Report, Guide for the 

Development of Bicycle Facilities, Fourth Edition,   

Evaluation of Safety, 

Design, and Operation of Shared-Use Paths, Final Report,
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8.1.1. Concept Design – Beach Access and Amenities  
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8.2. Parking 
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8.2.1. Concept Design – Parking at Skyline/Great Highway Intersection 

8.3. Service Road 

8.3.1. Concept Design – Service Road 
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Figure 8-1: Overall Concept Plan 
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Figure 8-2: Beach Access Concept 

Figure 8-3: Concept Section 
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Figure 8-4: Parking Concept Layout 
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9. Structural 

9.1. Background 

9.2. Wall Description 
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Figure 9-1: Typical Low-Profile Wall Plan. 

Figure 9-2: Typical Low-Profile Wall Elevation. 
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9.3. Wall Construction 

9.4. Wall Reaches and Representative Sections 
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Table 9-1: Reach Descriptions. 

9.5. Soils Properties for Structural Design 

9.5.1. Soils Characterization 
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Table 9-2: Soil Properties for Wall Analysis. 

Table 9-3: Soil Layer Depths for Wall Analysis. 

9.5.2. Liquefaction 
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9.5.3. Water Table 

9.6. Load Conditions and Design Load Conditions 

9.6.1. Earth Pressure  
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9.6.2. Static Water Pressure 

9.6.3. Surcharge 

9.6.4. Seismic  

9.6.5. Liquefaction  

9.6.6. Wave Forces 
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9.6.7. Design Loading Condition 1 – Static Condition 

Figure 9-3: Design Loading Condition DLC-1. 

9.6.8. Design Loading Condition 2 – Seismic Condition 
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Figure 9-4: Design Loading Condition DLC-2. 

9.7. Structural Analysis 

9.7.1. SupportIT 
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9.7.2. DeepEx 

Table 9-4: Subgrade Modulus – API RP 2A 

9.7.3. SAP 2000 

9.7.4. Analysis Summary 
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Table 9-5: Analysis Summary 

9.8. Structural Design 
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9.9. LMT Structural Evaluation 

9.9.1. Analysis Approach 
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9.9.2. Inputs to Analysis 

Table 9-6: Soil layers and Groundwater elevations. 

Table 9-7: Soil and graded-sand properties. 
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Table 9-8: Tunnel lining, Secant pile and soil stabilization parameters. 

Table 9-9: Tieback parameters. 

9.9.3. Key Assumptions 
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9.9.4. FLAC2D Models and Procedure 
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Figure 9-5: Tunnel plan view for (a) STA 16+00, (b) STA 40+00 
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Figure 9-6: Cross sections for (a) STA 16+00, (b) STA 40+00. 
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Figure 9-7: STA 16+00 model config. for (a) initial, (b) end of construction, and (c) long-term erosion 
conditions. 
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Figure 9-8: STA 40+00 model config. for (a) initial, (b) end of construction, and (c) long-term erosion 
conditions. 
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9.9.5. Results of Analyses 

Table 9-10: Summary of average tunnel distortion results for STA 16+00. 

Table 9-11: Summary of average tunnel distortion results for STA 40+00. 
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10. Constructability 

10.1. Introduction 

10.2.Obstructions and Constraints 
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10.3.Traffic Disturbance 

10.4.Construction Activities and Sequencing 
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10.5.Construction Quantities 
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10.6.Construction Equipment 
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11. Operations and Maintenance 

11.1. Introduction 

11.2.Periodic Beach and Dune Nourishment 
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Figure 11-1: Beach Width Variation (RCP 8.5, Medium/High Risk Aversion Projection) 

11.3.Public Access Features 
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11.4.Service Road and Parking Lots 
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12. Legal/Right-of-Way 
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Figure 12-1: Interim Property Boundary Demarcation (GGNRA and CCSF) 
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13. Environmental Review 
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14. Construction Duration and Schedule 
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15. Cost Estimate 
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16. Specification List 
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17. Drawing List 
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1.0 INTRODUCTION

1.1 GENERAL

This Geotechnical Interpretive Report (GIR) presents the results of the geotechnical study

conducted by AGS, Inc. (AGS) for the proposed South Ocean Beach Coastal Erosion and 

Wastewater Infrastructure Protection Project in San Francisco, California. The project alignment

is located within the Great Highway alignment, between Sloat and Skyline Boulevards as shown 

on Plate 1 – Site Vicinity Map.

The purpose of this GIR is to provide geotechnical recommendations for use in design of the 

proposed project.  AGS has reviewed existing geotechnical data available in the vicinity of the 

site and performed a field exploration and laboratory testing program.  The findings from the
existing data review and the field exploration and laboratory testing program were summarized in 

the Geotechnical Data Report (GDR) by AGS (2020) for the project. 

The conclusions and recommendations presented in this report are based on the available 

geologic information for the area and subsurface conditions encountered previously by AGS and 

others and those encountered during our field exploration for this project.  The conclusions and 

recommendations presented in this report should not be extrapolated to other areas or used for 

other facilities without prior review by AGS.

1.2 PROJECT DESCRIPTION

The proposed South Ocean Beach Coastal Erosion and Wastewater Infrastructure Protection 

Project is about 3,180 linear feet (from Station 10+80 to Station 42+60) and primarily includes the 

following two elements:

1. Structural protection of the Lake Merced Transport and Storage Tunnel (LMT); and

2. Strategic management of the coastal conditions.

Our geotechnical study for this project is focused on the first element (structural protection of the 

LMT).  The scope of our geotechnical study on the second element (strategic management of the 

coastal conditions) is to characterize the ground conditions and soil properties at the beach and 

the bluff, which are addressed in the GDR.
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The Alternatives Analysis Report (AAR) by SPUR in 2018 has identified protection of the LMT 

with an exterior low-profile wall as the most feasible alternative meeting both SFPUC and coastal 

requirements. The low-profile wall will be constructed on the west (seaward) side of the LMT.  The 
selected concept for the low-profile wall is a system of secant piles with tiebacks.    

The secant pile wall will consist of overlapping unreinforced and reinforced drilled, cast-in-place 

concrete piles (called “primary” and “secondary” piles, respectively) installed at approximately 5-

foot center-to-center spacing between secondary piles.  Both the primary unreinforced and 

secondary reinforced piles will be approximately 3 feet in diameter.  The primary unreinforced 

piles will be drilled first and filled with concrete, followed by the secondary reinforced piles drilled 

between and partially cutting into the primary unreinforced piles.  The toe of the primary 

unreinforced piles will be set at approximately Elevation -10 feet1.  The secondary reinforced piles 

will be extended to greater depths as determined by structural analysis.  An approximately 5-foot 

wide by 4-foot-thick continuous grade beam will be constructed for the secant pile wall with the 
top set at an elevation approximately 6 feet above the crown of the LMT.  It is anticipated that the 

tiebacks will be installed at a spacing of 10 to 20 feet along the grade beam and at approximately 

45 degrees to provide lateral restraint to the top of the wall. The distance between the centerline 

of the LMT tunnel and the secant pile wall is mostly about 27 feet and up to about 48 feet at the 

northern end near Sloat Boulevard.

Initially, the secant pile wall will be buried.  However, over time, as beach recession occurs, the 

secant pile wall will be exposed (with the ground surface in front of the wall designed for a beach 

level of Elevation +2 feet).  To provide resistance to erosion induced by wave run-up over the top 

of the wall, the upper 4 feet of soil cover for the ultimate backslope (above the LMT) will be either 
improved by in-situ soil-cement mixing or replaced with controlled low-strength material (CLSM) 

with a slope of 3H:1V.  Ultimately, the landward side above the top of the secant pile wall will

become a 3H:1V backslope. We also understand that 3 to 4 feet of sand deposition may occur on 

top of the protective cover.

Based on the 2012 Ocean Beach Master Plan, the Great Highway will be rerouted inland behind 

the San Francisco Zoo via Sloat and Skyline Boulevards.  As currently proposed, a 30-foot wide 

right-of-way (R/W) reservation that consists of a 15-foot wide maintenance access road and a 15-

foot wide multi-use trail will be provided behind the backslope.

1 Elevations in this study are based on NAVD88, unless otherwise noted.
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Based on subsurface and coastal conditions, the proposed wall alignment is divided into five 

reaches as shown in Table 1. The representative stations serve as the worst-case scenario from 

the geotechnical and coastal conditions and were used for design of each reach.

TABLE 1
REACH DESCRIPTIONS

Name Start
Station

End
Station

LMT 
Setback 

from 
Bluff

Depth of 
LMT 

Crown 
(Min/Max)

LMT Crown 
Elevation 

(Beginning / 
End)

Representative

Station
(feet) (feet) (feet) (feet)

North 
Reach 10+80 19+55 40 20/20 9.47 / 10.31 13+55

EQR 
Reach 19+55 24+55 38 20/20 10.31 / 11.15 22+30

Rubble 
Reach 24+55 33+70 80 20/22 11.15 / 11.88 27+40

Bluff 
Reach 33+70 36+65 35 22/30 11.88 / 12.55 35+05

South 
Reach 36+65 42+60 28 30/50 12.55 / 13.33 41+90

1.3 EXISTING DATA REVIEW

Available data from previous geotechnical studies (as listed below) have been reviewed by AGS 

for this project:

Geotechnical Report, Westside Pump Station Reliability Improvements, San Francisco, 

California, by GTC, Inc., 2016;

Draft Report Geotechnical Study, Slope Stability Hazard Evaluation, Great Highway 

Stabilization, San Francisco, California, AGS, Inc., 2010;

Preliminary Engineering Study, Lake Merced Tunnel, The Great Highway, San Francisco, 

California, Treadwell & Rollo, 2002;

Lake Merced Transport Tunnel Geotechnical Design Summary Report, Parsons 

Brinckerhoff Quade & Douglas, Inc., 1990;

Geotechnical Data Report, Lake Merced Transport, San Francisco, California, AGS, Inc., 

1989;
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Preliminary Geotechnical Investigation, Lake Merced Transport Project, San Francisco, 

California, Harding-Lawson Associates, 1981;

Geotechnical Engineering Evaluation, Southwest Ocean Outfall Project, Woodward-Clyde 
Consultants, 1977;

Geologic Exploration Studies, Southwest Ocean Outfall Project, Woodward-Clyde 

Consultants, 1977;

Review and Evaluation of Existing Data, Southwest Ocean Outfall Project, Woodward-

Clyde Consultants, 1977;

Preliminary Report, Offshore Geophysical Survey, Southwest Ocean Outfall Project, 

Woodward-Clyde Consultants, 1977;

Onshore Seismic Refraction Survey, Southwest Ocean Outfall Project, Woodward-Clyde 
Consultants, 1977; and

West Side Transport Soil Investigation Phase I, Harding-Lawson Associates, 1976.

Relevant data from the above documents (including previous boring logs and locations) are 

provided in the GDR.

1.4 FIELD EXPLORATION PROGRAM

Our field exploration program for this project was performed between 2019 and 2021, and 

consisted of:

Seven geotechnical soil borings: B-1 through B-5, B-6A and B-6B;

Twenty (20) cone penetration tests: (CPT-1, CPT-2, CPT-3, SCPT-3, CPT-4 to CPT-19;

Three monitoring wells (MW-1, MW-4 and MW-5 installed adjacent to B-1, B-4 and B-5, 

respectively);

Twelve (12) vacuum potholes (PH-1A, PH-1B, PH-2A, PH-3A, PH-3B, PH-4A, PH-4B, PH-

4C, PH-5A, PH-5B, PH-6A, PH-6B);

Three (3) test pits (TP-1, TP-2, TP-3);

Geophysical survey subsurface profiles (ML-1A, ML-1B, and ML-2 through ML-4); and
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Twelve (12) environmental borings (EB-1 through EB-6 and ET-1 through ET-6) and 

twenty (20) shallow borings for lead characterization. These borings can be seen on Plate 

2 of the AGS report (AGS, 2021a) Environmental Report. 

The findings from our field exploration program have been evaluated to develop geotechnical 

recommendations for this project.  Full details of our field exploration program are provided in the 

GDR (AGS, 2020).

1.5 GEOTECHNICAL LABORATORY TESTING PROGRAM

Geotechnical/geological laboratory testing was performed on selected soil samples from AGS’ 

geotechnical soil borings.  The geotechnical laboratory testing program included:

Moisture content and density;

Atterberg limits;

Particle size analysis;

Triaxial compressive strength (unconsolidated-undrained);

Corrosivity;

Petrographic analysis; and

X-ray diffraction.

The results of our geotechnical laboratory testing program have been evaluated to develop 

geotechnical recommendations for this project.  Full details of our laboratory testing program are 
provided in the GDR (AGS, 2020).

1.6 ENVIRONMENTAL LABORATORY TESTING PROGRAM

Samples collected from the environmental borings EB-1 through EB-5 drilled to a depth of 

approximately 5 feet adjacent to Borings B-1 through B-6 were sent to Enthalpy Analytical in 

Berkeley for the following tests:

Total Petroleum Hydrocarbons – gasoline diesel and motor oil by EPA Method 8015B;

California Title 22 Metals by EPA Methods 6010B and 7471A;

Hexavalent Chromium by EPA Method 7196A;
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Volatile Organic Compounds (VOCs) by EPA Method 8260B;

Semi-volatile Organic Compounds (SVOCs) by EPA Method 8270C; and

Organochlorine Pesticides (OCPs) by EPA Method 8081A.

Twelve (12) samples were collected from the environmental borings ET-1 through ET-6 in January 

2020. Two composite samples were collected from each boring, formed from soil collected 

between 1 and 5 feet below ground surface, and between 5 and 25 feet below ground surface.

The samples were sent to Enthalpy Analytical in Berkeley, CA for the following tests: 

Total Petroleum Hydrocarbons – gasoline, diesel and motor oil by EPA Method 8015B;

California Title 22 Metals by EPA Methods 6010B and 7471A;

Hexavalent Chromium by EPA Method 7196A;

Volatile Organic Compounds (VOCs) by EPA Method 8260B;

Semi-volatile Organic Compounds (SVOCs) by EPA Method 8270C; and

Organochlorine Pesticides (OCPs) by EPA Method 8081A.

Samples were also provided to Asbestos TEM Laboratories, Inc. of Berkeley, CA and analyzed 

for:

Asbestos point count by California Air Resources Board Method 435

Upon receipt of the initial analytical results, selected samples were reanalyzed by Enthalpy for 

the following:

Leachable Chromium by Soluble Threshold Limit Concentration (STLC) Waste Extraction 
Test (WET) Method 6010B

Twenty (20) samples were collected from the environmental borings Lead-1 through Lead-20 in 

April 2021. One composite sample was collected from each boring, formed from soil collected at 

1 foot and 4 feet below ground surface. The samples were sent to Enthalpy Analytical in Berkeley, 

CA for the following test: 

Lead by EPA Method 6010B

The results of our environmental laboratory testing program are provided in the Draft 

Supplemental Environmental Investigation Report (AGS, 2021a).
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1.7 CODES AND STANDARDS

The codes and standards applicable to our geotechnical study for this project include the 

following:

American Society of Civil Engineers Standard 7-16, Minimum Design Loads and 

Associated Criteria for Buildings and Other Structures (ASCE 7-16) including Addenda;

2019 California Building Code (CBC); and

San Francisco Public Utilities Commission General Seismic Requirements for Design of 

New Facilities and Upgrade of Existing Facilities, Revision 3, June 2014 (SFPUC GSR 

2014).
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2.0 FINDINGS

2.1 SITE DESCRIPTION AND TOPOGRAPHY

The project alignment is located along the Great Highway, starting at Sloat Boulevard and 
continuing towards Skyline Boulevard to the south. The Westside Pump Station and the beach 

access parking lot are located at the northern end of the alignment, and the San Francisco Zoo 

is located east of the alignment. The southern end of the project alignment is approximately 1,000 

feet south of the Oceanside Water Pollution Control Treatment Plant (OSP), which is located on 

the eastern side of the northbound lanes of the Great Highway.

Topographically, the site ground surface elevation is approximately +30 feet in the northern two-

thirds of the site, from Sloat Boulevard at about Station 10+80 to about Station 32+00. From about 

Station 32+00 to about Station 42+60, the ground surface elevation gradually increases to 

approximately +60 feet. 

Seaside bluffs in various stages of erosion, and some riprap stabilized seaside slopes, are located 
between 30 feet to 70 feet seaward of the western edge of the Great Highway at the time of this 

study. The bluffs range in height from 20 to 25 feet at the northern end of the site, up to greater 

than 50 feet in height at the southern end of the site. Based on our review of Google Earth and 

the topographic survey provided to us by the SFPUC (2015), these bluffs are sloping at 

approximately 3.5H:1V in the northern end of the site to 1.75H:1V in the southern end of the site.

A total of approximately 1,600 lineal feet of riprap improvements were installed along three 

reaches of the alignment in 2010 after the El Niño storm events of 2009-2010, which caused 

continued erosion and collapse of portions of the Great Highway. The supporting bluffs slipped 

out in some areas and the southbound lane was undermined and the pavement collapsed. At 
several locations along the alignment, the pavement of the former alignment of the Great Highway 

and its associated beach access parking lots, now decommissioned, are remaining on site, and 

overhanging on over-steepened slopes. A concrete k-rail barrier separates the abandoned 

southbound roadway from the current southbound lane. 

2.2 REGIONAL AND SITE GEOLOGY

The geologic conditions of the project alignment are presented on Plates 3A and 3B – Regional 

and Local Geology Maps. 
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2.2.1 Regional Geology

The project study area is located along the coastal bluffs on the southwest side of San Francisco 

and is bounded to the west by the Pacific Ocean. The San Francisco Peninsula constrains the 
western side of the San Francisco Bay, a northwest-trending structural depression called a “bay 

block” that was submerged by rising sea level during the Holocene. This bay block is within the 

Coast Ranges geomorphic province, a region characterized by generally northwest-trending 

mountain ridges, valleys, and faults.  The bay block is bounded by the San Andreas Fault to the 

west and by the Hayward fault to the east.  The San Andreas fault crosses the coastline 

approximately three kilometers southwest of the project alignment. The San Francisco Peninsula 

is underlain by bedrock of the Franciscan Complex. In the project vicinity, the Franciscan bedrock 

surface is estimated to occur deeper than 300 feet (Schlocker, J., and Bonilla, M.G., 1972), and, 

based on Boring B-1 from Woodward-Clyde 1977, may be at a depth of approximately 400 feet.  

Past episodes of tectonism have folded and faulted the rock of the Coast Ranges, creating 

northwest-trending ridges and valleys characteristic of this area. The project alignment lies on the 

northern end of a topographic depression, the Merced Basin: an ancient sedimentary basin 

bounded by the San Andreas Fault to the southwest and the Serra Fault to the northeast. The 

Serra is a northwest striking, southwest dipping thrust fault that is currently thought to be inactive, 

but may have been active during the Holocene (Kennedy, 2002). The Merced Basin is thought to 

be an extensional pull-apart basin, which became filled with sediments of Franciscan origin as 

the basin subsided and the rocks in the Franciscan subduction zone were uplifted.

The Merced Basin is also a subset of the Colma Channel, an ancient watercourse leading from 

San Francisco Bay to the Pacific Ocean. This northwest trending channel, which was formed 

during late Cretaceous and Tertiary time, is bounded to the west by the San Andreas Fault and 

to the east by the inactive San Bruno Fault and the present day San Bruno Mountains. The San 

Bruno Fault is thought to be an inactive, westward dipping normal fault.

During the early Pleistocene Sangamon interglacial, about 100,000 years ago, sea level was 

higher than it is today and much of the San Francisco shoreline, including the Merced Basin and 

the Colma Channel, was below water and connected to the Pacific Ocean. The Merced Basin and 
the Colma Channel were filled with marine as well as continental (Franciscan) sediments. During 

Exhibit 8 
2-21-0912 

Page 14 of 367



Geotechnical Interpretive Report 10 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

the middle Pleistocene Wisconsin glacial, approximately 15,000 years ago, the Merced Basin, 

Colma Channel and parts of San Francisco Bay, were above water. The shoreline of what we 

now call Ocean Beach stretched up to twenty miles westward, above sea level. During this time, 
the Sacramento River flowed to the ocean and deposited sand derived from the granitic, plutonic 

and andesitic materials of the Sierra Nevada at Ocean Beach. 

As glaciers melted and sea level rose, approximately 10,000 years ago, the Merced Basin and 

Colma Channel were filled with alluvial fan and remains above sea level to the present day. The 

sediments filling the Merced Basin are up to 5,000 feet thick and are now called the Merced 

Formation. 

The present-day bluffs at Ocean Beach are uplifted Merced and Colma Formation sedimentary 

units with a lithology reflecting the landward and seaward movement of the shoreline over

episodes of glacial maximums and minimums. There are alternating layers of marine sediments, 

such as silts and clays, coarser sediments such as sand and gravel deposited in the surf zone, 
“backshore” sediments such as fine-grained sands, silts and muds deposited along coastal 

embayments, as well as nonmarine estuarine fine-grained sediments and wind-blown sands. 

2.2.2 Site Geology

In the project vicinity, the major geologic units are: historical artificial fill (Qaf), Holocene-age dune 

sand (Qd) and beach sand (Qb), Pleistocene-age Colma Formation (Qc), Pliocene-age Merced 

Formation (Qm) and Jurassic and Cretaceous Franciscan Complex (KJf). 

2.2.2.1 Artificial Fill (Qaf)

Artificial fill exists along the entire alignment. In the vicinity of Sloat Boulevard, Ocean Beach is 

separated from the Great Highway by a rubble wall about 100 feet wide and 20 to 23 feet above 

high water. This rubble wall was built in the late 1800s to early 1900s in order to provide a surface 

for the construction of the Great Highway. The rubble consists of angular fragments of red chert, 

sandstone and greenstone of the Franciscan Formation, in a mixture of sand and clay. Artificial 

fill that resulted from grading operations during development of the project alignment is derived 

from native sediments, making it difficult to distinguish from dune sands and weathered 

unconsolidated Colma Formation sands.

Exhibit 8 
2-21-0912 

Page 15 of 367



Geotechnical Interpretive Report 11 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

The artificial fill consists mainly of reworked dune sand, with occasional gravel and construction 

debris, and is commonly underlain by dune sand.  The thickest fill occurs as infill along the bluffs, 

and as backfill around drainage pipes and other utilities. In the near-surface, the fill consists of 
clayey or sandy angular gravel. 

2.2.2.2 Dune Sand (Qd)

In the project vicinity, Holocene dune sand deposits (Qd) extend from the western edge of Lake 

Merced to the coast. These deposits were fed by sand blown east from Ocean Beach and were 

deposited in the post-glacial period within the last 10,000 years. The thickness of the dune sand 

ranges from light cover at the tops of the highest bluffs, to up to 50 feet inland of the coast in the 

project. Near-surface dune sands tend to be poorly graded, fine to medium grained clean sand, 

whereas sands at depth may have light cementation or laminations.   

2.2.2.3 Beach Sand (Qb)

Beach sand in the project vicinity is comprised of loose, well-sorted quartz and feldspar sand, 

which grades fine to coarse depending on its location in the surf zone. The beach sand at Ocean 

Beach has heavy mineral laminations, as well as thick layers of sand comprised of magnetite at 

the beach surface at the toe of the bluffs. These sands primarily originated from the Sierra Nevada 

during the previous low-stand sea level, when the San Francisco Bay was above water. Some of 

the sands are also comprised of continental (Franciscan) sediment outwash.

2.2.2.4 Colma Formation (Qc)

The Colma Formation overlies the tilted beds of the Merced Formation at an angular unconformity. 

Inland units of the Colma Formation include poorly consolidated colluvial, stream and eolian 

deposits, whereas coastal deposits of the Colma are more likely to be marine (nearshore and 

backshore) and estuarine in nature. Like the Merced Formation, the facies of the Colma Formation 

were formed with similar sedimentary material as well as in a similar depositional environment 

created by the rising and falling sea level causing transgression and regression of the shoreline.

Yi (2005), McGuire (2009) and others have described the Colma as a an approximately 3-foot 

thick “thin erosional remnant” at Ocean Beach in the project vicinity, and up to about 40 feet thick 

progressing south to Thornton Beach. However, Woodward-Clyde (1977) indicated that the 
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Colma is up to 200 feet thick in the vicinity of the SWOO and overlies the Merced, and Bonilla 

(1988) maps the Colma as underlying the northern two-thirds of the site. 

The Colma Formation generally consists of oxidized, reddish brown, predominantly medium-
grained quartz-feldspar arkosic sand with heavy mineral laminations, and bedding ranging from 

horizontal up to dipping 5 degrees east. Facies of the Colma Formation at depth may include fine-

grained micaceous silty sand, silt, thin clay lenses, and lenses of rounded fine gravels consisting 

of red chert, green chert, Monterey formation laminated rock, and blue schist.

According to Bonilla (1998) and Kennedy (2002), the Colma Formation is of latest Pleistocene 

age and was deposited between about 70,000 to 130,000 years ago.  

2.2.2.5 Merced Formation (Qm)

The Merced Formation overlies the Franciscan Complex in the project vicinity, and consists of an 

accumulation of poorly consolidated sand, clay, gravel and silt sediments, which were deposited 

almost continuously in the late to early Pleistocene. Clifton and Hunter (1988) mapped a 
sequence of approximately 40 facies in the variably tilted and uplifted Merced exposures in the 

seaside cliffs, from the southern edge of the project alignment near Boring B-6 and continuing 

south approximately 7 kilometers to Mussel Rock. These sequences consist of marginal marine 

sediments, such as shelf, nearshore, backshore, embayment and fluvial facies, and their 

arrangement is indicative of alternate transgression and regression of the sea during geologic 

time. Yi (2009) mapped exposures of the Merced Formation in the project vicinity, from Sloat 

Boulevard to Thornton Beach, which is approximately 4.5 kilometers south of Sloat. 

According to Hall (1965), Clifton (1988), Yi (2009), Kennedy (2002) and McGuire (2005), the 

Sequence X and Y of the Merced Formation are exposed closest to the project vicinity. These 
facies are generally weakly lithified to well-cemented, thinly bedded silts, sands, clays, and pebbly 

shell hash deposited in a shallow marine environment. Merced Formation at depth in the project 

vicinity is assumed to be characterized by light gray to dark gray and black fine-grained sand high 

in heavy minerals such as magnetite, and dark bluish gray fat clays with silty interbeds. Micaceous 

material indicative of backshore deposits is also possible in the Merced.

Based on the tectonic history of the Serra Fault, the Merced Formation can show bedding ranging 

from near-horizontal in the project vicinity, to up to 25 degrees and striking northeast in the vicinity 

of Fort Funston and Mussel Rock. Based on Woodward-Clyde’s Boring B-1, the Merced 

Formation in the project vicinity can extend to approximately 400 feet depth at the contact with 
the Franciscan Formation.
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2.2.2.6 Franciscan Complex (KJf)

Franciscan Complex rocks underlying the project alignment and its vicinity include graywacke 

sandstone, siltstone, claystone, and shale.   

2.2.2.7 Discussion

AGS met with Professor John Caskey of San Francisco State University (SFSU) on March 19th,

2019 to discuss the subsurface stratigraphy at the project alignment. Professor Caskey and his 

graduate students have studied the Colma and Merced Formations in the site vicinity and south 

of the site vicinity for the past two decades. Yi (2005) mapped outcrops of the Merced Formation 

on the cliff exposures starting at Sloat Boulevard and continuing south 7 kilometers (km) to 

Thornton Beach. Yi also tested samples from the Colma, Merced, and Dune Sand units for grain 

size distribution and petrography. Kennedy (2002) hypothesized that the Merced Formation has 

been folded by and is bounded by the Serra Fault in the project vicinity, and he used optical 

luminescence to date the units. In a personal communication dated March 2019, Caskey indicated 
that the project alignment is likely to be chiefly underlain by Merced Formation in the near surface. 

He added that it is extremely difficult to distinguish between the bottom-most units of the Colma 

and the uppermost units of the Merced formations, as they are comprised of nearly identical 

material. This is a point to which others have also alluded (Woodward-Clyde 1977, Clifton and 

Hunter 1988). In their 1977 report, Woodward-Clyde indicates that the project alignment is 

underlain in the near surface by dune sands, then Colma formation up to 200 feet depth, and by 

Merced Formation up to 5,000 feet depth.  

2.3 SUBSURFACE GEOTECHNICAL CONDITIONS

2.3.1 Subsurface Stratigraphy

Based on the material encountered in our borings, CPTs, and potholes, as well as the results of 

the geotechnical and geological lab test results, a generalized site stratigraphy profile was 

developed. The site stratigraphy shown in Table 2 and on Plates 4A to 4E represents AGS’s 

estimate of the thicknesses of the units. The subsurface stratigraphy along the SWOO cross 

section trending east to west towards the ocean, crossing the LMT, is presented on Plate 5.

Boring B-1 was drilled in the beach access parking lot at the intersection of Sloat Boulevard and 

the Great Highway. Boring B-1 encountered approximately 20 feet of brown, loose to medium 

dense poorly-graded sand, with lenses of silty sand. Approximately 10 feet of dense, black and 

gray poorly graded sand with silt, underlies the medium dense sand. Approximately 40 feet of 
dense to very dense, bluish gray poorly graded sand, underlies the dense sand, which is underlain 
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by 30 feet of bluish gray, medium dense to very dense silty sand and poorly graded sand with silt. 

Boring B-1 encountered very stiff fat clay at 100 feet depth to the bottom of the boring at 101.5 

feet depth.

Boring B-2 encountered approximately 12 feet of loose to medium material comprised of grayish 

brown, poorly graded sand with trace silt. This is underlain by approximately 13 feet of dark gray, 

medium to dense poorly graded sand. This is underlain by about 25 feet of reddish brown and 

gray, dense to very dense, poorly graded sand and 31.5 feet of dark gray, loose to very dense 

silty sand and sand with silt, or very soft sandy clay.

Boring B-3 encountered approximately 12 feet of loose to medium dense brown and grayish 

brown sand overlying approximately 5 feet of medium dense dark gray poorly graded sand. These 

layers are underlain by approximately 40 feet of dense to very dense poorly graded sand with silt 

and silty sand. This layer is underlain by 40 feet of very dense silty sand and poorly graded sand 

and very stiff silt with sand. At 100 feet depth, fat clay was encountered, to the bottom of the 
boring at 101.5 feet depth. 

Boring B-4 encountered approximately 13 feet of loose to medium dense, poorly graded sand, 

underlain by about 5 feet of medium dense to dense poorly graded sand with silt and silty sand. 

Underlying this layer is 50 feet of dense to very dense silty sand and dense clayey sand, including 

a five-foot layer of very stiff fat clay. Abundant mica was identified in samples between about 35 

feet to 45 feet depth. The dense silty sand layer is underlain by 5 feet of dense silty sand and 6.5 

feet of fat clay up to the bottom of the boring at 81.5 feet depth.

Boring B-5 encountered approximately 9 feet of loose to medium dense, reddish brown silty sand, 

underlain by approximately 6 feet of medium dense, yellowish brown, poorly graded sand with 
silt. This layer was underlain by approximately 36.5 feet of dense to very dense brown poorly 

graded sand with silt and very dense reddish brown silty sand, to the bottom of the boring at 51.5 

feet depth.

Boring B-6A encountered fill up to the bottom of the boring at about 38 feet depth. The fill was 

brown and reddish brown, dense to very dense, poorly graded sand with silt. Boring B-6

encountered refusal on concrete. Boring B-6B was drilled adjacent to Boring B-6A with rotary

wash up to a depth of about 30 feet without sampling and continued to about 35.5 feet with 

sampling. Boring B-6B encountered reddish brown, dense, poorly graded sand with silt fill from 

30 to 35.5 feet depth. Boring B-6B refused at about 35.5 feet depth.
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TABLE 2
SUMMARY OF SUBSURFACE CONDITIONS 

Reach Representative 
Borings ID 

Loose to 
Medium 

Dense Sand 
Thickness  

Medium 
Dense Sand 
Thickness 

Sand / 
Sand with 
Silt1 Layer 
Thickness 

Sand1, Silty 
Sand1, Silt2,
Clay2 Layer 
Thickness 

Maximum 
Depth of 

Exploration 

    (feet) (feet) (feet) (feet) (feet)

North 
B-1, R3-13, B-64,

CPT-2
20 5-15 50-65 >31.5 101.5

EQR B-2, CPT-3, CPT-4 10-20 0-10 30-40 >31.5 100.5 

Rubble 
B-3, B-4, B-54, CPT-

7, CPT-9 
5-15 5-10 35-55 >31.5 101.5 

Bluff B-5, R2-13, CPT-10 10-20 5-15 40-60 >6.3 79.7 

South 

B-6, R1-C23, R1-C33,

R1-C13, R1-B33, R1-

B13, R1-A13, CPT-11, 

CPT-12, CPT-13

30-40 0-10 >10 >40 76.3 

Notes:
1. Sand, Sand with Silt, and Silty Sand were generally dense to very dense in these layers.
2. Silt and Clay were generally stiff to hard in these layers.
3. Boring from AGS 2010
4. Boring from AGS 1989

2.3.2 Groundwater Levels

Depth to groundwater was measured in monitoring wells MW-1, MW-2, and MW-3, companion 
holes to Boring B-1, B-4 and B-5, respectively. Groundwater was encountered at a depth of about 

22 feet below grade in MW-1, at the approximate elevation of sea level at the time of our reading. 

The rotary wash method prevented groundwater readings in the remaining borings, Borings B-2, 

B-3 and B-6.

Table 3 presents depth to groundwater encountered in each of the exploration monitoring wells, 

as well as in borings from previous explorations.
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TABLE 3 
GROUNDWATER LEVEL DATA 

Well ID Date 
Measured

Ground Surface 
Elevation, 
NAVD88

Groundwater 
Elevation, 
NAVD88

Depth to 
Groundwater

Total 
Depth

Source

  (feet) (feet) (feet) (feet) (feet)   

MW-1

3/15/19 31.4 9.4 21.96 25.09 AGS 2019 

5/31/19 31.4 8.7 22.70 25.04 AGS 2019

6/28/19 31.4 8.1 23.31 26.02 AGS 2019 

7/27/19 31.4 8.2 23.18 25.08 AGS 2019 

10/2/19 31.4 9.0 22.41 25.05 AGS 2019 

11/6/19 31.4 8.3 23.08 25.05 AGS 2019 

12/10/19 31.4 8.9 22.46 25.05 AGS 2019 

2/5/20 31.4 9.1 22.28 25.05 AGS 2020 

4/1/20 31.4 8.6 22.80 25.05 AGS 2020 

4/8/20 31.4 8.9 22.55 25.05 AGS 2020 

5/29/20 31.4 8.9 22.48 25.05 AGS 2020 

6/26/20 32.4 9.1 23.34 25.05 AGS 2020 

MW-2 

3/15/19 30.4 8.4 22.01 27.70 AGS 2019 

5/31/19 30.4 7.8 22.58 26.66 AGS 2019 

6/28/19 30.4 7.4 23.02 27.63 AGS 2019 

7/24/19 30.4 7.6 22.81 27.28 AGS 2019 

10/2/19 30.4 8.6 21.76 27.64 AGS 2019 

11/6/19 30.4 8.1 22.35 27.58 AGS 2019 

12/10/19 30.4 8.4 22.04 27.57 AGS 2019 

2/5/20 30.4 8.0 22.42 27.57 AGS 2020 

4/1/20 30.4 7.7 22.75 27.34 AGS 2020 

4/8/20 30.4 8.0 22.39 27.34 AGS 2020

5/29/20 30.4 8.6 21.85 27.34 AGS 2020 

6/26/20 31.4 8.4 23.05 27.34 AGS 2020 

MW-3  3/15/19 28.9 5.6 23.33 28.30 AGS 2019 

5/31/19 28.9 4.2 24.75 29.32 AGS 2019 
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TABLE 3 
GROUNDWATER LEVEL DATA 

Well ID Date 
Measured

Ground Surface 
Elevation, 
NAVD88

Groundwater 
Elevation, 
NAVD88

Depth to 
Groundwater

Total 
Depth

Source

  (feet) (feet) (feet) (feet) (feet)   

MW-3

6/28/19 28.9 5.1 23.79 28.22 AGS 2019 

7/24/19 28.9 5.5 23.41 28.22 AGS 2019

10/2/19 28.9 5.8 23.07 28.23 AGS 2019 

11/6/19 28.9 5.4 23.55 28.20 AGS 2019 

12/10/19 28.9 5.4 23.50 28.22 AGS 2019 

2/5/20 28.9 5.4 23.51 28.22 AGS 2019 

4/1/20 28.9 5.3 23.62 28.22 AGS 2020 

4/8/20 28.9 5.3 23.64 28.22 AGS 2020 

5/29/20 28.9 5.9 23.05 28.22 AGS 2020 

6/26/20 28.9 5.1 23.84 28.22 AGS 2020 

B-5 (AGS)  5/24/89 29.4 10.4 19.0 60.0 AGS 1989 

B-6 (AGS) 5/24/89 31.4 8.4 23.0 70.0 AGS 1989 

HLA-54 6/24/77 31.9 11.4 20.5 101.5 HLA 1977 

WC-4 6/6/77 36.4 6.9 29.5 80.0 W-C 1977 

WC-10 6/6/77 48.5 13.5 35.0 60.0 W-C 1977  

B-2 (GTC) 10/8/15 32.4 20.1 12.3 111.5 GTC 2016 

2.4 SEA LEVEL RISE SCENARIO

As indicated in Section 4.6 of the Conceptual Engineering Report (CER), Coastal erosion will 

increase with sea-level rise. Additional factors impacting coastal erosion events include high tides, 

storm surge, El Niño effects, and elevated groundwater tables.

2.5 FAULTING AND SEISMICITY

2.5.1 Surface Fault Rupture

The site is not located within an Alquist-Priolo earthquake fault zone (CGS, 2007). Therefore, the 

risk of surface fault rupture is considered to be very low.

TABLE 3 CONTINUED
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2.5.2 Historical Seismicity

The project area is located in a seismically active region subject to periodic earthquakes causing 

strong to violent ground shaking of the site. The San Andreas Fault is about 2.6 kilometers (km) 
southwest of the site and is the major fault system in the region. Further from the project alignment

are the San Gregorio Fault, which is 7.7 km southwest of the site, the   Hayward Fault, which is 

about 27.4 km to the northeast; both are also significant seismic sources. Other major active faults 

considered capable of causing significant shaking at the project alignment by the United States 

Geological Survey (USGS) include the Point Reyes, Monte Vista-Shannon, Mount Diablo Thrust, 

Calaveras, Green Valley, West Napa, Greenville and Great Valley faults. Active fault traces and 

epicenters of recent earthquakes are shown on Plate 6 – Earthquake Epicenters and Fault Map. 

Historic earthquakes attributed to each fault are listed in Table 4 - Historical Earthquakes. 
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TABLE 4
HISTORICAL EARTHQUAKES

Date Magnitude Fault Epicenter Area 

June 24, 1808 6.05 Unknown Uncertain, San Francisco Bay Area 

June 10, 1836 6.51, 6.85 San Andreas San Juan Bautista 

June 1838 7.51, 7.05 San Andreas San Juan Bautista 

Nov. 26, 1858 6.255 Calaveras San Jose Area

February 26, 1864 6.05 San Andreas South Santa Cruz Mountains 

March 26, 1864 6.05 San Andreas Santa Cruz Mountains 

October 8, 1865 6.32, 6.55 San Andreas South Santa Cruz Mountains 

October 21, 1868 7.02,5 Hayward Berkeley Hills, San Leandro 

February 17, 1870 6.05 San Andreas Los Gatos 

April 12, 1885 6.255 San Andreas South Diablo Range 

May 19, 1889 6.255 Concord-Green Valley Antioch 

April 24. 1890 6.255 San Andreas Pajaro Gap 

April 19, 1892 6.55 Great Valley Vacaville 

April 21, 1892 6.255 Great Valley Winters 

June 20, 1897 6.255 Calaveras Gilroy 

March 31, 1898 6.55 Rodgers Creek Mare Island 

April 18, 1906 8.03 San Andreas Golden Gate 

July 1, 1911 6.64, 6.55 Calaveras Diablo Range, East of San Jose 

October 22, 1926 6.15 San Gregorio Monterey Bay 

April 24, 1984 6.15 Calaveras Morgan Hill 

October 17, 1989 7.15 San Andreas Loma Prieta, Santa Cruz Mountains 

August 24, 2014 6.06 West Napa South Napa, American Canyon 

1) Borchardt & Toppozada (1996)
2) Toppozada, et al. (1981)
3) Petersen, et al (1996)
4) Real, et al (1978), Toppozada (1984)
5) Ellsworth, W.L. (1990)
6) GEER (2014)

2.5.3 Regional Active Faulting

The maximum moment magnitude earthquake (Mmax) is defined as the largest earthquake that 

a given fault is considered capable of generating. The Mmax earthquake on the San Andreas 

Fault will be a magnitude 8.05 event occurring approximately 2.6 km (1.6 miles) from the project 
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alignment. The seismicity associated with each pertinent fault within 70 kilometers, including 

estimated slip rates, is summarized in Table 5 - Fault Seismicity.

TABLE 5
FAULT SEISMICITY

Fault Name Distance 
to site 2

Maximum 
Moment

Magnitude 1
Contributing Segments 2 UCERF 3 

Slip Rate 1

(km) (mm/year) 

San Andreas 2.6 8.05 

Peninsula (SAP) +  
Santa Cruz Mountains (SAS) +  

Offshore (SAO) + 
North Coast (SAN)  

17.0 
17.0 
24.0 
24.0 

San Gregorio 
Connected 7.7 7.50 San Gregorio (North) + 

San Gregorio (South  
7.0 
3.0 

Hayward-Rodgers 
Creek 27.4 7.33 

Rodgers Creek (RC) + 
Hayward Northern (HN) + 
Hayward Southern (HS) 

9.0 
9.0 
9.0 

Point Reyes 37.3 6.90 Point Reyes  0.1 

Monte Vista - 
Shannon 39.6 6.50 Monte Vista-Shannon (MVS)  0.6 

Mount Diablo Thrust 44.2 6.70  Mount Diablo Thrust North 
Mount Diablo Thrust South 

2.0 
2.0 

Calaveras 44.8 7.03 
Calaveras North (CN) + 

Calaveras Central (CC) + 
Calaveras South (CS)  

6.0 
15.0 
15.0 

Green Valley 
Connected 49.1 6.80 Green Valley 4.0 

West Napa 53.4 6.70 West Napa (WN)  1.0 

Greenville Connected 61.6 7.00 Greenville North 
Greenville South 

3.0 
3.0 

Great Valley 5, 
Pittsburg Kirby Hills 66.2 6.70 Great Valley 5, Pittsburg Kirby 

Hills 1.5 

1) WGCEP (2003, 2008), Working Group on California Earthquake Probabilities
Map distance to the nearest segment, based on USGS Quaternary Fault and Fold Database (2006)

2) WGCEP (2008), Tables I-1 and I-3 of Appendix I. Parameters for Faults in California, 2008, “Documentation for the 
2008 Update of the United States National Seismic Hazard Maps” and UCERF3 (2014).

2.6 LANDSLIDES

The project alignment is generally not located within a State of California designated Seismic 

Hazard Zone for earthquake-induced landslides (CGS, 2000).  The sea cliff adjacent to the 
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southern end of the project alignment (south of approximately Station 42+00) is mapped by the 

CGS to be in an area considered potentially susceptible to earthquake-induced landslides.  Based 

on our review of the published geologic data, including Bonilla (1998) and Clifton and Hunter 
(1999), the materials mapped at the sea cliff mostly consist of the Merced Formation with 

favorably-oriented beddings (dipping into the slope of the sea cliff).  As noted above, the landslide

hazard associated with the project alignment is primarily due to coastal erosion.  It is our opinion 

that, after the construction of the proposed secant pile wall in conformance with our geotechnical 

recommendations, the potential for future landslides to adversely affect the LMT will be low.   

2.7 TSUNAMI

The Tsunami Inundation Map for Emergency Planning (San Francisco North Quadrangle, June 

2009, State of California) indicates that the project alignment is within an area at risk for tsunami 

inundation. The tsunami inundation line extends from the shoreline up to and including the Great 
Highway between Station 12+00 to Station 22+00. Between Station 22+00 to Station 33+00, the 

tsunami inundation line extends to the immediate west of the southbound lane of the Great 

Highway.

We note that tsunami risk, including the inundation zone, is increased with sea level rise.

2.8 CORROSION POTENTIAL

Based on the soil resistivity classification presented by National Association of Corrosion 

Engineers (2010) and the results of corrosivity testing at the site, the onsite soils are classified as 

“extremely corrosive” to “moderately corrosive”. According to ACI 318-11, the sulfate 
concentration measured in one of the corrosivity samples tested for AGS’ geotechnical 

investigation indicates a Soil Exposure Class S1.

Corrosive soils may adversely affect the foundations and buried utilities.  It is recommended that 

all buried metal piping and reinforced concrete be properly protected against corrosion depending 

upon the critical nature of the structure. A corrosion engineer should be consulted for the 

development of long-term site-specific corrosion protection measures.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 GENERAL

Based on the results of our data review, field exploration, laboratory testing, and engineering 
analyses, it is our opinion that the proposed South Ocean Beach Coastal Erosion and Wastewater 

Infrastructure Protection Project is feasible from a geotechnical point of view, provided the 

recommendations presented in this report are incorporated in the design and construction of the 

project. Conclusions and design recommendations for the secant pile wall, seismic design, site 

preparation and grading, and construction considerations are presented the following sections.

The following recommendations are for designing of a soil retention system which will resist lateral 

earth pressures based on the ultimate retaining condition when the bluff in front of the wall has 

resulted in loss of soils to a beach level of Elevation +2 feet for short term (equivalent to 72-year 

return period or 50 percent chance of occurrence in 50 years) and +10 feet for long-term

(equivalent to 975-year return period or 5 percent chance of exceedance in 50 years).

3.2 DESIGN GROUNDWATER LEVEL

Groundwater levels recorded in previous borings and monitoring wells generally range from 

approximately Elevation +5.5 to +13.5 feet.  SFPUC’s 2017 Annual Groundwater Monitoring 

Report for Westside Basin indicates groundwater at approximately Elevation +10 feet at the site 

vicinity (based on the Groundwater Elevation Contours for Shallow Aquifer, Spring 2017).  The 

construction of the secant pile wall may induce changes in groundwater conditions and therefore

we recommend installation of a subdrain system at the top of the secant pile wall (behind the 

grade beam) discharging to a suitable free-drainage outlet.  For design purposes, we recommend 
that groundwater levels at Elevation +10.7 feet (for the North Reach), Elevation +11.9 feet (for 

the EQR Reach), Elevation +12.6 (for the Rubble Reach), Elevation +13.6 feet (for the Bluff 

Reach), and Elevation +17 feet (for the South Reach) be considered behind the proposed secant 

wall.

3.3 SEA LEVEL RISE SCENARIO

As indicated in Section 4.6 of the Conceptual Engineering Report (CER), Coastal erosion will 

increase with sea-level rise. Additional factors impacting coastal erosion events include high tides, 

storm surge, El Niño effects, and elevated groundwater tables. 
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3.4 DESIGN GROUND MOTION

Ground motion design parameters at the Ocean Beach site were obtained through site-specific 

analyses for a Seismic Performance Class III facility per Section 2.2.3 of the SFPUC 2014 GSR. 
Per Section 2.2.3 of the SFPUC 2014 GSR, Design ground motion for facilities in Seismic 

Performance Class III should have a 5% probability of exceedance in 50 years (975-year return 

period). According to this section of the SFPUC 2014 GSR, design spectra for facilities in Seismic 

Performance Class III should be obtained from a site-specific evaluation. Procedure outlined in 

ASCE 7-16 with Supplemental 1 was used to develop site specific response spectra. Both 72-

year and 975-year return period acceleration response spectra were obtained from a site-specific 

Probabilistic Seismic Hazard Analysis (PSHA) with the latest Western United States ground 

motion model called the 2014 Next Generation Attenuation West-2 (NGA-West2) relationships 

developed by Abrahamson, Silva, and Kamai (2014), Boore et al. (2014), Campbell and 

Bozorgnia (2014), and Chiou and Youngs (2014). Based on the subsurface profile at the site, the 
site is classified as Site Class D – Stiff Soil with estimated shear wave velocity profiles in the 

upper 30 meters, or 100 feet, of the ground surface (Vs30) of about 220 meters per second (mps), 

or about 720 feet per second (fps).  

Additionally, we developed ground surface spectral acceleration for 50% probability of 

exceedance in 50 years (72-year return period) for extreme wall-toe erosion at which beach level 

is at Elevation +2 feet. Table 6 shows probabilistic and 84th percentile deterministic accelerations 

for base level and 975-year return period. Based on Section 21.1.2 of ASCE 7-16, the site 

response model is permitted to be terminated where the soil stiffness is at least as great as the 
values used to define Site Class D provided that the very deep soil profiles make the development 

of a soil model to bedrock impractical. In such cases, the MCER response spectrum and 

acceleration time histories of the base motion developed shall be adjusted upward using site 

coefficients presented in Section 11.4.3 consistent with the classification of the soils at the profile 

base. Design level base and ground surface spectra accelerations for both 975-year and 72-year 

return periods are presented in Table 7 and Plate 7.
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TABLE 6
RECOMMENDED 975-YEAR SPECTRAL ACCELERATIONS (5% DAMPING)

Structural 
Period  

975-year 
Probabilistic 

84th-percentile 
Deterministic  

Lower of 
Probabilistic or 
Deterministic  

Deterministic 
Lower Limit 

Design Spectrum 
Acceleration 

(sec) (g) (g) (g) (g) (g)
0.01 0.96 0.99 0.96 0.65 0.96 
0.02 0.97 0.99 0.97 0.69 0.97 
0.03 1.01 1.01 1.01 0.74 1.01
0.05 1.00 1.04 1.00 0.83 1.04 
0.08 1.23 1.23 1.23 0.96 1.23 
0.10 1.55 1.41 1.41 1.05 1.41 
0.15 1.90 1.68 1.68 1.28 1.68 
0.20 2.03 1.86 1.86 1.50 1.86 
0.25 2.07 2.03 2.03 1.50 2.03 
0.30 2.05 2.13 2.05 1.50 2.05 
0.40 2.00 2.25 2.00 1.50 2.00 
0.50 1.92 2.23 1.92 1.50 1.92 
0.75 1.52 1.84 1.52 1.50 1.52 
1.00 1.24 1.51 1.24 1.50 1.50 
1.50 0.85 1.06 0.85 1.00 1.00 
2.00 0.65 0.78 0.65 0.75 0.75 
3.00 0.44 0.53 0.44 0.50 0.50 
4.00 0.31 0.38 0.31 0.38 0.38 
5.00 0.25 0.29 0.25 0.30 0.30 
7.50 0.13 0.15 0.13 0.20 0.20 
10.00 0.08 0.09 0.08 0.15 0.15 
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TABLE 7
RECOMMENDED SPECTRAL ACCELERATIONS (5% DAMPING)

Structural 
Period  

Design Spectrum Acceleration 
(72-year return period) 

Design Spectrum Acceleration 
(975-year return period) 

Base Ground 
Motion

Surface Ground 
Motion

Base Ground 
Motion

Surface Ground 
Motion

(sec) (g) (g) (g) (g)
0.01 0.26 0.25 0.98 0.96
0.02 0.26 0.25 0.99 0.97
0.03 0.28 0.25 1.03 1.01 
0.05 0.33 0.28 1.20 1.04 
0.08 0.42 0.36 1.48 1.23 
0.10 0.5 0.43 1.68 1.41 
0.15 0.6 0.54 1.99 1.68 
0.20 0.63 0.61 2.23 1.86 
0.25 0.63 0.64 2.38 2.03 
0.30 0.59 0.66 2.41 2.05 
0.40 0.52 0.64 2.35 2.00 
0.50 0.44 0.59 2.17 1.92 
0.75 0.30 0.52 1.68 1.52 
1.00 0.20 0.52 1.28 1.50 
1.50 0.12 0.19 0.85 1.00 
2.00 0.07 0.14 0.57 0.75 
3.00 0.04 0.09 0.36 0.50 
4.00 0.03 0.07 0.26 0.38 
5.00 0.02 0.06 0.20 0.30 

Based on the methods of SFPUC General Seismic Requirements (SFPUC 2014 GSR), site 

specific spectral accelerations were developed for the project. According to Section 2.2.3 of the 
SFPUC GSR, design ground accelerations at the base below ground structures with Seismic 

Performance Class III were developed with 5 percent probability of exceedance in 50 years (975-

year return period).  The design ground acceleration at the base were capped to a deterministic 

limit taken as the 84th percentile level for the maximum earthquake with a lower bound of the 

deterministic Maximum Considered Earthquake (MCE) as defined in Section 21.2.2 of ASCE 7.

3.5 LIQUEFACTION

Soil liquefaction is a phenomenon in which saturated (submerged), loose to medium dense

cohesionless soils lose their strength due to the build-up of excess pore water pressure, especially 

during cyclic loadings such as those induced by earthquakes. In the process, the soil acquires 
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mobility sufficient to permit both horizontal and vertical movements, if not confined. Soils most 

susceptible to liquefaction are loose, clean sands. Silty sands and low-plasticity silts may also 

liquefy during strong ground shaking. Based on the assessment of Youd and Perkins (1978) on 
different soil susceptibilities to liquefaction, Pleistocene age (11,000 to 2 million years ago) 

sedimentary deposits, including alluvial fan and plain (Colma Formation) and marine terraces and 

plans (Merced Formation) generally have low to very low susceptibility to liquefaction.

3.5.1 Liquefaction Potential

The liquefaction potential of soils at the site was evaluated based on the method described in 

Idriss and Boulanger (2014) and the groundwater and modified peak ground acceleration (PGAM).

The maximum considered earthquake geometric mean peak ground acceleration (PGAM) was 

developed for two hazard levels: 0.25g for 72-year return period and 0.96g for 975-year return 

period. The values were used to assess the potential for liquefaction and for dynamic seismic 

lateral earth pressure.

The analysis results generally indicate that there is a layer of potentially liquefiable soi ls in the 

upper zone (consisting of loose to medium dense fill and dune sand below the groundwater table) 

that is generally above the spring line of the LMT.  Below that, the sands of the Colma and Merced 

Formations are mostly dense to very dense and, in general, their potential for liquefaction is low. 

Some relatively thin intermittent layers of medium dense sands were encountered within the 

Colma and Merced Formations that may liquefy locally during a major earthquake.  However, 

considering that they are generally localized, relatively thin and at greater depths, their potential 

impact to the LMT and the project is considered to be low.

3.5.2 Consequences of Liquefaction

The main effects of liquefaction at the site may include settlement of the ground surface, lateral 

deformation, development of excess pore water pressure, buoyancy effects on the below 

groundwater structures, loss of allowable bearing pressure, downdrag force on the proposed 

secant pile wall, and increased lateral pressures on below grade structural elements, and 

foundations extending below the groundwater table.

3.5.3 Liquefaction-Induced Settlement

Liquefaction of the saturated, loose to medium dense sandy soils may occur during a major 

earthquake and result in liquefaction-induced settlement.  The estimated liquefaction-induced 

settlements and the thickness of potentially liquefiable layers at the various boring and CPT 
locations are presented in Table 8.
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TABLE 8
ESTIMATED LIQUEFACTION-INDUCED SETTLEMENTS

Boring or CPT Reach
Ground Surface 

Elevation,
NAVD88

Depth to LMT 
Spring Line 

Depths of 
Liquefiable 

Layers

Liquefaction-Induced 
Settlement 

(inches) 
72-yr              975-yr    (feet) (feet) (feet)

B-1

North 

31 35 15-20 0 1

CPT-2 29.5 30

14-15

16-21

¼

½

¼

¾

51-54 ¼ ¼

CPT-14 5.5 N/A 

1-3 

10-14

20-21

25-27

¾

½

¼

¾

¾

½

¼

¾

B-2 

EQR

30 27
14-15 0 ½

50-56 1½ 2 

CPT-3 30 30
14-17 0 ½

18-23 ¼ 1 

32-35 ¼ ¼

CPT-4 30.5 27
15-20 ¼ 1 

42-46 0 ¼

CPT-5 28 28

12-23 1¾ 3½

45-46

48-51

¼

¼

¼

¼

CPT-15 4.5 N/A 
1-6 

22-52

1 

8 

1 

8 

B-3 

Rubble 

28.5 25 NL 0 < ¼

B-4 29 27 NL 0 < ¼

AGS 1989 B-5 29 28 15-20 0 1½

CPT-6 29 26
13-19 1 1½

31-38 ½ 1 

CPT-7 29 26

13-22 ½ 1½

28-31 0 ¼

38-40 0 ¼
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TABLE 8 (CONTINUED)
ESTIMATED LIQUEFACTION-INDUCED SETTLEMENTS

Boring or 
CPT

Reach
Ground Surface 

Elevation 
(NAVD88)

Depth to 
LMT Spring 

Line) 

Depths of 
liquefiable 

layers 

Liquefaction-induced 
settlement 

(inches) 
(feet) (feet) (feet) 72-yr 975-yr

CPT-8 

Rubble

29
25

13-14

21-22

¼

0 
½

¼

¼

¼
25-26

32-34

0 

¼

CPT-9 29 27 49-52 0 ¼

CPT-16 4.5 N/A 
2-6 

12-50

2 

½

2 

½

CPT-17 4.5 N/A 

2-8 

22-29

33-36

41-66

2 

1 

¾

6 

2 

1 

¾

6 

B-5 

Bluff 

31 28 NL 0 < ¼

CPT-10 36 31
20-24 0 ¼

32-33 0 ¼

CPT-18 4.5 N/A 1-5 1¼ 1¼

AGS 2010 

R1-C2

South 

39 34 20-25 1 1 

AGS 2010 

R1-B3
43 38

25-38

38-50

1 

¼

3½

1¼

AGS 2010 

R1-B1
46 40

28-30

40-43 

¾

¾

¾

1 

AGS 2010 

R1-A1
50 45 32-40 1¼ 1¼

CPT-11 60 55 39-40 ¼ ¼

CPT-12 65 59 45-47 ¼ ¼

CPT-19 6.5 N/A 1-3 1 1 

1) NL = Non-liquefiable
2) Elevation at beach level should be considered as approximate
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It is noted that the majority of the potentially liquefiable soils are located above the spring line of 

the LMT. The estimated liquefaction-induced settlements below the spring line of the LMT are 

presented in Table 9.  To assess the impact of liquefaction on the structural integrity of the LMT, 
a numerical modeling study using finite difference analyses (FLAC) was performed during the 

design phase. The results from FLAC numerical modeling study are presented in Appendix C.

TABLE 9
LIQUEFACTION-INDUCED SETTLEMENT BELOW LMT SPRING LINE

Reach
Liquefaction-induced Settlement below 

Spring Line of LMT  
(inches) 

North ¼

EQR ¼ - 2 

Rubble ¼ - 1 

Bluff ¼

South ¼ – 1¼

3.5.4 Liquefaction-Induced Lateral Deformation

Liquefaction-induced lateral deformation (also referred to as lateral spreading) is lateral 

movement of surficial soil mass towards a free face (such as the coastal bluff and beach slopes) 

during earthquakes.  It typically occurs when a continuous layer of sands liquefies during a major 
earthquake and the overlying non-liquefiable crust slides as large blocks over the liquefied soils, 

creating fissures and scarps.   It is our opinion that, majority of the lateral spreading along the 

proposed secant retaining wall will be above the pile cap. For the area where liquefaction-induced 

lateral deformation extends below the pile cap, it is our opinion that after the construction of the 

proposed secant pile wall in conformance with our geotechnical recommendations in this report, 

the continuity of the potentially liquefiable soil will be interrupted. If the proposed secant pile wall 

is designed to withstand liquefaction-induced lateral forces, then the potential for lateral spreading 

adversely affecting the LMT will be low.
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3.5.5 Liquefaction-Induced Lateral Earth Pressure

If the soils behind the secant pile wall liquefy during a major earthquake, the lateral earth pressure 

exerted on the wall would be momentarily increased.  Our recommendations on the liquefaction-
induced lateral earth pressure for design are presented in Section 3.8.2 - Lateral Earth Pressures.  

3.5.6 Liquefaction-Induced Uplift Pressure

Soil liquefaction can also result in an increase in uplift pressure on buried structures surrounded 

by liquefiable soils during a major earthquake. Such condition generally occurs when saturated, 

loose to medium dense sandy soils around the buried structures liquefy and lose their shear 

resistance against uplift from buoyance of the buried structures. The majority of the potentially 

liquefiable soils encountered is either above the spring line of the LMT or relatively thin localized 

layers that are approximately 1 to 2 feet thick below the spring line of the LMT. The risk of uplift 

of the LMT during a major earthquake was evaluated by numerical modeling, taking into account 
the reduction in shearing resistance of liquefied soils during earthquakes. The results of our 

numerical analyses are presented in the Soil-Structural-Interaction Technical Memorandum 

(AGS, 2021b) included in Appendix C.

3.5.7 Liquefaction Mitigation

The consequences of liquefaction, such as liquefaction-induced settlement and lateral 

deformations, have been discussed above. If the consequences of liquefaction are not acceptable 

to the design team, possible mitigation measures are discussed below.

Ground improvement of potentially liquefiable soils may consist of either deep soil mixing (DSM) 
or grouting techniques (such as jet grouting).  Other ground improvement techniques are also 

available; however, they are apparently not feasible due to the site constraints, specifically over 

the concern of potential impact to the LMT.

DSM is a technique that involves mixing cementitious materials and in-place soils with a hollow-

stem auger and paddle arrangement.  Augers up to about 6 feet in diameter are commonly used 

to create soil-cement cells, and overlapping soil-cement columns are required in order to be an 

effective ground improvement.  DSM may generate a significant amount of spoils that must be 

controlled and handled.
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Chemical grouting involves the injection of low viscosity liquid grout (such as silicates, resins, 

microfine cements or polyurethane) under pressure into the pore spaces of granular soils that 

results in hardening of the soils by binding the soil grains together.

Jet grouting is another method of ground reinforcement that uses high kinetic energy in the form 

of a high velocity jet of grout to breakdown the soil structure and simultaneously mix cement grout 

with the in-situ soil.

DSM and grouting techniques are typically constructed through a design-build contract and 

specific design recommendations will depend on the methods and equipment used by the 

specialty contractors. If liquefaction mitigation would be considered, AGS can provide further

recommendations upon request.

3.6 SEISMIC SETTLEMENT IN DRY SAND

Loose, unsaturated sandy soils tend to compress and settle during strong ground shaking from a 

major earthquake (called “seismic settlement in dry sand”). For analysis based on SPT data, we 

used the Tokimatsu and Seed (1987) method to estimate the seismic settlement in dry sand.  For 

analysis based on CPT data, we used the Robertson and Shao (2010) method. In both cases, we 

applied the correction factor for multidirectional shaking as recommended by Pyke et al. (1975) 

and the limiting volumetric strain as recommended by Ishihara and Yoshimine (1992) as well as 

Idriss and Boulanger (2008) and Boulanger and Idriss (2014).

Table 10 shows the estimated seismic settlement in dry sand based on the results of our analyses.  

It is our opinion that, from a geotechnical engineering standpoint, the impact of the estimated 

seismic settlement in dry sand on the LMT down below will be low. The strengthened soil cover

of the ultimate backslope (consisting of in-situ soil-cement mix or CLSM) may crack locally.

However, the surface of the future slope (called “graded dune bluff”) is expected to be covered 

with minimum 4 feet of sand (including the SFPUC’s beach replenishment program to restore lost 
sand on a seasonal basis) and, if that is the case, pedestrian tripping hazards would not be a 

concern. The settlement may impact the access road and multi-use trail. Repair of the access 

road and multi-use trail, such as surface re-grading, may be needed after a major earthquake.
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TABLE 10
ESTIMATED SEISMIC SETTLEMENT IN DRY SAND

Reach Boring or CPT 
Estimated Seismic 
Settlement in Dry 

Sand
Remarks

    (inches) 

North

B-1 6.3 

AGS 1989 B-6 8.6

CPT-1 2.8 170 feet north of 
LMT

CPT-2 4.5 at north parking lot 

EQR

B-2 2.8 

CPT-3 1.1 

SCPT-3 0.7 

CPT-4 1.8 

CPT-5 3.9 80 feet east of LMT 

Rubble 

B-3 3.0 

B-4 1.6 

AGS 1989 B-5 1.4 

CPT-6 3.0 80 feet east of LMT 

CPT-7 1.7 

CPT-8 0.1 

CPT-9 0.1 

Bluff 
B-5 1.6 

CPT-10 0.4 

South 

B-6 0.5 

AGS 2010 R1-B3 1.3 

AGS 2010 R1-C2 3.8 

CPT-11 2.1 

CPT-12 0.4 

CPT-13 5.6 beyond project 
alignment 
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3.7 CONSTRUCTION SEQUENCING CONSIDERATIONS

We understand that the following two construction sequencing alternatives are under 

considerations:

Alternative A: Construct the Strengthened Soil Cover by In-situ Soil Cement Mix

1. Install the primary unreinforced and secondary reinforced concrete piles of the secant pile 

wall by drilling from the existing ground surface;

2. Perform soil improvement (by deep soil mixing or jet grouting from the existing ground 

surface) for the upper 4 feet of soil cover for the ultimate backslope behind the secant pile 

wall by in-situ soil-cement mix;

3. Similarly, perform soil improvement (from the existing ground surface) for soils above the 

ultimate backslope to allow for reduced effort when excavating the grade beam;  

4. Excavate down to the bottom of grade beam elevation with open cut excavations (with 

dewatering where necessary) on both sides of the secant pile wall;

5. Construct the grade beam;

6. Install tiebacks after the grade beam has reached sufficient strength; and

7. Backfill the excavations with properly compacted engineered fill.

Alternative B:  Construct the Strengthened Soil Cover by Controlled Low Strength Material 

(CLSM)

1. Install the primary unreinforced and secondary reinforced concrete piles of the secant pile 

wall by drilling from the existing ground surface;

2. Excavate down to the bottom of grade beam elevation with open cut excavations (with 

dewatering where necessary) on both sides of the secant pile wall;

3. Construct the grade beam;

4. Install tiebacks after the grade beam has reached sufficient strength;

5. Construct the upper 4 feet of soil cover for the ultimate backslope with CLSM, which 

consists of a fluid, workable mixture of cement, aggregate and water (to be placed in 

sections with terraced wooden forms); and

6. Backfill the excavations with properly compacted engineered fill.
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From a geotechnical engineering standpoint, some considerations that may influence the 

selection of construction sequencing are presented below.

TABLE 11
SEQUENCING ALTERNATIVES

Alternatives Advantages Limitations 

Improve soil cover of ultimate 
backslope 

by in-situ soil-cement mixing 

(Alternative A) 

 Landward side open cut slope 
steeper than 1½H:1V possible, 
if soils above the ultimate 
backslope also to be improved.  
Otherwise, condition of open 
cut slope no steeper than 
1½H:1V will remain.

 Relatively high cost of cement 
deep in-situ soil-cement mixing 

 Difficult to QA/QC 

 Could result in uneven finished 
surface of the backslope that 
may be undesirable for the 
ultimate condition 

Construct soil cover of ultimate 
backslope 

with controlled low strength 
material  

(Alternative B) 

 Relatively low cost of CLSM

 Reliable QA/QC 

 Relatively homogeneous 
product 

 Flat landward side open cut 
slope affecting existing roadway 

 Requires CLSM placement in 
sections with terraced wooden 
forms 

3.8 SECANT PILE WALL

As noted above, the upper 4 feet of soil cover for the ultimate backslope will be strengthened (by 

either in-situ soil-cement mix or CLSM) to provide resistance to wave run-up over the top of the 

wall.  If the strengthened soil cover would be constructed as a continuous, impervious blanket 

running longitudinally along the entire length of the secant pile wall, it could potentially act as a 

barrier to groundwater flow and may cause the groundwater level behind the wall to rise above 

the design groundwater level.  Therefore, adequate drainage should be provided behind the grade 
beam such as installation of a subdrain system discharging to a suitable free-drainage outlet. The 

discharge system should be designed properly to avoid causing any slope instability.

The subdrain should consist of a vertical layer of Class 2 permeable material and a 4-inch 

diameter perforated PVC pipe (SDR 35).  The vertical layer of permeable material should be at 

least 12 inches thick and should be placed from the bottom of the grade beam to about 1 foot 

below the finished grade behind the grade beam (and no obstruction of water flow by the

strengthened soil placed behind). Alternatively, the Class 2 permeable material may be replaced 

by a gravel layer wrapped in a suitable geotextile fabric to reduce the potential for fines migration.  
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The perforated pipe should be placed near the bottom of the grade beam to carry collected water 

to a suitable gravity discharge. The discharge system should be designed properly to avoid 

causing any slope instability in front of the secant pile wall.

Tiebacks will be installed at the grade beam, extending back into the landward side beneath the 

LMT with a minimum clearance of 5 feet.  The geotechnical recommendations for tiebacks are 

presented in section 3.12.

Based on a review of the existing data and the subsurface conditions encountered in AGS’ field 

exploration for this geotechnical investigation, caving and seepage in sandy soils should be 

expected during drilling of the pile holes. Casing (preferably rotated down with the drilling 

equipment) or use of slurry displacement method may be required to maintain an open pile hole 

for installation of reinforcing steel and placement of concrete.  Concrete will be required to be 

placed by tremie method to displace the water out of the pile holes.

It is important to confirm that the drilled piles installed are structurally sound and do not contain 
significant defects. Therefore, post-construction integrity testing (such as crosshole sonic logging 

or gamma-gamma) should be performed to evaluate the quality of the completed drilled piles.  In 

general, sonic logging is most suited for integrity evaluation of drilled hole with steel cage. The 

procedure consists of vertical access tubes (steel or PVC pipe) installed in the drilled piles before 

placing the concrete. Once the drilled piles are completed, a compression wave source is lowered 

down one tube and a receiver down another while taking readings of the wave propagation 

through the drilled piles. Voids, if present, will show up as anomalies in the wave propagation 

pattern.  Similarly, gamma-gamma testing ensures sufficient concrete cover over steel cage or 

steel beam.  The testing utilizes an electric winch to pull a 4-foot probe with the radioactive source 
at the end, up through PVC pipes installed in the concrete.  As the probe moves up through the 

tubes, it reads average concrete densities at set intervals. These intervals are then plotted and 

analyzed for average bulk density versus pile depth. Deviations in average bulk density are used 

to identify pile anomalies or defects and to assess pile/concrete quality. 

3.8.1 Vertical Capacities

Vertical downward and uplift capacities of the secant pile wall were estimated using the 
methodology which originally was developed by O’Neill and Reese (1999) and presented in 

FHWA Geotechnical Engineering Circular (GEC) No.8 (2007) For Design and Construction of 

Continuous Flight Auger Piles.
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The drilled piles for the secant pile wall should be designed such that the vertical, horizontal or 

rotational loads are within the design and operational limits.  In addition to the weight of the wall, 
grade beam and backfill placed above, the vertical loads on the drilled piles should also include 

the downdrag load from the tiebacks. For vertical compression (downward) loads, the 3-foot 

diameter piles drilled to minimum depths of 60 feet should have the following minimum allowable 

end bearing capacities for dead plus live loads:

Primary Pile Axial Downward Resistance = 30 kip

Secondary Pile Axial Downward Resistance = 75 kip

For vertical compression (downward) loads, the drilled piles should be designed for an allowable 
downward skin friction of 500 pounds per square foot (psf) in dense soils for dead plus live loads

in addition to the end-bearing capacities indicated above.  Both end bearing capacities and skin 

friction values include a factor of safety of 2 and may be increased by 1/3 to include wind and 

seismic loads. Uplift resistance may be calculated to be 75 percent of the skin friction in 

compression. The drilled piles should extend to a depth below the potentially liquefiable zones 

with zero skin friction in the liquefiable soils and account for liquefaction-induced downdrag force 

of 20 tons.

3.8.2 Lateral Earth Pressures

Lateral earth pressures on the secant pile wall with tiebacks are based on apparent earth pressure 

diagrams (trapezoidal or rectangular pressure distribution) using the methods recommended in 

American Association of State Highways and Transportation Officials (AASHTO) Design 

Specifications (2012), California Department of Transportation (Caltrans) Memo To Designers 

(MTD) 5-12 (2012) and Federal Highway Administration (FHWA) Geotechnical Engineering 

Circular (GEC) No.4 (1999) for design of anchored walls.  For design of the secant pile wall, lateral 

earth pressures were developed using the soil properties presented in Table 12 and seismic 
parameters presented in Table 7 for both 975- and 72-year return periods.  The secant pile wall 

was designed to resist lateral earth pressures based on the ultimate retaining conditions (when 

the bluff in front of the wall has resulted loss of soils to a beach level of Elevation +2 feet for short 

term and +10 feet for long-term). In addition to the lateral earth pressure and hydrostatic water 

pressure for the static condition, seismic lateral earth pressures, hydrodynamic pressure, and 
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liquefaction-induced pore water pressure were included in the design of the secant pile wall for 

seismic condition.  The additional seismic lateral earth pressure increments were obtained in

accordance with the 2014 SFPUC GSR guideline.

According to Section 7 of the 2014 SFPUC GSR, hydrodynamic water pressure was also 

considered using the method recommended in Ebeling et al. “The Seismic Design of Waterfront 

Retaining Structures” (1992). 

Where the soils behind the secant pile wall liquefy during a major earthquake, the lateral earth 

pressures exerted on the wall will be momentarily increased due to liquefaction-induced excess 

pore water pressure.  For those soils that will be subjected to liquefaction behind the wall, the 

liquefaction-induced pore water pressures were calculated and added to the design.  The 

liquefaction-induced pore water pressures and the seismically-induced lateral earth pressures 
discussed above are two different scenarios that will not occur simultaneously.  The secant pile 

wall design should be checked against both loading scenarios to see which loading scenario is 

more critical. 

When vertical surcharge loads were anticipated within the zone above an imaginary 45-degree 

line projected up from the long-term exposed bottom of secant pile wall (Elevation -10 feet), the 

additional lateral earth pressures from the surcharge should be included in the secant pile wall 

design.

Additionally, we assumed that 3 to 4 feet of soil will deposit above the strengthen zone above the 

tunnel and behind the proposed secant wall for both short (72-year) and long-term (975-year) 

conditions, respectively.

Lateral earth pressures for design of the secant pile wall are presented on Plates 8A – 8L. The 

lateral earth pressures for design are presented in a general case manner for each reach, so that 

liquefaction-induced lateral pressure and dynamic earth pressure, liquefaction-induced lateral 

pressure and hydrodynamic force, liquefaction-induced lateral pressure and hydrostatic force 

should not be taken into account at the same time. Liquefaction-induced lateral pressure is only 

the excess pore water pressure since the liquefaction-induced lateral deformation only occurs 

higher than the elevation of the top of retaining wall.
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TABLE 12
SOIL PROPERTIES FOR LATERAL EARTH PRESSURES

Reach1
Design 

Groundwater 
Elevation 

Layer
Top of 
Layer 

Elevation,
NAVD88

Total Unit 
Weight 

Friction 
Angle Cohesion

(STA) (feet) (feet) (pcf) (degree) (psf)

North

(13+55)
+16

Fill +31 120 33 0 

Dune Sand +11 120 34 0

Colma Formation +1 125 36 0 

Merced Formation -19 125 27 300

EQR

(22+30) 
+16

Fill +30 120 33 0 

Dune Sand +17 120 34 0 

Colma Formation +6 125 36 0 

Merced Formation -19 125 27 300

Rubble

(27+40)
+16

Fill +28.5 120 33 0 

Dune Sand +15.5 120 34 0 

Colma Formation +11.5 125 36 0 

Merced Formation -6.5 125 27 300

Bluff 

(35+05) 
+18

Fill +37 120 33 0 

Dune Sand +27 120 34 0 

Colma Formation +17 125 36 0 

Merced Formation -28 125 27 300

South 

(41+90) 
+19

Fill +56 120 33 0 

Dune Sand +28 120 34 0 

Colma Formation +18 125 36 0 

Merced Formation -4 125 27 300
1) Reaches are presented in Table 1.

According to Section 7 of the 2014 SFPUC GSR, retaining walls should be designed for 

appropriate static and seismic soil pressure depending on the restraining conditions of the wall. 

For yielding walls, active soil pressure may be used for design. For non-yielding walls, at-rest 

pressure may be used for design. Since tieback is considered in the proposed secant retaining 

wall, apparent earth pressure should be used in the upper portion of the secant retaining wall. 

The methods recommended in National Cooperative Highway Research Program, Report 611 

(2008), American Association of State Highways and Transportation Officials (AASHTO) Design 
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Specifications (2012), California Department of Transportation (Caltrans) Memo To Designers 

(MTD) 5-12 (2012) and Federal Highway Administration (FHWA) Geotechnical Engineering 

Circular (GEC) No.4 (1999) for design of anchored walls were used in developing lateral earth 
pressure diagrams for different reaches of the proposed retaining wall. 

Based on the current concept plans, the tiebacks are being proposed to be installed at an 

inclination of up to approximately 45 degrees below the horizontal.

3.9 SOIL SPRING RECOMMENDATIONS

Structural analysis of the wall for stability, required toe depth, pile forces, cap forces and soil 

anchor forces are determined from two dimensional models of sections representative of the five 

reaches described in Table 12. We understand that the proposed secant wall is being analyzed 

using the following two approaches as described below.

3.9.1 Limit Equilibrium Analysis

Limit equilibrium is an analysis method where limit state conditions are assumed. For earth 
retaining structures this usually means that earth pressures are assumed on both the retained 

and excavated sides. The wall height will be determined by balancing applied loads, active soil 

pressure, passive soil pressure and tieback loads. In this approach the soil structure interaction 

is not properly captured. However, it provides moments and forces on the wall. During the 

screening process to determine critical sections, the designer used limit equilibrium analyses and 

AGS provide geotechnical input parameters.

3.9.2 Simplified p-y Spring Analyses

After the limit-equilibrium analyses are completed, a simplified p-y spring model was developed. 

AGS provided p-y data for the models. The p-y data are presented in graphical form in Appendix 

B. Methodology which originally was developed by O’Neill and Reese (1999) and presented in 

FHWA Geotechnical Engineering Circular (GEC) No. 8 (2007) was used in developing the soil 

reaction (p) resisting force per unit length along the pile as a nonlinear function of (y) lateral 

deflection under static and cyclic loadings. 
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This model uses p-y springs only applied to the wall below the beach elevation. These springs 

are defined as compression only springs that only capture the passive response of the soil. Active 

soil pressures were not modelled using springs, rather an externally applied active soil pressures 
(as determined from classic earth pressure theories) were applied to the bulkhead wall. 

Additional pressures (such as hydrostatic, hydrodynamic, and seismic incremental active 

pressures) were applied as distributed forces on the wall. The tieback/anchor was modelled as a 

linear elastic spring with a stiffness equal to the tieback system. 

For passive resistance of the drilled piles, only Dune sand, Colma Formation and Merced 

Formation were considered below beach level. The soil springs for design of the secant pile wall 

are presented in Appendix B.

3.10 PEDESTRIAN PATH RETAINING WALL

We understand that a retaining wall will be constructed along the proposed pedestrian path

between approximately Stations 40+00 and 42+50. The proposed retaining wall may be founded 

on continuous shallow foundation. We anticipate that the foundation of the proposed pedestrian 

retaining wall will be on engineered fill. Therefore, we recommend that the footing be embedded 

at least 24 inches below the finished grade. The retaining wall should either be constructed behind 

the 3H:1V slope from the secant wall or embedded deep enough to be below the 3H:1V line. The 

proposed pedestrian path retaining wall should be designed for maximum allowable bearing 

capacity of 3,000 psf for dead plus live load with minimum 3 feet width. This value may be 

increased by one third for all loads including wind and seismic.

We estimate that the maximum settlement of the proposed pedestrian retaining wall constructed

in accordance with our recommendation to be ¾ inch with maximum deferential settlement of ½

inch along 50 lineal feet. Due to granular nature of the bearing layer, we anticipate that the majority 

of the settlement will occur during construction stage. 

The proposed pedestrian retaining walls should be designed to resist lateral pressures exerted 

from a material having an equivalent fluid weight as follows:
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Active Condition = 35 pcf for horizontal backslope

At-rest Condition = 50 pcf

Passive Condition = 300 pcf
Coefficient of Friction = 0.30

For a non-horizontal backslope, the active condition for equivalent fluid weight should be

increased by 1.5 pcf for each 2 degree rise in slope from the horizontal. For a non-horizontal 

frontslope, the passive condition for equivalent fluid weight should be decreased by 10 pcf for 

each 2 degree fall in slope from the horizontal.

Active conditions occur when the top of a retaining wall is free to move outward.  At-rest conditions 

apply when the top of wall is restrained from any movement.  It should be noted that the effects 

of any surcharge and/or compaction loads behind the walls must be accounted for in the design 
of the walls.

The above criteria are based on fully drained conditions. If drained conditions are not possible, 

then hydrostatic pressure must be included in the design of the wall.  In this case, an additional 

lateral fluid pressure of 63 pcf must be included

In order to achieve fully-drained conditions, a drainage filter blanket should be placed behind the 

wall.  The blanket should be a minimum of 12 inches thick and should extend the full height of the 

wall to within 12 inches of the surface.  If the excavated area behind the wall exceeds 12 inches, 
the entire excavated space behind the 12-inch blanket should consist of compacted engineered 

fill or blanket material.  The drainage blanket material may consist of either granular crushed rock 

and drain pipe fully encapsulated in geotextile filter fabric or Class-II permeable material that 

meets CalTrans Specification, Section 68, with drainage pipe but without fabric.  A 4-inch 

perforated drain pipe should be installed in the bottom of the drainage blanket and should be 

underlain by at least 4 inches of filter type material.  

As an alternate to the 12-inch drainage blanket, a pre-fabricated strip drain (such as Miradrain) 

may be used between the wall and retained soil.  In this case, the wall must be designed to resist 

an additional lateral hydrostatic pressure of 30 pcf.
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If the pedestrian retaining wall is higher than 6 feet, as measured from the top of the footing, the 

retaining wall should be designed to resist lateral pressure induced by earthquakes. We 

recommend that an additional rectangular uniform distribution pressure equal to 24H in psf for 
level backfill, where H is the height of wall in feet to be considered in this case. Details of the 

retaining wall and adjacent grades (backslope or front slope) was not available to us during 

preparation of this report, If the backfill slope is not horizontal, we will provide supplemental 

recommendations for dynamic earth pressure. The above dynamic earth pressure does not 

include importance factor.

Piping with adequate gradient shall be provided to discharge water that collects behind the walls

to an adequately controlled discharge system away from the structure's foundations.

3.11 BUOYANCY RESISTANCE

Based on our review of the 2015 Ocean Beach Master Plan Coastal Management Framework 

(CMF), we understand that Jacobs Associates (McMillan, Jacobs Associates, MJA) performed 

numerical modeling studies to assess the vulnerability of the LMT to bluff retreat and loss of 
existing overburden.  The results of their numerical modeling studies were presented in a report 

(dated September 23, 2014) incorporated as Appendix 4 of the 2015 CMF. AGS performed 

numerical modeling for both static and dynamic conditions. The results of our numerical analyses 

are presented in Appendix C. MJA is performing static and pseudo-static numerical analyses for 

this project.

3.12 TIEBACKS

3.12.1 Design Criteria

Due to the long-term exposed height of the secant pile wall ranging from approximately 16 to 19 

feet with backslope of 3H:1V, tiebacks will be installed to provide the necessary lateral support.  

The subsurface conditions at the site, generally consisting of sandy soils below groundwater, are 

likely to be susceptible to caving.  The drilling method selected to install tiebacks at various 

locations should consider the potential for caving.   Where caving is anticipated to occur, drilling 

fluids or casing should be used to stabilize the drill hole.
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Based on the current concept plans, the tiebacks are being proposed to be installed between 35 

to 45 degrees from horizontal.  It is understood that this relatively steep angle of installation is to 

meet the required clearance with the LMT and to keep the construction work within the project 
limits. Tiebacks are typically installed at an inclination between 15 and 30 degrees below the 

horizontal and inclination up to 45 degrees below the horizontal can generally be installed by most 

contractors. If possible, consideration should be given to moving the secant pile wall further 

seaward (perhaps by approximately 5 feet).  This will allow easier installation of tiebacks at the 

more common 45 degrees (or less) to attract more qualified contractors and to increase in tieback 

efficiencies (with larger horizontal component of tieback load).

For preliminary design purposes, an allowable soil/grout bond strength of 2,700 psf (beyond the 

active zone defined by a plane sloping up at 60 degrees with the horizontal and from a point H/5 

away from the Elevation +2 feet, where H is the long-term exposed height of the wall) may be 
considered.  This preliminary allowable soil/grout bond strength includes a factor of safety of 2.  

This value may be increased after performing a pilot test program. It should be noted that the 

bond strength of tiebacks will depend on the construction method used by the contractors.  The 

project specifications should allow for modification of the bond strength based on values that are 

demonstrated from field verification testing.

The potential impact of high grouting pressure in close proximity to the LMT should be considered.  

The following are some options that may be utilized to address this concern:

moving the secant pile wall further away from the LMT (if possible);

extending the length of the unbonded zone of the anchor to a point beyond the potential 

impact zone of the LMT; and

limiting the grout pressure at a safe level where it is closest to the LMT.

The tiebacks should be designed for a marine environment anticipated in the long-term condition.  

Double corrosion protection will be required with factory pre-grouted encapsulation of the bar 

within a corrugated plastic sheath.  Also, the tieback system should be re-stressable, if needed, 

when the top of the secant pile wall is exposed in the future. 
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3.12.2 Testing and Acceptance Criteria

It is recommended that at least two sacrificial tiebacks (at each reach) be selected for verification 

testing to verify the bond strength used in the design.  All production tiebacks should be proof-

tested to at least 1.5 times the design load.  The verification and proof testing should be performed 

under the observation of the project geotechnical engineer.

3.12.3 Tieback-induced Downdrag Forces

As noted above, in addition to the weight of the wall, grade beam and backfill placed above, the 
vertical loads on the drilled piles should also include the downdrag force from the tiebacks.  The 

downdrag force from the tiebacks is essentially the vertical component of the tieback load.  

Therefore, by increasing the inclination of the tiebacks, the vertical component of the tieback load 

also increases, thus increasing the vertical load on the secant pile wall and the underlying 

foundation material.  The downdrag force on the secant pile wall from tiebacks can be estimated 

from the equation: F x sin α, where F is the design load in the tieback and α is the inclination of 

the tieback below horizontal.  

3.13 CONTROLLED LOW STRENGTH MATERIAL (CLSM)

The use of CLSM may be considered to improve the upper 4 feet of soil cover for the ultimate 

backslope.  The requirements of CLSM should include the following:

1. The in-situ density should be no more than 130 pcf;

2. If the CLSM needs to be easily excavatable in the future, the 28-day unconfined 

compressive strength should be no less than 50 pounds per square inch (psi) and not 

more than 150 psi;

3. If the CLSM does not need to be easily excavatable in the future, the 28-day unconfined 

compressive strength should also be no less than 50 psi but can be higher than 150 psi; 
4. The physiochemical properties should not be harmful to the LMT; and

5. The slump should be less than 12 inches but not less than 6 inches.  

3.14 EARTHWORK

3.14.1 Site Preparation

The work limits should be properly marked and traffic controlled in accordance with City and 

County of San Francisco requirements, and then cleared of any obstructions, including 

pavements and any debris hindering work. Vegetation and landscaping (if any) in the construction 
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areas should be stripped and disposed of outside the construction limits.  Safety fencing should 

be installed in accordance with OSHA, and all other applicable requirements, including warning 

fencing placed near the edge of deep open excavations and silt fencing or other environmental 
protective fencing required by environmental compliance manager.  Affected structures, 

equipment, and debris should be abandoned, disassembled, or demolished and disposed of 

outside the construction limits.  Based on review of the LMT as-built plans, there is an existing 

Army Bunker with invert at approximately Elevation +23½ feet near the south end of the secant 

pile wall (approximately Station 42+00).  It is anticipated that the secant pile wall will have to either 

locate away from the existing Army Bunker or bridge over it.  Likewise, the secant pile wall will 

also have to be designed to bridge over the existing 12-foot by 12-foot SWOO structure at 

approximately Station 36+50. 

Existing underground utilities located within the project alignment, if affected by construction 
activities, should be relocated or protective measures taken prior to construction.  All debris 

generated from the demolition of underground utilities, including abandoned pipes, should be 

removed from the site as construction proceeds.  

During excavation, any observed soft or loose zones should be compacted in-place or excavated 

and replaced with properly compacted backfill. Upon completion of excavation, backfill may be 

placed in accordance with the recommendations presented below.

3.14.2 Excavation Characteristics

The Contractor should review the available data, in order to independently evaluate the type of 

equipment required to complete the proposed excavations to the required depths. Based on 

review of the existing data and the subsurface conditions encountered in the field exploration for 

this study, it appears that conventional earth moving equipment may be used to remove most of 

the on-site soils. Existing underground utilities or other structures may require jackhammering or 

hoe-ramming to remove.

3.14.3 Unshored Excavations

During construction, the contractor must maintain safe and stable slopes and provide shoring as 

necessary. All cuts deeper than 4 feet must be sloped or shored in accordance with the current 

requirements of OSHA and Cal-OSHA. Shallow excavations above the groundwater level may be 
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sloped if space permits. Soils at the site appear to generally be OSHA Class C soils, and may be 

sloped no steeper than 1.5H:1V. Sloping of excavations should conform to OSHA requirements, 

and should be monitored by the contractor to verify stability to ensure worker safety.

Heavy construction equipment, building materials, and excavated soils should be kept away from 

the edge of the excavation at least a distance equal to, or greater than, the depth of the 

excavation.

During wet weather, runoff water should be prevented from entering excavations, and collected 

and disposed of outside the construction limits. To prevent runoff from entering the excavation, a 

perimeter berm may be constructed at the top of the slope. In addition, it is recommended that 

the sidewalls of the excavation be covered by plastic sheets to prevent saturation of the earth 

material.

3.14.4 Fills and Backfills

Fills and backfills may be placed under and around the grade beam of the secant pile wall, utility

trenches, and pavement during construction of this project. 

Fills and backfills may either be structural or nonstructural. Structural fills and backfills are those 

defined as providing support to foundations, and pavements. Nonstructural fills and backfills 
include all other fills such as those placed for landscaping, and not planned for future structural 

loads. Structural fills and backfills should be compacted to at least 95 percent relative compaction 

(as determined by ASTM D1557-12); nonstructural fills and backfills should be compacted to at 

least 90 percent relative compaction.

Due to the concern of potential damage that may be caused by compaction of fill and backfill to 

the existing LMT, the use of heavy compaction equipment directly above the LMT should be 

avoided.  In those areas, the addition of a layer of geotextile (such as Mirafi 600x or approved 

equivalent) placed underneath the CLSM (if used as the upper 4 feet soil cover for the ultimate 

3H:1V backslope) could be considered. 

All structural fills and backfills should be granular fills with no pieces larger than 3 inches in any 

dimension, no more than 20 percent passing the No. 200 sieve, a Liquid Limit of 35 or less, a 

Plasticity Index of 12 or less, and should be placed in 8-inch lifts, moisture-conditioned to near-
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optimum moisture, and compacted to 95 percent relative compaction (as determined by ASTM 

D1557-12). Non-structural fills should meet the same requirements, but should be compacted to 

at least 90 percent relative compaction.

Samples of imported fill and backfill materials should be submitted to the project geotechnical 

engineer prior to use for testing to establish that they meet the above criteria.

The existing on-site soils are generally suitable from a geotechnical perspective for use as 

engineered fill, provided they are free of debris, hazardous materials and other deleterious matter.

The fill and backfill materials should be placed and compacted under the full time observation and 

testing of the project geotechnical engineer.

3.15 DEWATERING AND GROUNDWATER CONSIDERATIONS DURING 
CONSTRUCTION

Groundwater levels at the site will fluctuate due to rain and other factors. As discussed above, 
groundwater levels at Elevation +16 feet (for the North, EQR and Rubble Reaches), Elevation 

+18 feet (for the Bluff Reach) and Elevation +19 feet (for the South Reach) are recommended for 

preliminary conceptual design purposes.  Therefore, excavations for construction of the grade 

beam and installation of tiebacks for the secant pile wall may extend below the groundwater level.

The contractor should make an independent evaluation of the groundwater levels at the site, and 

be responsible for providing an adequate dewatering system during construction.  During 

excavation for construction, it is recommended that the water level be maintained at least two feet 

below the bottom of the excavation until construction is complete, and until the weight of the 

constructed structure (or installed utilities) is sufficient to resist buoyancy. Selection of the 
equipment and methods of dewatering should be left up to the contractor, and the contractor 

should be aware that modifications to the dewatering system may be required during construction, 

depending on conditions encountered. 

The hydraulic conductivities of the subsurface materials vary in response to the heterogeneous, 

anisotropic media.  Within the proposed excavation depths for construction of the secant pile wall 

(including construction of grade beam and installation of tiebacks), granular soils were generally 
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encountered. Granular soils encountered in AGS’ borings generally consist of poorly graded sand 

with silt, silty sand, and clayey sand with hydraulic conductivities probably in the range of 1x10-1

to 1x10-3 cm/s.

Water collected during dewatering should be tested for contamination prior to its disposal. 

Because the potential for contamination of groundwater was not explored in this study, 

recommendations are not given herein for proper disposal of collected water.

3.16 FLEXIBLE PAVEMENT

For the new SFPUC access road, the new asphalt concrete pavement should be designed based 

on the Caltrans Flexible Pavement Design Method with an assumed R-Value of 15 and Traffic 

Index (TI) as determined by the project civil engineer. Table 13 presents the Caltrans 

recommended sections.

TABLE 13
GEOTECHNICAL RECOMMENDATIONS FOR FLEXIBLE PAVEMENT SECTIONS

TI AC Thickness 

(in) 

AB Thickness 

(in) 

4.5 2.5 8 

5 3 8 

5.5 3.5 9 

6 3.5 10.5 

6.5 4 11.5 

7 4 13
Notes:  

Caltrans Highway Design Manual, Chapter 630 (2020):

AC = Gravel Equivalent for Pavement Section; 

AB = Aggregate Base (Min.R-Value = 78); 

The uppermost 12 inches of all pavement subgrade soils should be moisture conditioned to near 

optimum moisture content and compacted to at least 95 percent relative compaction (as 

determined by ASTM D1557-12) to provide a smooth, unyielding surface.  All fill and backfill 

materials should be placed in lifts not exceeding approximately 8 inches in loose thickness.  If 
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zones of soft or saturated soils deeper than 12 inches are encountered during excavation and 

compaction, deeper excavations may be required to expose firm soils.  This should be determined 

in the field by the project geotechnical engineer.

Class 2 aggregate base should be placed in thin lifts in a manner to prevent segregation; uniformly 

moisture conditioned; and compacted to at least 95 percent relative compaction to provide a 

smooth, unyielding surface.

The performance of pavements will be dependent upon a number of factors, including subgrade 

conditions at the time of paving, runoff, and loading.  Runoff should not be allowed to seep below 

pavements from adjacent areas.  Proper drainage below the pavement section helps prevent 

softening of the subgrade and has a significant impact on pavement performance and pavement 

life.  Periodic maintenance should be performed throughout the life of the proposed pavements 
including periodic seal coats and crack maintenance/sealing.

Should import material be used to establish the proper grading for the new pavement, the import 

material should be approved by the project geotechnical engineer before it is brought to the site.  

The select import material should meet the following requirements:

Have an R-value of not less than 30;

Have a Plasticity Index not higher than 10;

Not more than 15 percent passing the No. 200 sieve;

No rocks larger than 3 inches in maximum size;

Have a pH of 6.5 to 7.5;

Have a minimum resistivity of 5000 ohms/cm; and

Have a maximum soluble sulfate content of 0.2 percent by weight.
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4.0 CLOSURE

This report has been prepared in accordance with generally accepted professional geotechnical 
engineering practice for the exclusive use of SFPUC for the proposed South Ocean Beach 

Coastal Erosion and Wastewater Infrastructure Protection Project in San Francisco, California.

No other warranty, express or implied, is made.

The geotechnical findings and recommendations presented in this report are based on the data 

obtained from the borings and CPTs performed for this study, and other geotechnical information 

previously obtained by others in the project area. The nature and extent of variations between the 

borings and CPTs may not become evident until construction. In the event variations appear, it 

may be necessary to reevaluate the findings and recommendations presented herein.

The information in this report is primarily intended for use by design engineers. It is the 

responsibility of the owner or its representative to ensure that the applicable provisions contained 
herein are incorporated into the plans and specifications and that the necessary steps are taken 

to see that the contractor carry out such provisions in the field.

The use of this report or its contents requires prior consent of AGS.  In addition, the use of any 

information contained in this report for purposes other than those expressly stated is at the user’s 

own risk.

Respectfully submitted,

AGS, Inc.

Kamran Ghiassi, Ph.D. 

Geotechnical Engineer 2792 

Bahram Khamenehpour, Ph.D. 

Geotechnical Engineer 2104 

Exhibit 8 
2-21-0912 

Page 55 of 367



Geotechnical Interpretive Report 51 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

5.0 REFERENCES

Abrahamson, N. A., Silva, W. J., & Kamai, R., 2014, Summary of the ASK14 ground motion 
relation for active crustal regions. Earthquake Spectra, 30(3), 1025-1055.

Abrahamson, Silva, and Kumai (2014), Boore, Stewart, Sayhan, and Atkinson (2014), Campbell 
and Bozorgnia (2014), Chiou and Youngs (2014), and Idriss (2014)

AGS, Inc., 1989, Geotechnical Data Report - Lake Merced Transport, San Francisco.

AGS, Inc. 2010, Draft Geotechnical Study Report - Slope Stability Hazard Evaluation, Great 
Highway Stabilization, San Francisco, California.

AGS, Inc. 2020, Geotechnical Data Report - South Ocean Beach Coastal Erosion and 
Wastewater Infrastructure Protection, San Francisco, California, July 2020.

AGS, Inc. 2021a, Revised Draft Supplemental Environmental Investigation Report, South Ocean 
Beach Coastal Erosion and Wastewater Infrastructure Protection, San Francisco, California, June 
2021.

AGS, Inc. 2021b, Technical Memorandum: FLAC3D Numerical Analyses, South Ocean Beach 
Coastal Erosion and Wastewater Infrastructure Protection, San Francisco, California, June 2021.

Barnard, P. (2017). Extreme Oceanographic Forcing and Coastal Response Due to the 2015-
2016 El Niño. Nature Communications 8, Article No. 14365.

Bonilla, M.G., 1998, Preliminary geologic map of the San Francisco South 7.5' quadrangle and 
part of the Hunters Point   7.5' quadrangle, San Francisco Bay area, California: a digital database: 
U.S. Geological Survey, Open-File Report OF-98-354, Scale 1:24000.

Boore, D. M., Stewart, J. P., Seyhan, E., & Atkinson, G. M., 2014, NGA-West2 equations for 
predicting PGA, PGV, and 5% damped PSA for shallow crustal earthquakes. Earthquake Spectra, 
30(3), 1057-1085.

Boulanger, R. W., & Idriss, I. M., 2014, CPT and SPT based liquefaction triggering procedures. 
Center for Geotechnical Modeling, Department of Civil & Environmental Engineering, College of 
Engineering, University of California at Davis Report No. UCD/CGM-14/01.

Brandenberg, S. J., Bellana, N., & Shantz, T. (2010). Shear wave velocity as function of standard 
penetration test resistance and vertical effective stress at California bridge sites. Soil Dynamics 
and Earthquake Engineering, 30(10), 1026-1035.

Bryant, W. A., & Hart, E. W. (2007). Fault-Rupture Hazard Zones in California: Alquist-Priolo 
Earthquake Fault Zoning Act with Index to Earthquake Fault Zones Maps. California Geological 
Survey Special Publication, 42, 41.

California Building Code, 2016, published by the International Conference of Building Officials.

Exhibit 8 
2-21-0912 

Page 56 of 367



Geotechnical Interpretive Report 52 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

California Geological Survey, 2007, Fault-rupture Hazard Zones in California: Alquist-Priolo 
Earthquake Fault Zoning Act with Index to Earthquake Fault Zone Maps; CGS Special Publication 
42.

California Geological Survey, Revised 2008, Guidelines for Evaluating and Mitigating Seismic 
Hazards in California; CGS Special Publication 117A.

Campbell, K. W., & Bozorgnia, Y. (2014). NGA-West2 ground motion model for the average 
horizontal components of PGA, PGV, and 5% damped linear acceleration response spectra. 
Earthquake Spectra, 30(3), 1087-1115.

Campbell, K. W., & Bozorgnia, Y. 2014. Campbell-Bozorgnia NGA-WEST2 Horizontal Ground 
Motion Model for Active Tectonic Domains, Proceedings of the 10th National Conference in 
Earthquake Engineering, Earthquake Engineering Research Institute.

CH2M Hill, 1996, Ocean Beach Coastal Erosion Protection – Initial Assessment, Final Technical 
Memorandum – Task 2, October 1.

Chiou, B. S. J., & Youngs, R. R. (2014). Update of the Chiou and Youngs NGA model for the 
average horizontal component of peak ground motion and response spectra. Earthquake Spectra, 
30(3), 1117-1153.

Clifton & Hunter, 1999.  Depositional and Other Features of the Merced Formation in Sea Cliff 
Exposures, South of San Francisco, California.

Ellsworth, W.L. 1990, Earthquake History, 1769-1989. Chapter 6 in The San Andreas Fault 
System, California: USGS Professional Paper 1515, p. 152-187.

Field, E. H., Arrowsmith, R. J., Biasi, G. P., Bird, P., Dawson, T. E., Felzer, K. R., ... & Michael, 
A. J. (2014). Uniform California earthquake rupture forecast, version 3 (UCERF3)—The time
independent model. Bulletin of the Seismological Society of America, 104(3), 1122-1180.

Field, E.H., T.H. Jordan, and C.A. Cornell (2003), OpenSHA: A Developing Community-Modeling 
Environment for Seismic Hazard Analysis, Seismological Research Letters, 74, no. 4, p. 406-419.

Geotechnical Consultants, Inc., 2016. Geotechnical Report, Westside Pump Station Reliability 
Improvements, San Francisco, California.

Hall, 1965.  Petrology of the Type Merced Group, San Francisco Peninsula, California, University 
of California, Berkeley.

Harding-Lawson Associates, 1976, Soil Investigation – Phase I, west Side Transport Project, San 
Francisco, California, Prepared for City and County of San Francisco, Department of Public 
Works.

Harding-Lawson Associates, 1981, Preliminary Geotechnical Investigation, Lake Merced 
Transport Project, San Francisco, California, prepared for City and County of San Francisco, 

Exhibit 8 
2-21-0912 

Page 57 of 367



Geotechnical Interpretive Report 53 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

Department of Public Works. 

Idriss, I. M. (2014). An NGA-West2 empirical model for estimating the horizontal spectral values 
generated by shallow crustal earthquakes. Earthquake Spectra, 30(3), 1155-1177.

Idriss, I.M., and Boulanger, R.W., 2008. Soil Liquefaction During Earthquakes, Earthquake 
Engineering Research Institute Monograph MNO-12.

Ishihara, K., and Yoshimine, M., 1992, Evaluation of settlements in sand deposits following 
liquefaction during earthquakes, in: Soils and Foundations, Vol. 32, No. 1, p 173-188.

Jennings, C.W., Revised 2008, Preliminary Fault Activity Map of California; CDMG Open- File 
Report 92-03.

Kennedy, 2002.  Neotectonic Character of the Serra Fault, San Francisco Peninsular, California, 
San Francisco State University.

McGuire, 2009.  Stratigraphic Investigation of the North Westside Basin of San Francisco and 
Northern San Mateo County.

Moffatt & Nichol, 1995, Sediment Transport Process Study Final Report, Ocean Beach, San 
Francisco, California.

Mononobe, N. and Matsuo M. (1929). “On the Determination of Earth Pressures during 
Earthquakes,” Proceedings, World Engineering Congress, Vol. 9, 179-187.

OpenSHA “Hazard Spectrum Application” version 1.4.0 (2016)

Parsons Brinckerhoff Quade & Douglas, Inc., 1990, Lake Merced Transport Tunnel Geotechnical 
Design Summary Report prepared for City and County of San Francisco.

Petersen, M. D. (2008). 2008 United States National Seismic Hazard Maps (No. 2008-3018). 
Geological Survey (US).

Petersen, M. D., Bryant, W. A., Cramer, C. H., Cao, T., and Reichle, M. S., 1996, Probabilistic 
Seismic Hazard Assessment for the State of California; CDMG Open-File Report 96-08; USGS 
Open-File Report 96-706.

Real, C. R., Toppozada, T. R., and Parke, D. L., 1978, Earthquake Epicenter Map of California; 
CDMG Map Sheet 39, Scale 1:1,000,000.

San Francisco Public Utilities Commission, 2014, General Seismic Requirements for Design of 
New Facilities and upgrade of Existing Facilities, Revision 3, June 2014.

Schlocker, Julius and Bonilla, M.G., 1972, Bedrock-surface map of the San Francisco North 
quadrangle, California, 1961, and Bedrock-surface map of the San Francisco South quadrangle,  
California, 1964: U.S. Geological Survey, Miscellaneous Field Studies Map MF-334, scale 
1:31680.

Exhibit 8 
2-21-0912 

Page 58 of 367



Geotechnical Interpretive Report 54 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

Shahi, S. K., & Baker, J. W. (2014). NGA-West2 models for ground motion directionality. 
Earthquake Spectra, 30(3), 1285-1300.

Treadwell & Rollo, 2002, Preliminary Engineering Study, Lake Merced Tunnel, The Great 
Highway, San Francisco, California, March 5.  

United States Army Corps of Engineers, 1992. Ocean Beach Storm Damage Reduction 
Reconnaissance Study, San Francisco District, California.

United States Army Corps of Engineers, 1996. Ocean Beach Storm Damage Reduction Feasibility 
Study, in Final Feasibility Study for the City and County of San Francisco, San Francisco District.

United States Geological Survey (Barnard, P.), 2005, Modern Processes at the Mouth of San 
Francisco Bay, ASBPA Filed Trip, October 1, 2005.

United States Geological Survey, M. (2006). Quaternary Fault and Fold Database of the United 
States. Brandenberg et al (2010)

Wair, B. R., DeJong, J. T., Shantz, T. (2012). Guidelines for Estimation of Shear Wave Velocity, 
Pacific Earthquake Engineering Research Center; Report No. PEER 2012/08; December 2008.

Wagner, N., & Sitar, N. (2016). On seismic response of stiff and flexible retaining structures. Soil 
Dynamics and Earthquake Engineering, 91, 284-293.

Woodward-Clyde, 1977. Geotechnical Engineering Evaluation – Southwest Ocean Outfall 
Project.

Woodward-Clyde, 1976 and 1978. Geotechnical Engineering – Southwest Water Pollution 
Project.

Woodward-Clyde, 1977. Review and Evaluation of Existing Data, Southwest Ocean Outfall 
Project, Woodward-Clyde Consultants.

Woodward-Clyde, 1977.  Preliminary Report, Offshore Geophysical Survey, Southwest Ocean 
Outfall Project, Woodward-Clyde Consultants.

Woodward-Clyde, 1977.  Onshore Seismic Refraction Survey, Southwest Ocean Outfall Project, 
Woodward-Clyde Consultants.

Yi, 2005.  Depositional and Deformational History of the Uppermost Merced and Colma 
Formations, Southwest San Francisco, San Francisco State University.

Youd, T. L., & Idriss, I. M. (2001). Liquefaction resistance of soils: summary report from the 1996 
NCEER and 1998 NCEER/NSF workshops on evaluation of liquefaction resistance of soils. 
Journal of geotechnical and geoenvironmental engineering, 127(4), 297-313.

Youd, T. L., Hansen, C. M., & Bartlett, S. F. (2002). Revised multilinear regression equations for 
prediction of lateral spread displacement. Journal of Geotechnical and Geoenvironmental 

Exhibit 8 
2-21-0912 

Page 59 of 367



Geotechnical Interpretive Report 55 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

Engineering, 128(12), 1007-1017.

Zhang, G., Robertson, P. K., & Brachman, R. W. I. (2004). Estimating liquefaction-induced lateral 
displacements using the standard penetration test or cone penetration test. Journal of 
Geotechnical and Geoenvironmental Engineering, 130(8), 861-871.

Exhibit 8 
2-21-0912 

Page 60 of 367



Geotechnical Interpretive Report July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

PLATES

Exhibit 8 
2-21-0912 

Page 61 of 367



Exhibit 8 
2-21-0912 

Page 62 of 367



Exhibit 8 
2-21-0912 

Page 63 of 367



Exhibit 8 
2-21-0912 

Page 64 of 367



Exhibit 8 
2-21-0912 

Page 65 of 367



(E) 14' Ø ID

(E) 14' Ø ID TUNNEL
BEGIN (E) 14' Ø ID TUNNEL

Exhibit 8 
2-21-0912 

Page 66 of 367



(E) 14' Ø ID

(E) 14' Ø ID TUNNEL

Exhibit 8 
2-21-0912 

Page 67 of 367



(E) 14' Ø ID

(E) 14' Ø ID TUNNEL

Exhibit 8 
2-21-0912 

Page 68 of 367



(E) 14' Ø ID

(E) 14' Ø ID TUNNEL

Exhibit 8 
2-21-0912 

Page 69 of 367



(E) 14' Ø ID

Exhibit 8 
2-21-0912 

Page 70 of 367



Exhibit 8 
2-21-0912 

Page 71 of 367



Exhibit 8 
2-21-0912 

Page 72 of 367



Project No.: AGS-18-003 Date: July 2021

OCEAN BEACH COASTAL EROSION AND 7
WASTEWATER INFRASTRUCTURE PROTECTION

SAN FRANCISCO, CALIFORNIA

DESIGN  ACCELERATION SPECTRUM
PLATE NO.

0.0

0.5

1.0

1.5

2.0

2.5

0 1 2 3 4 5

Sp
ec

tr
al

 A
cc

el
er

at
io

n 
 (g

)

Period  (sec)

Horizontal Spectral Accelerations
5% Damping

Exhibit 8 
2-21-0912 

Page 73 of 367



Exhibit 8 
2-21-0912 

Page 74 of 367



Exhibit 8 
2-21-0912 

Page 75 of 367



Exhibit 8 
2-21-0912 

Page 76 of 367



Exhibit 8 
2-21-0912 

Page 77 of 367



Exhibit 8 
2-21-0912 

Page 78 of 367



Exhibit 8 
2-21-0912 

Page 79 of 367



Exhibit 8 
2-21-0912 

Page 80 of 367



Exhibit 8 
2-21-0912 

Page 81 of 367



Exhibit 8 
2-21-0912 

Page 82 of 367



Exhibit 8 
2-21-0912 

Page 83 of 367



Exhibit 8 
2-21-0912 

Page 84 of 367



Exhibit 8 
2-21-0912 

Page 85 of 367



Geotechnical Interpretive Report A-1 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

APPENDIX A

LIQUEFACTION ANALYSIS
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A.1. GENERAL 

Soil liquefaction is a phenomenon in which saturated (submerged) cohesionless soils experience 

a temporary loss of strength due to the build-up of excess pore water pressure during cyclic 

seismic loadings. In the process, the soil acquires mobility sufficient to permit both horizontal and 
vertical movements. Soils most susceptible to liquefaction are loose, clean, saturated, and 

uniformly graded, fine-grained sands, which lie within about 50 feet of the ground surface. 

Saturated loose silty and clayey sands may also liquefy during strong ground shaking.

This appendix presents the results of our liquefaction potential evaluation for the proposed 

improvement discussed in the main text. The liquefaction potential evaluation was based on the 

requirements of Special Publication 117A (CGS, 2008), using blow counts from Standard 

Penetration Test (SPT) samplers, and corrected blow counts from other samplers, in the boring 

logs from the site vicinity. The blow counts shown on these logs were corrected for various factors, 

as discussed below, and used in the liquefaction analyses.

The design earthquakes evaluated were a Maximum Moment Magnitude event of Mw 8.05 on the 
San Andreas Fault. The San Andreas Fault is located about 2.6 km southwest of the site. Our 

evaluations were made using the liquefaction evaluation procedure developed by National Center 

for Earthquake Engineering Research (NCEER), 1996; Youd and Idriss 2001, and Idriss and 

Boulanger (2008) based on liquefaction observation in previous earthquakes.

A comprehensive collection of site conditions at various locations where some evidence of 

liquefaction was known to have or to have not taken place was collected by Seed, et al. (1984). 

These data on sandy soils with a fines content less than 5 percent under magnitude 7.5 

earthquake conditions was presented as relationships between field values of average cyclic 

stress ratio, Ƭav/σ'o (where: Ƭav = average horizontal shear stress induced by an earthquake; and 
σ'o = initial effective overburden pressure on the soil element), and the SPT blow counts corrected 

for certain effects. For an earthquake of magnitude 8.05, the cyclic shear stress ratio necessary 

to cause liquefaction in Seed’s curve was corrected to account for the earthquake magnitude or 

duration effect (Idriss, 1996). 

For the first step in estimating liquefaction potential, the measured SPT blow counts should be 

corrected for various factors using the method proposed by NCEER (1997). The raw SPT blow 

count, N, is corrected to obtain the modified penetration resistance, N1(60). The modified 

penetration resistance is computed as follows:
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N1(60) = N × Cm × Cz × Ch × Cs × Cn......................................................................................(A.1)

where:

N: raw SPT or Modified California blow count (blows/ft);

Cm: a factor to correct for the size of the sampler.

Cm = 1.0 for the SPT sampler; Cm = 0.61 for the Modified California sampler;
Cz: a factor that depends on the length of the drive rods; the following Cz factors may be used 

for various depths:

Depth Cz

> 30 ft 1.0

13 to 20 ft 0.95

10 to 13 ft 0.85

< 10 ft 0.75

Ch: a factor that accounts for the hammer efficiency used in the field to normalize the actual 

hammer efficiency to the cathead-and-rope system efficiency of 60%. 

Ch = Eh/60% , where Eh is the hammer efficiency; 80% for this investigation. 
Cs: a factor that depends on the sampling tube; for a split-spoon sampler without liner (ID = 

1.5" and OD = 2.0"), the following Cs factors may be used:

Raw Blow Count, N CS

< 10 1.0

> 10 1.2

Cn: a factor that depends on the effective overburden pressure at the depth when the 

penetration test was conducted.

As presented by NCEER (1996), another correction factor, (N1)60, should be added to (N1)60 to 

account for fine contents as follows:

N1(60)cs = N1(60) + N1(60)..............................................................................................................................................................(A.2)

N1(60) = .................................................................................................................(A.3)

Where FC is the fines content expressed as a decimal. (So 45% fines is 0.45)

The average cyclic stress ratio (CSR), Ƭav/σ'o, at a specific depth can be estimated from dynamic 

site response analyses. It also can be estimated with reasonable accuracy from the following 

equation as discussed by Seed and Idriss (1982).

Ƭav/σ'o=0.65 × amax/g × σo/σ'o × rd.........................................................................................(A.4)
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where:

amax: maximum acceleration at the ground surface;

σo: total overburden pressure;

σo
’: effective overburden pressure; and

rd: a stress reduction factor.

Based on the magnitude of the design earthquake, and the peak ground acceleration generated 

by that earthquake, the cyclic stress ratio was calculated using Equation E.3. The cyclic stress 

ratio was then corrected to account for an earthquake magnitude other than 7.5. Cumulative 

liquefaction and seismically-induced settlements are attached for Borings B-1 to B-8

Equation B.5 is used to estimate corrected cyclic resistance ratio (CRR). 

CRRR = CRRM × MSF × Ks ...................................................................................................................................................(A.5)

The Magnitude Scaling Factor (MSF) is used to adjust the CRR to a common value of Mw=7.5, 

because the CRR depends on the number of loading cycles, which correlates with Mw (Seed et 

al. 1975b). MSF is calculated using equation B.6.

...................................................................................(A.6)

The overburden correction factor (Ks) was introduced by Seed (1983) to adjust the CRR. 

Overburden correction factor can be estimated using equation B.7.

′

...........................................................(A.7)

The derived correlation between CRR and penetration resistances is expressed via following 

equations developed by Idriss and Boulanger (2008).

For (N1)60 cs < 37.5,

........................(A.8)

For ((N1)60 cs ≥ 37.5, 

CRRM = 2 ............................................................................................................................(A.9) 

Finally, CRR can be estimated using equation B.10.

CRR=MIN(2, CRRR)...........................................................................................................(A.10)

The factor of safety against liquefaction can be estimated using equation B.11.
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FSliq = CRR/CSR................................................................................................................(A.11)

A.2. SEISMICALLY-INDUCED SETTLEMENT

For coarse-grained soils such as sand and gravel with various amount of silt and clay, AGS used 

a liquefaction evaluation approach developed over the years by Seed and his co-authors. 

For fine-grained soils such as silt and clay, there are currently two screening procedures. Both 

approaches are based on modified Chinese Criteria for liquefaction evaluation of fine-grained 

soils. The first approach was developed by Bray and Sancio (2006), and another approach was 

developed by Boulanger and Idriss (2006). The Bray and Sancio (2006) criteria state that a soil 

is:

a) Susceptible to liquefaction if wc/LL > 0.85, PI < 12, and LL<37

b) Moderately susceptible to liquefaction if 0.8 < wc/LL< 0.9 and 12< PI <18 

c) Not susceptible to liquefaction if  wc/LL< 0.8 and PI >18

where wc is water content, LL is Liquid Limit, and PI is Plasticity Index. The criteria presented by 

Boulanger and Idriss (2006) state that a soil is 

a) sand-like if PI < 7
b) clay-like if PI > 7

where sand-like soils are susceptible to liquefaction, and clay-like soils should be evaluated using 

Boulanger and Idriss (2004) method based on the cyclic triaxial shear testing. The method of 

analyses is based on the relationship proposed by Tokimatsu and Seed (1987), and Ishihara and 

Yoshimine (1992), Zhang et al. (2004) with scale effect modification. 

A.3. SEISMICALLY-INDUCED LATERAL DEFORMATION

Seismically-induced lateral deformation (lateral spreading) is another phenomenon which can 

occur during a seismic event. The potential for lateral deformation of the soil is evaluated using 

empirical relationships developed by Zhang et al. (2004). A “Lateral Deformation Index” (LDI) is 
calculated from estimated shear strains in each liquefiable layer based on the soil properties and 

thickness of the liquefiable layer, the magnitude of the earthquake from the site, and the intensity 

of the ground shaking. Once the LDI is calculated, estimated horizontal ground movement is 

calculated from the LDI and the boundary conditions (ground slope, slope of liquefiable layer, or 

distance to and height of a free face).
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The continuity of potentially liquefiable soil layers is a key consideration in evaluating the potential 

for seismically-induced lateral deformation. It should be noted that for a significant areal lateral 

deformation to occur, a continuous layer of potentially liquefiable soil extending for a distance on 

the order of several hundred feet is required.

A.4. RESULTS

AGS’ liquefaction evaluation was based on the following:

PGAM for two hazard levels (72-year and 975-year return period); 0.25g and 0.96g 

respectively, and

Groundwater at Elevation +16 feet (for the North, EQR and Rubble Reaches), 

Elevation +18 feet (for the Bluff Reach) and Elevation +19 feet (for the South Reach). 

Based on the results of AGS’ evaluation and the estimated thicknesses of the liquefiable soils, 

the estimated seismically-induced settlement of the project area would be about 0 to 6 inches. 

Based on the site conditions, seismically-induced lateral spreading appears to not be a hazard at 
this site. Results of our analyses are presented on the following pages. A summary of our results 

is presented in Table 8 in Section 3.5.3 of this report.
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 71.5 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 15 15.0 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 30 6 0.39 4.68 1.862 0.4 4.5 19.5 233.4 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 24 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.39 4.68 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.39 4.68 (in upper 70 feet)

Seismically-Induced Settlement & Lateral Deformation Calculation - AGS-2010 R1-B3

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

2.0 spt 44 SP-SM 5 n n 130 75 0 260 12.45 1.15 1.70 1.00 0.75 1.25 1.30 47.44 80.6 0.0 80.65 1.00 0.66 1.901 10.86 1.10 1.00 2.000 11.94 0.86 - ABOVE G.W. ABOVE G.W. 0.00 2.00 NO, NOT LIQ. 5.0 0.05 1.30 0.00 0.00 0.00 -4.256 0.00 5.00 0.000 0.000 0.00

5.0 spt 40 SM 13 n n 110 75 0 590 28.26 1.15 1.43 1.00 0.75 1.25 1.30 43.13 61.6 2.5 64.84 1.00 0.66 1.901 4.76 1.10 1.00 2.000 5.23 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.00 -2.841 0.00 1.50 0.000 0.000 0.00

6.5 spt 44 SM 13 n n 100 75 0 740 35.44 1.15 1.32 1.00 0.80 1.25 1.30 50.60 66.7 2.5 69.91 1.00 0.66 1.901 3.81 1.10 1.00 2.000 4.20 0.86 - ABOVE G.W. ABOVE G.W. 0.00 6.50 NO, NOT LIQ. 3.5 0.05 1.30 0.00 0.00 0.00 -3.287 0.00 3.50 0.000 0.000 0.00

10.0 spt 34 SM 13 n n 115 75 0 1142.5 54.72 1.15 1.20 1.00 0.80 1.25 1.30 39.10 47.1 2.5 50.36 0.99 0.66 1.901 2.43 1.10 1.00 2.000 2.68 0.86 - ABOVE G.W. ABOVE G.W. 0.00 10.00 NO, NOT LIQ. 5.0 0.05 1.30 0.00 0.00 0.00 -1.618 0.00 5.00 0.000 0.000 0.00

15.0 spt 24 SP-SM 7 n n 115 75 0 1717.5 82.26 1.15 1.08 1.00 0.85 1.25 1.30 29.33 31.6 0.1 31.80 0.98 0.65 0.566 1.29 1.05 1.00 0.625 1.35 0.86 - ABOVE G.W. ABOVE G.W. 0.00 15.00 NO, NOT LIQ. 5.0 0.55 1.30 0.00 0.00 0.04 -0.211 0.00 5.00 0.000 0.000 0.00

20.0 spt 24 SW-GC 7 n n 115 75 0 2292.5 109.79 1.15 0.97 1.00 0.95 1.25 1.30 32.78 31.8 0.1 32.02 0.97 0.64 0.549 0.97 0.98 1.00 0.646 0.95 0.86 - ABOVE G.W. ABOVE G.W. 0.00 20.00 NO, NOT LIQ. 5.0 0.55 1.30 0.00 0.00 0.03 -0.226 0.00 5.00 0.000 0.000 0.00

25.0 spt 19 SP-SM 10 n n 115 75 62.4 2805.1 134.34 1.15 0.89 1.00 0.95 1.25 1.23 25.95 23.2 1.1 24.61 0.96 0.65 0.232 0.62 0.96 1.00 0.281 0.60 0.86 - 0.358 YES, LIQ. 0.36 25.00 YES, LIQ. 5.0 1.20 2.15 0.06 0.11 0.09 0.256 0.09 5.00 0.465 0.019 0.10

30.0 spt 27 SP-SM 6 n n 115 75 374.4 3068.1 146.94 1.15 0.89 1.00 0.95 1.25 1.30 36.87 32.7 0.0 32.77 0.94 0.70 0.577 0.81 0.92 1.00 0.730 0.74 0.86 - 0.823 YES, LIQ. 0.82 30.00 YES, LIQ. 1.5 0.55 0.74 0.01 0.01 0.03 -0.278 0.03 1.50 0.047 0.006 0.01

31.5 spt 18 SP-SM 6 n n 115 75 468 3147 150.72 1.15 0.85 1.00 1.00 1.25 1.22 25.88 22.1 0.0 22.14 0.94 0.71 0.192 0.53 0.94 1.00 0.235 0.50 0.86 - 0.268 YES, LIQ. 0.27 31.50 YES, LIQ. 8.5 1.20 2.15 0.10 0.18 0.12 0.400 0.12 8.50 1.059 0.021 0.18

40.0 spt 23 SC-SM 20 n n 115 75 998.4 3594.1 172.13 1.15 0.83 1.00 1.00 1.25 1.28 33.06 27.5 4.5 33.26 0.91 0.77 0.600 0.59 0.88 1.00 0.794 0.52 0.86 - 0.777 YES, LIQ. 0.78 40.00 YES, LIQ. 10.0 0.15 0.89 0.02 0.09 0.03 -0.312 0.03 10.00 0.289 0.005 0.05

50.0 spt 38 SC-SM 20 n n 115 75 1622.4 4120.1 197.32 1.15 0.84 1.00 1.00 1.25 1.30 54.63 45.8 4.5 51.62 0.88 0.81 1.392 0.68 0.81 1.00 2.000 0.55 0.86 - 1.712 NO, NOT LIQ. 1.71 50.00 NO, NOT LIQ. 10.0 0.05 0.09 0.00 0.00 0.00 -1.721 0.00 10.00 0.001 0.000 0.00

60.0 spt 65 SM 14 n n 110 75 2246.4 4596.1 220.12 1.15 0.81 1.00 1.00 1.25 1.30 93.44 76.1 2.9 79.90 0.85 0.83 1.336 0.63 0.77 1.00 2.000 0.49 0.86 - 1.601 NO, NOT LIQ. 1.60 60.00 NO, NOT LIQ. 10.0 0.05 0.09 0.00 0.00 0.00 -4.187 0.00 10.00 0.000 0.000 0.00

70.0 spt 63 SM 14 n n 105 75 2870.4 5022.1 240.52 1.15 0.80 1.00 1.00 1.25 1.30 90.56 72.1 2.9 75.85 0.81 0.85 1.291 0.58 0.75 1.00 2.000 0.43 0.86 - 1.527 NO, NOT LIQ. 1.53 70.00 NO, NOT LIQ. 1.5 0.05 0.15 0.00 0.00 0.00 -3.820 0.00 1.50 0.000 0.000 0.00

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewat
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN 
(psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 31.5 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 25 19.9 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 15 6 0.14 1.66 1.374 0.3 3.3 5.5 65.8 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 19.9 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.14 1.66 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.14 1.66 (in upper 70 feet)

Seismically-Induced Settlement & Lateral Deformation Calculation - AGS-2010 R1-C2

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

2.0 spt 29 SP-SM 5 n n 130 70 0 260 12.45 1.15 1.70 1.00 0.75 1.17 1.30 29.18 49.6 0.0 49.61 1.00 0.66 1.901 10.28 1.10 1.00 2.000 11.31 0.86 - ABOVE G.W. ABOVE G.W. 0.00 2.00 NO, NOT LIQ. 5.0 0.05 1.30 0.00 0.00 0.00 -1.557 0.00 5.00 0.000 0.000 0.00

5.0 spt 28 SP-SM 5 n n 115 70 0 605 28.98 1.15 1.60 1.00 0.75 1.17 1.30 28.18 45.1 0.0 45.08 1.00 0.66 1.901 4.27 1.10 1.00 2.000 4.69 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 2.5 0.05 1.30 0.00 0.00 0.00 -1.196 0.00 2.50 0.000 0.000 0.00

7.5 spt 15 SP-SM 5 n n 115 70 0 892.5 42.74 1.15 1.51 1.00 0.80 1.17 1.24 16.10 24.2 0.0 24.24 0.99 0.66 0.260 1.55 1.10 1.00 0.273 1.70 0.86 - ABOVE G.W. ABOVE G.W. 0.00 7.50 NO, NOT LIQ. 2.5 1.20 2.15 0.00 0.00 0.10 0.278 0.00 2.50 0.000 0.000 0.00

10.0 spt 12 SM 33 n n 115 70 0 1180 56.51 1.15 1.34 1.00 0.80 1.17 1.17 12.88 17.3 5.5 23.71 0.99 0.66 0.247 0.92 1.09 1.00 0.262 1.00 0.86 - ABOVE G.W. ABOVE G.W. 0.00 10.00 NO, NOT LIQ. 5.0 1.20 2.15 0.00 0.00 0.10 0.310 0.00 5.00 0.000 0.000 0.00

15.0 spt 10 SM 12 n n 115 70 0 1755 84.05 1.15 1.10 1.00 0.85 1.17 1.13 11.40 12.6 2.1 14.89 0.98 0.65 0.137 0.51 1.02 1.00 0.155 0.52 0.86 - ABOVE G.W. ABOVE G.W. 0.00 15.00 NO, NOT LIQ. 5.0 2.20 2.76 0.00 0.00 0.28 0.759 0.00 5.00 0.000 0.000 0.00

20.0 spt 12 SP-SM 8 n n 115 70 6.24 2323.76 111.29 1.15 0.95 1.00 0.95 1.17 1.15 15.30 14.6 0.4 15.02 0.97 0.64 0.134 0.47 0.99 1.00 0.156 0.46 0.86 - 0.208 YES, LIQ. 0.21 20.00 YES, LIQ. 5.0 1.90 2.76 0.10 0.14 0.27 0.754 0.27 5.00 1.373 0.029 0.14

25.0 spt 37 SP-SM 5 n n 115 70 318.24 2586.76 123.89 1.15 0.95 1.00 0.95 1.17 1.30 47.16 44.7 0.0 44.69 0.96 0.71 1.629 1.08 0.94 1.00 2.000 1.02 0.86 - 2.000 NO, NOT LIQ. 2.00 25.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -1.165 0.00 5.00 0.000 0.000 0.00

30.0 spt 32 SP-SM 5 n n 115 70 630.24 2849.76 136.48 1.15 0.92 1.00 0.95 1.17 1.30 40.79 37.3 0.0 37.34 0.94 0.76 1.507 0.97 0.91 1.00 1.907 0.89 0.86 - 1.974 NO, NOT LIQ. 1.97 30.00 NO, NOT LIQ. 1.5 0.05 0.09 0.00 0.00 0.01 -0.606 0.00 1.50 0.001 0.000 0.00

0.00

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewat
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN 
(psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60
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PENETRATION 
RESISTANCE

(N1)60

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 66.5 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 80 15.0 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 30 6 0.00 0.00 0.009 0.0 0.0 0.0 0.3 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 15 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.00 0.00 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.00 0.00 (in upper 70 feet)

Seismically-Induced Settlement & Lateral Deformation Calculation - AGS-1989 B-5

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

0.1 spt 19 SM 12 y n 130 75 0 13 0.62 1.15 1.70 1.00 0.75 1.25 1.30 20.48 34.8 2.1 37.52 1.01 0.67 1.901 134.73 1.10 1.00 2.000 148.20 0.86 - ABOVE G.W. ABOVE G.W. 0.00 0.10 NO, NOT LIQ. 3.0 0.05 1.30 0.00 0.00 0.01 -0.619 0.00 5.00 0.000 0.000 0.00

5.0 spt 29 SP n n 110 75 0 552 26.44 1.15 1.61 1.00 0.75 1.25 1.30 31.27 50.3 0.0 50.29 1.00 0.66 1.901 4.84 1.10 1.00 2.000 5.33 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 7.0 0.05 1.30 0.00 0.00 0.00 -1.612 0.00 5.00 0.000 0.000 0.00

10.0 spt 33 SP n n 100 75 0 1052 50.38 1.15 1.24 1.00 0.80 1.25 1.30 37.95 47.1 0.0 47.11 0.99 0.66 1.901 2.64 1.10 1.00 2.000 2.90 0.86 - ABOVE G.W. ABOVE G.W. 0.00 10.00 NO, NOT LIQ. 5.0 0.05 1.30 0.00 0.00 0.00 -1.356 0.00 5.00 0.000 0.000 0.00

15.0 spt 17 SM 12 n n 115 75 0 1627 77.92 1.15 1.12 1.00 0.85 1.25 1.23 20.77 23.2 2.1 25.80 0.98 0.65 0.280 0.96 1.05 1.00 0.310 1.01 0.86 - ABOVE G.W. ABOVE G.W. 0.00 15.00 NO, NOT LIQ. 5.0 1.10 1.72 0.00 0.00 0.08 0.183 0.00 5.00 0.000 0.000 0.00

20.0 spt 29 SM 27 n n 115 75 312 1890 90.52 1.15 1.03 1.00 0.95 1.25 1.30 39.60 40.9 5.2 47.71 0.97 0.75 1.789 1.41 1.04 1.00 2.000 1.46 0.86 - 2.000 NO, NOT LIQ. 2.00 20.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -1.404 0.00 5.00 0.000 0.000 0.00

25.0 spt 32 SM 27 n n 115 75 624 2153 103.11 1.15 0.99 1.00 0.95 1.25 1.30 43.70 43.5 5.2 50.23 0.96 0.82 1.723 1.29 1.00 1.00 2.000 1.28 0.86 - 2.000 NO, NOT LIQ. 2.00 25.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -1.608 0.00 5.00 0.000 0.000 0.00

30.0 spt 29 SP-SM 10 n n 115 75 936 2416 115.71 1.15 0.96 1.00 0.95 1.25 1.30 39.60 38.0 1.1 39.51 0.94 0.87 1.664 1.11 0.96 1.00 2.000 1.07 0.86 - 1.919 NO, NOT LIQ. 1.92 30.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.01 -0.767 0.00 5.00 0.009 0.000 0.00

35.0 spt 67 SP-SM 10 n n 115 75 1248 2679 128.30 1.15 0.94 1.00 1.00 1.25 1.30 96.31 90.4 1.1 91.93 0.93 0.90 1.611 1.09 0.93 1.00 2.000 1.01 0.86 - 1.787 NO, NOT LIQ. 1.79 35.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -5.303 0.00 5.00 0.000 0.000 0.00

40.0 spt 73 SP-SM 10 n n 115 75 1560 2942 140.90 1.15 0.92 1.00 1.00 1.25 1.30 104.94 96.1 1.1 97.63 0.91 0.93 1.564 1.00 0.90 1.00 2.000 0.90 0.86 - 1.689 NO, NOT LIQ. 1.69 40.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -5.842 0.00 5.00 0.000 0.000 0.00

45.0 spt 92 SP-SM 10 n n 115 75 1872 3205 153.50 1.15 0.90 1.00 1.00 1.25 1.30 132.25 118.5 1.1 119.95 0.90 0.94 1.520 0.94 0.88 1.00 2.000 0.83 0.86 - 1.614 NO, NOT LIQ. 1.61 45.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -8.005 0.00 5.00 0.000 0.000 0.00

50.0 spt 67 SP-SM 10 n n 115 75 2184 3468 166.09 1.15 0.88 1.00 1.00 1.25 1.30 96.31 84.5 1.1 85.99 0.88 0.95 1.480 0.84 0.86 1.00 2.000 0.72 0.86 - 1.557 NO, NOT LIQ. 1.56 50.00 NO, NOT LIQ. 5.0 0.05 0.15 0.00 0.00 0.00 -4.748 0.00 5.00 0.000 0.000 0.00

55.0 spt 51 SM 20 n n 110 75 2496 3706 177.49 1.15 0.86 1.00 1.00 1.25 1.30 73.31 63.2 4.5 69.03 0.86 0.96 1.446 0.77 0.84 1.00 2.000 0.64 0.86 - 1.510 NO, NOT LIQ. 1.51 55.00 NO, NOT LIQ. 5.0 0.05 0.15 0.00 0.00 0.00 -3.209 0.00 5.00 0.000 0.000 0.00

60.0 spt 32 CL 20 80 n n 105 75 2808 3919 187.69 1.15 0.85 1.00 1.00 1.25 1.30 46.00 39.1 5.5 46.29 0.85 0.96 NA 0.71 0.82 1.00 NA 0.58 0.86 0.60 NA YES, LIQ. 0.60 60.00 NO, NOT LIQ. 4.0 0.05 1.09 0.00 0.00 0.00 -1.291 0.00 5.00 0.000 0.000 0.00

65.0 spt 68 SM 12 n n 110 75 3120 4157 199.09 1.15 0.84 1.00 1.00 1.25 1.30 97.75 81.8 2.1 84.46 0.83 0.96 1.387 0.70 0.80 1.00 2.000 0.56 0.86 - 1.443 NO, NOT LIQ. 1.44 65.00 NO, NOT LIQ. 2.5 0.05 0.15 0.00 0.00 0.00 -4.607 0.00 1.50 0.000 0.000 0.00

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewat
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN 
(psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 81 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 250 14.5 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 20 6 0.16 1.97 1.523 0.3 3.7 1.2 14.5 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 14.5 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.14 1.66 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.16 1.97 (in upper 70 feet)

Seismically-Induced Settlement & Lateral Deformation Calculation - AGS-1989 B-6

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

5.0 spt 3 SP y n 130 75 0 650 31.13 1.15 1.70 1.00 0.75 1.25 1.10 3.23 5.5 0.0 5.50 1.00 0.66 0.084 0.40 1.09 1.00 0.089 0.44 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 10.0 4.00 5.50 0.00 0.00 0.50 0.948 0.00 10.00 0.000 0.000 0.00

10.0 spt 5 SP n n 110 75 0 1200 57.47 1.15 1.40 1.00 0.80 1.25 1.10 5.75 8.1 0.0 8.06 0.99 0.66 0.095 0.36 1.05 1.00 0.105 0.38 0.86 - ABOVE G.W. ABOVE G.W. 0.00 10.00 NO, NOT LIQ. 5.0 3.00 4.50 0.00 0.00 0.50 0.943 0.00 5.00 0.000 0.000 0.00

15.0 spt 11 SP n n 100 75 31.2 1668.8 79.92 1.15 1.12 1.00 0.85 1.25 1.15 13.44 15.1 0.0 15.12 0.98 0.66 0.139 0.59 1.03 1.00 0.157 0.61 0.86 - 0.211 YES, LIQ. 0.21 15.00 YES, LIQ. 5.0 1.90 2.76 0.10 0.14 0.27 0.750 0.27 5.00 1.358 0.029 0.14

20.0 spt 28 SP n n 115 75 343.2 1931.8 92.52 1.15 1.03 1.00 0.95 1.25 1.30 38.24 39.3 0.0 39.29 0.97 0.76 1.778 1.34 1.03 1.00 2.000 1.37 0.86 - 2.000 NO, NOT LIQ. 2.00 20.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.01 -0.751 0.00 5.00 0.000 0.000 0.00

25.0 spt 57 SP n n 115 75 655.2 2194.8 105.11 1.15 0.99 1.00 0.95 1.25 1.30 77.84 77.0 0.0 77.03 0.96 0.82 1.713 1.31 0.99 1.00 2.000 1.30 0.86 - 2.000 NO, NOT LIQ. 2.00 25.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -3.926 0.00 5.00 0.000 0.000 0.00

30.0 spt 47 SP n n 115 75 967.2 2457.8 117.71 1.15 0.96 1.00 0.95 1.25 1.30 64.18 61.7 0.0 61.65 0.94 0.87 1.655 1.15 0.96 1.00 2.000 1.10 0.86 - 1.901 NO, NOT LIQ. 1.90 30.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -2.565 0.00 5.00 0.000 0.000 0.00

35.0 spt 54 SP n n 115 75 1279.2 2720.8 130.31 1.15 0.94 1.00 1.00 1.25 1.30 77.63 72.6 0.0 72.59 0.93 0.90 1.604 1.05 0.93 1.00 2.000 0.98 0.86 - 1.773 NO, NOT LIQ. 1.77 35.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -3.526 0.00 5.00 0.000 0.000 0.00

40.0 spt 30 SP n n 115 75 1591.2 2983.8 142.90 1.15 0.91 1.00 1.00 1.25 1.30 43.13 39.1 0.0 39.14 0.91 0.93 1.557 0.93 0.90 1.00 2.000 0.83 0.86 - 1.678 NO, NOT LIQ. 1.68 40.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.01 -0.739 0.01 5.00 0.041 0.001 0.01

45.0 spt 61 SP n n 115 75 1903.2 3246.8 155.50 1.15 0.89 1.00 1.00 1.25 1.30 87.69 78.3 0.0 78.28 0.90 0.94 1.513 0.89 0.88 1.00 2.000 0.78 0.86 - 1.605 NO, NOT LIQ. 1.61 45.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -4.039 0.00 5.00 0.000 0.000 0.00

50.0 spt 100 SM 12 n n 115 75 2215.2 3509.8 168.09 1.15 0.87 1.00 1.00 1.25 1.30 143.75 125.7 2.1 128.41 0.88 0.95 1.474 0.87 0.85 1.00 2.000 0.74 0.86 - 1.549 NO, NOT LIQ. 1.55 50.00 NO, NOT LIQ. 58.0 0.05 0.15 0.00 0.00 0.00 -8.843 0.00 5.00 0.000 0.000 0.00

55.0 spt 23 SM 51 n n 115 75 2527.2 3772.8 180.69 1.15 0.82 1.00 1.00 1.25 1.27 33.06 27.1 5.6 34.23 0.86 0.96 0.703 0.56 0.86 1.00 0.949 0.48 0.86 - 0.736 YES, LIQ. 0.74 55.00 YES, LIQ. 3.0 0.15 0.89 0.00 0.03 0.02 -0.381 0.02 5.00 0.124 0.004 0.02

60.0 spt 84 SM 12 n n 110 75 2839.2 4010.8 192.09 1.15 0.84 1.00 1.00 1.25 1.30 120.75 102.0 2.1 104.65 0.85 0.96 1.406 0.74 0.81 1.00 2.000 0.61 0.86 - 1.468 NO, NOT LIQ. 1.47 60.00 NO, NOT LIQ. 7.0 0.05 0.15 0.00 0.00 0.00 -6.514 0.00 10.00 0.000 0.000 0.00

70.0 spt 100 SP-SM 5 n n 105 75 3463.2 4436.8 212.49 1.15 0.82 1.00 1.00 1.25 1.30 143.75 118.2 0.0 118.20 0.81 0.96 1.354 0.69 0.78 1.00 2.000 0.54 0.86 - 1.414 NO, NOT LIQ. 1.41 70.00 NO, NOT LIQ. 15.0 0.05 0.15 0.00 0.00 0.00 -7.833 0.00 10.00 0.000 0.000 0.00

80.0 spt 62 SP-SM 5 n n 110 75 4087.2 4912.8 235.29 1.15 0.80 1.00 1.00 1.25 1.30 89.13 71.3 0.0 71.35 0.78 0.95 1.302 0.59 0.75 1.00 2.000 0.44 0.86 - 1.378 NO, NOT LIQ. 1.38 80.00 NO, NOT LIQ. 1.0 0.05 0.18 0.00 0.00 0.00 -3.415 0.00 1.00 0.000 0.000 0.00

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN 
(psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewat
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 106.2 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 3500 4 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 25 4.5 0.33 3.97 0.000 0.0 0.0 0.0 0.0 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 4 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.00 0.00 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.33 3.97 (in upper 70 feet)

Table B-1 - Seismically-Induced Settlement & Lateral Deformation Calculation - B-1

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  
Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC 
RESISTANCE RATIO 

(CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTE
D CRR

(CCRR) Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa  

Maximum 
Shear Strain 

gmax DH   (ft)

5.0 mc 10 CL 9 65 y y 120 75 62.4 537.6 25.75 1.00 1.70 0.61 0.75 1.25 1.10 5.72 9.7 5.6 15.87 1.00 0.74 NA 0.98 1.10 1.00 NA 1.08 0.86 1.46 NA NO, NOT LIQ. 1.46 5.00 NO, NOT LIQ. 8.5 1.90 0.27 0.00 0.00 0.25 0.718 0.00 12.50 0.000 0.000 0.00

20.0 mc 1 ch 60 99 n y 96 75 998.4 1041.6 49.89 1.00 1.66 0.61 0.95 1.25 1.10 0.72 1.2 5.5 7.24 0.97 1.26 NA 0.10 1.06 1.00 NA 0.10 0.86 0.08 NA YES, LIQ. 0.08 20.00 NO, NOT LIQ. 12.5 3.00 4.50 0.00 0.00 0.50 0.947 0.00 12.50 0.000 0.000 0.00

30.0 mc 1 ch 60 99 n y 95 75 1622.4 1367.6 65.50 1.00 1.37 0.61 0.95 1.25 1.10 0.72 1.0 5.5 7.03 0.94 1.37 NA 0.07 1.04 1.00 NA 0.08 0.86 0.06 NA YES, LIQ. 0.06 30.00 NO, NOT LIQ. 10.0 3.00 4.50 0.00 0.00 0.50 0.948 0.00 10.00 0.000 0.000 0.00

40.0 mc 2 ch 60 99 n y 94 75 2246.4 1683.6 80.63 1.00 1.17 0.61 1.00 1.25 1.10 1.53 1.8 5.5 7.82 0.91 1.41 NA 0.08 1.02 1.00 NA 0.08 0.86 0.06 NA YES, LIQ. 0.06 40.00 NO, NOT LIQ. 10.0 3.00 4.50 0.00 0.00 0.50 0.945 0.00 10.00 0.000 0.000 0.00

50.0 mc 111 sm 2 41 n y 137 75 2870.4 2427.6 116.26 1.00 0.96 0.61 1.00 1.25 1.30 84.64 81.6 5.6 88.82 0.88 1.27 1.662 1.20 0.96 1.00 2.000 1.16 0.86 - 1.305 NO, NOT LIQ. 1.31 50.00 NO, NOT LIQ. 10.0 0.05 0.18 0.00 0.00 0.00 -5.012 0.00 10.00 0.000 0.000 0.00

60.0 spt 12 ml 2 65 n n 124 75 3494.4 3043.6 145.77 1.00 0.84 1.00 1.00 1.25 1.13 15.00 12.5 5.6 18.84 0.85 1.20 NA 0.36 0.95 1.00 NA 0.34 0.86 - NA YES, LIQ. 0.00 60.00 YES, LIQ 7.0 1.70 2.76 0.12 0.19 0.18 0.578 0.00 7.00 0.000 0.000 0.00

64.0 spt 12 ml 3 85 n n 119 75 3744 3270 156.61 1.00 0.81 1.00 1.00 1.25 1.12 15.00 12.1 5.5 18.32 0.83 1.18 NA 0.33 0.95 1.00 NA 0.31 0.86 - NA YES, LIQ. 0.00 64.00 YES, LIQ 5.0 1.70 2.76 0.09 0.14 0.19 0.604 0.00 5.00 0.000 0.000 0.00

70.0 spt 14 ch 50 90 n n 100 75 4118.4 3495.6 167.41 1.00 0.79 1.00 1.00 1.25 1.14 17.50 13.9 5.5 20.13 0.81 1.17 NA 0.37 0.93 1.00 NA 0.34 0.86 0.29 NA YES, LIQ. 0.29 70.00 NO, NOT LIQ. 8.0 1.40 2.15 0.00 0.00 0.16 0.511 0.00 8.00 0.000 0.000 0.00

80.0 spt 6 ch 50 90 n n 100 75 4742.4 3871.6 185.42 1.00 0.71 1.00 1.00 1.25 1.10 7.50 5.3 5.5 11.36 0.78 1.15 NA 0.13 0.94 1.00 NA 0.13 0.86 0.11 NA YES, LIQ. 0.11 80.00 NO, NOT LIQ. 10.0 3.00 3.50 0.00 0.00 0.41 0.881 0.00 10.00 0.000 0.000 0.00

90.0 spt 3 ch 50 90 n n 100 75 5366.4 4247.6 203.43 1.00 0.64 1.00 1.00 1.25 1.10 3.75 2.4 5.5 8.47 0.75 1.12 NA 0.06 0.94 1.00 NA 0.06 0.86 0.05 NA YES, LIQ. 0.05 90.00 NO, NOT LIQ. 13.0 3.00 4.50 0.00 0.00 0.50 0.939 0.00 13.00 0.000 0.000 0.00

106 spt 150 sp 0 20 n n 140 75 6364.8 5489.2 262.89 1.00 0.78 1.00 1.00 1.25 1.30 187.50 145.8 4.5 151.60 0.71 1.01 1.246 0.59 0.72 1.00 2.000 0.43 0.86 - 1.229 NO, NOT LIQ. 1.23 106.00 NO, NOT LIQ. 8.2 0.05 0.26 0.00 0.00 0.00 -11.180 0.00 8.20 0.000 0.000 0.00

AGS-17-059 - Courtyard 3 Connector
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH 
(feet) 

SAMPL
E TYPE  

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

PORE 
PRESSUR

E (psf)  

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

Soil Layer 
Thickness (ft)

EFFECTIV
E OVER- 
BURDEN 

(psf)

EFFECTIV
E OVER- 
BURDEN 

(MPa)

CORRECTION FACTORS

PENETRATIO
N

RESISTANCE
N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

N for
Fines 

Content  

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS
SAMPLE 
DEPTH 
(feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 108.3 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 3500 4 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 25 4.5 0.30 3.58 2.374 0.5 5.7 0.3 3.3 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 4 0.15 1.82 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.15 1.82 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.30 3.58 (in upper 70 feet)

Table B-2 - Seismically-Induced Settlement & Lateral Deformation Calculation - B-2

GRAVEL? 
Y=yes N=no 

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER   

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTE
D CRR  

(CCRR) Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

5.0 mc 10 sc 9 45 y y 120 75 62.4 537.6 25.75 1.00 1.70 0.61 0.75 1.25 1.10 5.72 9.7 5.6 15.89 1.00 0.74 0.156 0.98 1.10 1.00 0.164 1.08 0.86 - 0.211 YES, LIQ. 0.21 5.00 YES, LIQ. 5.5 1.90 2.76 0.10 0.15 0.25 0.717 0.25 9.50 2.374 0.028 0.26

20.0 mc 1 ch 60 99 n y 96 75 998.4 1041.6 49.89 1.00 1.66 0.61 0.95 1.25 1.10 0.72 1.2 5.5 7.24 0.97 1.26 NA 0.10 1.06 1.00 NA 0.10 0.86 0.08 NA YES, LIQ. 0.08 20.00 NO, NOT LIQ. 18.0 3.00 4.50 0.00 0.00 0.50 0.947 0.00 18.00 0.000 0.000 0.00

35.0 mc 6 ch 60 99 n y 95 75 1934.4 1530.6 73.30 1.00 1.22 0.61 1.00 1.25 1.10 4.58 5.6 5.5 11.62 0.93 1.39 NA 0.21 1.03 1.00 NA 0.21 0.86 0.15 NA YES, LIQ. 0.15 35.00 NO, NOT LIQ. 18.5 3.00 3.50 0.00 0.00 0.40 0.874 0.00 18.50 0.000 0.000 0.00

48.0 mc 69 sm 20 30 n y 138 75 2745.6 2513.4 120.37 1.00 0.95 0.61 1.00 1.25 1.30 52.61 50.2 5.4 57.21 0.89 1.23 1.644 1.12 0.95 1.00 2.000 1.07 0.86 - 1.337 NO, NOT LIQ. 1.34 48.00 NO, NOT LIQ. 7.0 0.05 0.18 0.00 0.00 0.00 -2.186 0.00 7.00 0.000 0.000 0.00

55.0 spt 10 ch 20 90 n n 100 75 3182.4 2776.6 132.98 1.00 0.87 1.00 1.00 1.25 1.11 12.50 10.9 5.5 16.97 0.86 1.23 NA 0.32 0.97 1.00 NA 0.31 0.86 0.25 NA YES, LIQ. 0.25 55.00 NO, NOT LIQ. 7.5 1.90 2.76 0.00 0.00 0.22 0.668 0.00 7.50 0.000 0.000 0.00

61.0 mc 35 ml 13 64 n n 124 75 3556.8 3146.2 150.68 1.00 0.86 0.61 1.00 1.25 1.23 26.69 22.9 5.6 29.73 0.84 1.19 NA 0.63 0.92 1.00 NA 0.58 0.86 0.48 NA YES, LIQ. 0.48 61.00 YES, LIQ 8.5 1.00 1.72 0.09 0.15 0.05 -0.071 0.00 8.50 0.000 0.000 0.00

70.0 mc 26 ch 50 90 n n 100 75 4118.4 3484.6 166.89 1.00 0.80 0.61 1.00 1.25 1.16 19.83 15.9 5.5 22.27 0.81 1.17 NA 0.42 0.93 1.00 NA 0.39 0.86 0.33 NA YES, LIQ. 0.33 70.00 NO, NOT LIQ. 6.0 1.20 2.15 0.00 0.00 0.12 0.393 0.00 6.00 0.000 0.000 0.00

80.0 mc 13 ch 50 90 n n 100 75 4742.4 3860.6 184.89 1.00 0.72 0.61 1.00 1.25 1.10 9.91 7.1 5.5 13.21 0.78 1.15 NA 0.18 0.94 1.00 NA 0.17 0.86 0.14 NA YES, LIQ. 0.14 80.00 NO, NOT LIQ. 10.0 2.20 3.50 0.00 0.00 0.33 0.823 0.00 10.00 0.000 0.000 0.00

90.0 spt 8 ch 50 90 n n 100 75 5366.4 4236.6 202.90 1.00 0.69 1.00 1.00 1.25 1.10 10.00 6.9 5.5 12.92 0.75 1.12 NA 0.16 0.93 1.00 NA 0.15 0.86 0.13 NA YES, LIQ. 0.13 90.00 NO, NOT LIQ. 10.0 2.20 3.50 0.00 0.00 0.34 0.833 0.00 10.00 0.000 0.000 0.00

100.0 spt 25 ch 50 90 n n 100 75 5990.4 4612.6 220.91 1.00 0.76 1.00 1.00 1.25 1.24 31.25 23.7 5.5 30.50 0.72 1.10 NA 0.50 0.84 1.00 NA 0.42 0.86 0.38 NA YES, LIQ. 0.38 100.00 NO, NOT LIQ. 9.0 0.55 1.30 0.00 0.00 0.04 -0.122 0.00 9.00 0.000 0.000 0.00

107.0 spt 110 sp 0 20 n n 140 75 6427.2 5155.8 246.93 1.00 0.79 1.00 1.00 1.25 1.30 137.50 108.7 4.5 114.50 0.71 1.05 1.278 0.60 0.74 1.00 2.000 0.44 0.86 - 1.215 NO, NOT LIQ. 1.21 107.00 NO, NOT LIQ. 4.3 0.05 0.26 0.00 0.00 0.00 -7.470 0.00 4.30 0.000 0.000 0.00

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

N for
Fines 

Content  

PORE 
PRESSUR

E (psf)  

EFFECTIV
E OVER- 
BURDEN 

(psf)

EFFECTIV
E OVER- 
BURDEN 

(MPa)

CORRECTION FACTORS

PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH 
(feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE   PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 

Y=yes N=no  

AGS-17-059 - Courtyard 3 Connector
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

SFO Courtyard 3 Connector B-2 July 2018
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 108.3 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 3500 4 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 25 4.5 0.92 11.09 6.000 1.2 14.5 0.7 8.3 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 4 0.38 4.59 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.38 4.59 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.78 9.41 (in upper 70 feet)

Table B-3 - Seismically-Induced Settlement & Lateral Deformation Calculation - B-3

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  
Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC 
RESISTANCE RATIO 

(CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTE
D CRR

(CCRR) Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa  

Maximum 
Shear Strain 

gmax DH   (ft)

5.0 mc 10 gm 0 7 y y 120 75 62.4 537.6 25.75 1.00 1.70 0.61 0.75 1.25 1.10 5.72 9.7 0.1 9.87 1.00 0.74 0.111 0.98 1.10 1.00 0.117 1.08 0.86 - 0.151 YES, LIQ. 0.15 5.00 YES, LIQ. 8.5 3.00 4.50 0.26 0.38 0.48 0.917 0.48 12.50 6.000 0.038 0.47

20.0 mc 1 ch 60 99 n y 96 75 998.4 1041.6 49.89 1.00 1.66 0.61 0.95 1.25 1.10 0.72 1.2 5.5 7.24 0.97 1.26 NA 0.10 1.06 1.00 NA 0.10 0.86 0.08 NA YES, LIQ. 0.08 20.00 NO, NOT LIQ. 17.5 3.00 4.50 0.00 0.00 0.50 0.947 0.00 17.50 0.000 0.000 0.00

40.0 spt 1 ch 60 99 n n 95 75 2246.4 1693.6 81.11 1.00 1.17 1.00 1.00 1.25 1.10 1.25 1.5 5.5 7.50 0.91 1.41 NA 0.07 1.02 1.00 NA 0.07 0.86 0.05 NA YES, LIQ. 0.05 40.00 NO, NOT LIQ. 15.0 3.00 4.50 0.00 0.00 0.50 0.947 0.00 15.00 0.000 0.000 0.00

50.0 spt 12 cl 11 55 n n 136 75 2870.4 2429.6 116.36 1.00 0.93 1.00 1.00 1.25 1.14 15.00 14.0 5.6 20.40 0.88 1.27 NA 0.45 0.98 1.00 NA 0.44 0.86 0.35 NA YES, LIQ. 0.35 50.00 YES, LIQ 7.5 1.40 2.15 0.11 0.16 0.15 0.497 0.00 7.50 0.000 0.000 0.00

55.0 spt 4 cl 17 98 n n 124 75 3182.4 2737.6 131.11 1.00 0.85 1.00 1.00 1.25 1.10 5.00 4.3 5.5 10.30 0.86 1.24 NA 0.13 0.98 1.00 NA 0.12 0.86 0.10 NA YES, LIQ. 0.10 55.00 YES, LIQ 5.0 3.00 3.50 0.15 0.18 0.46 0.907 0.00 5.00 0.000 0.000 0.00

60.0 spt 26 ml 0 69 n n 123 75 3494.4 3040.6 145.62 1.00 0.88 1.00 1.00 1.25 1.29 32.50 28.6 5.6 35.81 0.85 1.20 NA 0.79 0.90 1.00 NA 0.71 0.86 - NA YES, LIQ. 0.00 60.00 YES, LIQ 5.0 0.05 1.30 0.00 0.07 0.02 -0.494 0.00 5.00 0.000 0.000 0.00

65.0 spt 11 ch 50 90 n n 100 75 3806.4 3228.6 154.63 1.00 0.81 1.00 1.00 1.25 1.11 13.75 11.1 5.5 17.24 0.83 1.20 NA 0.31 0.95 1.00 NA 0.29 0.86 0.24 NA YES, LIQ. 0.24 65.00 NO, NOT LIQ. 7.5 1.70 2.76 0.00 0.00 0.22 0.656 0.00 7.50 0.000 0.000 0.00

75.0 spt 4 ch 50 90 n n 100 75 4430.4 3604.6 172.63 1.00 0.72 1.00 1.00 1.25 1.10 5.00 3.6 5.5 9.67 0.79 1.17 NA 0.10 0.95 1.00 NA 0.09 0.86 0.08 NA YES, LIQ. 0.08 75.00 NO, NOT LIQ. 10.0 3.00 4.50 0.00 0.00 0.49 0.921 0.00 10.00 0.000 0.000 0.00

85.0 spt 8 ch 50 90 n n 100 75 5054.4 3980.6 190.64 1.00 0.71 1.00 1.00 1.25 1.10 10.00 7.1 5.5 13.16 0.76 1.15 NA 0.17 0.94 1.00 NA 0.16 0.86 0.14 NA YES, LIQ. 0.14 85.00 NO, NOT LIQ. 10.0 2.20 3.50 0.00 0.00 0.34 0.824 0.00 10.00 0.000 0.000 0.00

95.0 spt 12 ch 50 90 n n 100 75 5678.4 4356.6 208.65 1.00 0.70 1.00 1.00 1.25 1.11 15.00 10.5 5.5 16.63 0.73 1.12 NA 0.25 0.92 1.00 NA 0.23 0.86 0.20 NA YES, LIQ. 0.20 95.00 NO, NOT LIQ. 7.5 1.90 2.76 0.00 0.00 0.23 0.684 0.00 7.50 0.000 0.000 0.00

100.0 spt 92 cl 18 50 n n 140 75 5990.4 4744.6 227.23 1.00 0.81 1.00 1.00 1.25 1.30 115.00 92.9 5.6 100.20 0.72 1.08 NA 0.64 0.76 1.00 NA 0.49 0.86 0.45 NA YES, LIQ. 0.45 100.00 YES, LIQ 5.0 0.05 1.30 0.00 0.07 0.00 -6.088 0.00 5.00 0.000 0.000 0.00

105.0 spt 142 ml 12 50 n n 140 75 6302.4 5132.6 245.81 1.00 0.79 1.00 1.00 1.25 1.30 177.50 140.5 5.6 147.76 0.71 1.05 NA 0.63 0.74 1.00 NA 0.46 0.86 0.44 NA YES, LIQ. 0.44 105.00 YES, LIQ 5.8 0.05 1.30 0.00 0.08 0.00 -10.790 0.00 5.80 0.000 0.000 0.00

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS
SAMPLE 
DEPTH 
(feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

N for
Fines 

Content  

PORE 
PRESSUR

E (psf)  

EFFECTIV
E OVER- 
BURDEN 

(psf)

EFFECTIV
E OVER- 
BURDEN 

(MPa)

CORRECTION FACTORS

PENETRATIO
N

RESISTANCE
N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH 
(feet) 

SAMPL
E TYPE  

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

AGS-17-059 - Courtyard 3 Connector
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

SFO Courtyard 3 Connector B-3 July 2018
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 102 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 80 14.0 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 20 6 0.09 1.03 0.416 0.1 1.0 0.8 9.9 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 13.9 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.09 1.03 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.09 1.03 (in upper 70 feet)

Table B-4 - Seismically-Induced Settlement & Lateral Deformation Calculation - B-4

GRAVEL? 
Y=yes N=no 

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER   

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 

FACTOR (MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

2.5 spt 14 SP y n 130 85 0 325 15.57 1.15 1.70 1.00 0.75 1.42 1.29 17.11 29.1 0.0 29.08 1.00 0.66 0.412 3.95 1.10 1.00 0.433 4.35 0.86 - ABOVE G.W. ABOVE G.W. 0.00 2.50 NO, NOT LIQ. 5.0 1.00 1.72 0.00 0.00 0.05 -0.028 0.00 5.00 0.000 0.000 0.000 0.00

5.0 spt 9 SP 2 y n 120 85 0 625 29.93 1.15 1.70 1.00 0.75 1.42 1.19 11.00 18.7 0.0 18.69 1.00 0.66 0.182 1.26 1.10 1.00 0.191 1.39 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 5.0 1.70 2.76 0.00 0.00 0.18 0.585 0.00 5.00 0.000 0.000 0.000 0.00

10.0 spt 2 SP 1 n n 120 85 0 1225 58.67 1.15 1.43 1.00 0.80 1.42 1.10 2.61 3.7 0.0 3.73 0.99 0.66 0.071 0.14 1.04 1.00 0.079 0.15 0.86 - ABOVE G.W. ABOVE G.W. 0.00 10.00 NO, NOT LIQ. 3.0 7.00 5.50 0.00 0.00 0.50 0.948 0.00 3.00 0.000 0.000 0.000 0.00

13.0 spt 5 SP n n 115 85 0 1570 75.19 1.15 1.19 1.00 0.85 1.42 1.10 6.92 8.2 0.0 8.22 0.98 0.65 0.094 0.28 1.03 1.00 0.106 0.28 0.86 - ABOVE G.W. ABOVE G.W. 0.00 13.00 NO, NOT LIQ. 2.0 3.00 4.50 0.00 0.00 0.50 0.942 0.00 2.00 0.000 0.000 0.000 0.00

15.0 spt 17 SP n n 115 85 68.64 1731.36 82.92 1.15 1.08 1.00 0.85 1.42 1.26 23.54 25.5 0.0 25.53 0.98 0.68 0.271 0.91 1.03 1.00 0.303 0.94 0.86 - 0.401 YES, LIQ. 0.40 15.00 YES, LIQ. 5.0 1.10 1.72 0.06 0.09 0.08 0.199 0.08 5.00 0.416 0.416 0.019 0.09

20.0 spt 32 SP 5 n n 115 85 380.64 1994.36 95.52 1.15 1.01 1.00 0.95 1.42 1.30 49.53 50.3 0.0 50.26 0.97 0.76 1.762 1.39 1.02 1.00 2.000 1.42 0.86 - 2.000 NO, NOT LIQ. 2.00 20.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -1.610 0.00 5.00 0.000 0.416 0.000 0.00

25.0 spt 33 SP-SM 3 n n 115 85 692.64 2257.36 108.11 1.15 0.98 1.00 0.95 1.42 1.30 51.07 50.2 0.0 50.17 0.96 0.83 1.699 1.23 0.98 1.00 2.000 1.21 0.86 - 2.000 NO, NOT LIQ. 2.00 25.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -1.603 0.00 5.00 0.000 0.000 0.000 0.00

30.0 spt 46 SP-SM 4 n n 115 85 1004.64 2520.36 120.71 1.15 0.95 1.00 0.95 1.42 1.30 71.19 67.9 0.0 67.93 0.94 0.87 1.643 1.12 0.95 1.00 2.000 1.07 0.86 - 1.879 NO, NOT LIQ. 1.88 30.00 NO, NOT LIQ. 2.0 0.05 0.09 0.00 0.00 0.00 -3.112 0.00 2.00 0.000 0.000 0.000 0.00

32.0 spt 46 SP-SM 5 n n 115 85 1129.44 2625.56 125.75 1.15 0.94 1.00 1.00 1.42 1.30 74.94 70.7 0.0 70.75 0.94 0.89 1.622 1.08 0.94 1.00 2.000 1.01 0.86 - 1.826 NO, NOT LIQ. 1.83 32.00 NO, NOT LIQ. 3.0 0.05 0.09 0.00 0.00 0.00 -3.361 0.00 3.00 0.000 0.000 0.000 0.00

35.0 spt 53 SP-SM 5 n n 115 85 1316.64 2783.36 133.30 1.15 0.93 1.00 1.00 1.42 1.30 86.35 80.3 0.0 80.27 0.93 0.91 1.592 1.03 0.92 1.00 2.000 0.95 0.86 - 1.757 NO, NOT LIQ. 1.76 35.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -4.221 0.00 5.00 0.000 0.000 0.000 0.00

40.0 spt 80 SP-SM 5 y n 115 85 1628.64 3046.36 145.90 1.15 0.91 1.00 1.00 1.42 1.30 130.33 118.3 0.0 118.31 0.91 0.93 1.546 0.97 0.89 1.00 2.000 0.87 0.86 - 1.665 NO, NOT LIQ. 1.66 40.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -7.844 0.00 5.00 0.000 0.000 0.000 0.00

45.0 spt 61 SP-SM 5 n n 115 85 1940.64 3309.36 158.49 1.15 0.89 1.00 1.00 1.42 1.30 99.38 88.3 0.0 88.27 0.90 0.94 1.504 0.87 0.87 1.00 2.000 0.76 0.86 - 1.595 NO, NOT LIQ. 1.59 45.00 NO, NOT LIQ. 5.0 0.05 0.15 0.00 0.00 0.00 -4.960 0.00 5.00 0.000 0.000 0.000 0.00

50.0 spt 72 SP-SM 8 n n 115 85 2252.64 3572.36 171.09 1.15 0.87 1.00 1.00 1.42 1.30 117.30 102.1 0.4 102.59 0.88 0.95 1.465 0.82 0.85 1.00 2.000 0.70 0.86 - 1.540 NO, NOT LIQ. 1.54 50.00 NO, NOT LIQ. 10.0 0.05 0.15 0.00 0.00 0.00 -6.316 0.00 10.00 0.000 0.000 0.000 0.00

60.0 spt 86 SP-SM 5 n n 115 85 2876.64 4098.36 196.28 1.15 0.84 1.00 1.00 1.42 1.30 140.11 117.6 0.0 117.64 0.85 0.95 1.395 0.73 0.81 1.00 2.000 0.59 0.86 - 1.462 NO, NOT LIQ. 1.46 60.00 NO, NOT LIQ. 2.0 0.05 0.15 0.00 0.00 0.00 -7.777 0.00 2.00 0.000 0.000 0.000 0.00

62.0 spt 50 SP-SM 5 n n 115 85 3001.44 4203.56 201.32 1.15 0.83 1.00 1.00 1.42 1.30 81.46 67.9 0.0 67.94 0.84 0.95 1.382 0.68 0.80 1.00 2.000 0.54 0.86 - 1.450 NO, NOT LIQ. 1.45 62.00 NO, NOT LIQ. 8.0 0.05 0.15 0.00 0.00 0.00 -3.113 0.00 8.00 0.000 0.000 0.000 0.00

70.0 spt 112 SP-SM 6 n n 115 85 3500.64 4624.36 221.47 1.15 0.81 1.00 1.00 1.42 1.30 182.47 148.4 0.0 148.45 0.81 0.95 1.333 0.67 0.77 1.00 2.000 0.52 0.86 - 1.411 NO, NOT LIQ. 1.41 70.00 NO, NOT LIQ. 10.0 0.05 0.15 0.00 0.00 0.00 -10.859 0.00 10.00 0.000 0.000 0.000 0.00

80.0 spt 27 SM 51 n n 115 85 4124.64 5150.36 246.66 1.15 0.78 1.00 1.00 1.42 1.30 43.99 34.4 5.6 41.72 0.78 0.93 1.278 0.48 0.74 1.00 2.000 0.36 0.86 - 1.376 NO, NOT LIQ. 1.38 80.00 NO, NOT LIQ. 20.0 0.05 0.18 0.00 0.00 0.01 -0.935 0.01 20.00 0.120 0.000 0.001 0.02

100.0 spt 15 CH 20 90 n n 115 85 5372.64 6202.36 297.05 1.15 0.65 1.00 1.00 1.42 1.16 24.44 15.8 5.5 22.18 0.72 0.89 NA 0.22 0.84 1.00 NA 0.19 0.86 0.21 NA YES, LIQ. 0.21 100.00 NO, NOT LIQ. 2.0 1.20 2.15 0.00 0.00 0.12 0.398 0.00 2.00 0.000 0.000 0.000 0.00

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN (psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-
N)  (blows per foot) SOIL TYPE   PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 

Y=yes N=no 

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewater

Boring Data Settlement Lateral Displacement 
Depth of boring (ft) LDI

Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 51.5 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 180 15.0 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 20 6 0.00 0.00 0.000 0.0 0.0 0.0 0.0 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 14.9 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.00 0.00 (in upper 50 feet)
PGA Peak Ground Acceleration 1.02 0.00 0.00 (in upper 70 feet)

Table B-5 - Seismically-Induced Settlement & Lateral Deformation Calculation - B-5

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

0.5 spt 36 SP y n 130 85 0 65 3.11 1.15 1.70 1.00 0.75 1.42 1.30 43.99 74.8 0.0 74.78 1.00 0.67 1.901 42.92 1.10 1.00 2.000 47.21 0.86 - ABOVE G.W. ABOVE G.W. 0.00 0.50 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -3.722 0.00 2.00 0.000 0.000 0.00

2.0 spt 22 SM 20 n n 120 85 0 245 11.73 1.15 1.70 1.00 0.75 1.42 1.30 26.88 45.7 4.5 51.52 1.00 0.66 1.901 8.28 1.10 1.00 2.000 9.11 0.86 - ABOVE G.W. ABOVE G.W. 0.00 2.00 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.00 -1.713 0.00 1.50 0.000 0.000 0.00

3.5 spt 16 SM 17 n n 120 85 0 425 20.35 1.15 1.70 1.00 0.75 1.42 1.30 19.55 33.2 3.9 38.24 1.00 0.66 1.901 3.47 1.10 1.00 2.000 3.82 0.86 - ABOVE G.W. ABOVE G.W. 0.00 3.50 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.01 -0.672 0.00 1.50 0.000 0.000 0.00

5.0 spt 16 SM 17 n n 115 85 0 597.5 28.62 1.15 1.70 1.00 0.75 1.42 1.30 19.55 33.2 3.9 38.24 1.00 0.66 1.901 2.47 1.10 1.00 2.000 2.72 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.01 -0.672 0.00 1.50 0.000 0.000 0.00

6.5 spt 12 SM 12 n n 115 85 0 770 36.88 1.15 1.62 1.00 0.80 1.42 1.25 15.64 25.4 2.1 27.97 1.00 0.66 0.364 1.41 1.10 1.00 0.382 1.55 0.86 - ABOVE G.W. ABOVE G.W. 0.00 6.50 NO, NOT LIQ. 1.5 1.00 1.72 0.00 0.00 0.06 0.045 0.00 1.50 0.000 0.000 0.00

8.0 spt 17 SM 12 n n 115 85 0 942.5 45.14 1.15 1.41 1.00 0.80 1.42 1.30 22.16 31.1 2.1 33.83 0.99 0.66 0.837 1.66 1.10 1.00 0.881 1.83 0.86 - ABOVE G.W. ABOVE G.W. 0.00 8.00 NO, NOT LIQ. 1.5 0.15 1.30 0.00 0.00 0.03 -0.353 0.00 1.50 0.000 0.000 0.00

9.5 spt 20 SP-SM 8 n n 115 85 0 1115 53.40 1.15 1.28 1.00 0.80 1.42 1.30 26.07 33.5 0.4 33.94 0.99 0.66 0.854 1.65 1.10 1.00 0.899 1.82 0.86 - ABOVE G.W. ABOVE G.W. 0.00 9.50 NO, NOT LIQ. 1.5 0.15 1.30 0.00 0.00 0.03 -0.360 0.00 -14.00 0.000 0.000 0.00

11.0 spt 25 SP-SM 8 n n 115 85 0 1287.5 61.66 1.15 1.18 1.00 0.85 1.42 1.30 34.62 40.8 0.4 41.26 0.99 0.66 1.901 1.79 1.10 1.00 2.000 1.97 0.86 - ABOVE G.W. ABOVE G.W. 0.00 11.00 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.01 -0.900 0.00 -17.50 0.000 0.000 0.00

12.5 spt 23 SP-SM 8 n n 115 85 0 1460 69.92 1.15 1.14 1.00 0.85 1.42 1.30 31.85 36.2 0.4 36.71 0.99 0.65 1.549 1.45 1.10 1.00 1.629 1.60 0.86 - ABOVE G.W. ABOVE G.W. 0.00 12.50 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.02 -0.560 0.00 -18.00 0.000 0.000 0.00

14.0 spt 28 SP-SM 8 n n 115 85 0 1632.5 78.18 1.15 1.08 1.00 0.85 1.42 1.30 38.77 41.9 0.4 42.41 0.98 0.65 1.864 1.58 1.08 1.00 2.000 1.71 0.86 - ABOVE G.W. ABOVE G.W. 0.00 14.00 NO, NOT LIQ. 1.5 0.05 1.30 0.00 0.00 0.01 -0.988 0.00 -19.50 0.000 0.000 0.00

15.5 spt 31 SP-SM 9 n n 115 85 37.44 1767.56 84.65 1.15 1.05 1.00 0.85 1.42 1.30 42.93 45.1 0.7 46.05 0.98 0.66 1.824 1.57 1.06 1.00 2.000 1.65 0.86 - 2.000 NO, NOT LIQ. 2.00 15.50 NO, NOT LIQ. 1.5 0.05 0.00 0.00 0.00 0.00 -1.272 0.00 1.50 0.000 0.000 0.00

17.0 spt 35 SP-SM 9 n n 115 85 131.04 1846.46 88.43 1.15 1.04 1.00 0.95 1.42 1.30 54.17 56.1 0.7 57.03 0.98 0.69 1.801 1.51 1.04 1.00 2.000 1.57 0.86 - 2.000 NO, NOT LIQ. 2.00 17.00 NO, NOT LIQ. 1.5 0.05 0.00 0.00 0.00 0.00 -2.171 0.00 1.50 0.000 0.000 0.00

18.5 spt 31 SP-SM 10 n n 115 85 224.64 1925.36 92.21 1.15 1.02 1.00 0.95 1.42 1.30 47.98 49.1 1.1 50.64 0.97 0.72 1.780 1.44 1.03 1.00 2.000 1.48 0.86 - 2.000 NO, NOT LIQ. 2.00 18.50 NO, NOT LIQ. 1.5 0.05 0.00 0.00 0.00 0.00 -1.641 0.00 1.50 0.000 0.000 0.00

20.0 spt 39 SP-SM 10 n n 115 85 318.24 2004.26 95.99 1.15 1.01 1.00 0.95 1.42 1.30 60.36 61.2 1.1 62.67 0.97 0.74 1.759 1.40 1.02 1.00 2.000 1.42 0.86 - 2.000 NO, NOT LIQ. 2.00 20.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -2.653 0.00 5.00 0.000 0.000 0.00

25.0 spt 45 SM 12 n n 115 85 630.24 2267.26 108.59 1.15 0.98 1.00 0.95 1.42 1.30 69.65 68.3 2.1 71.03 0.96 0.81 1.697 1.25 0.98 1.00 2.000 1.22 0.86 - 2.000 NO, NOT LIQ. 2.00 25.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -3.386 0.00 5.00 0.000 0.000 0.00

30.0 spt 47 SM 12 n n 115 85 942.24 2530.26 121.18 1.15 0.95 1.00 0.95 1.42 1.30 72.74 69.3 2.1 72.03 0.94 0.86 1.641 1.12 0.95 1.00 2.000 1.06 0.86 - 1.913 NO, NOT LIQ. 1.91 30.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -3.476 0.00 5.00 0.000 0.000 0.00

35.0 spt 52 SM 12 n n 115 85 1254.24 2793.26 133.78 1.15 0.93 1.00 1.00 1.42 1.30 84.72 78.7 2.1 81.37 0.93 0.89 1.590 1.02 0.92 1.00 2.000 0.94 0.86 - 1.784 NO, NOT LIQ. 1.78 35.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -4.322 0.00 5.00 0.000 0.000 0.00

40.0 spt 63 SM 13 n n 115 85 1566.24 3056.26 146.37 1.15 0.91 1.00 1.00 1.42 1.30 102.64 93.1 2.5 96.35 0.91 0.92 1.544 0.95 0.89 1.00 2.000 0.85 0.86 - 1.688 NO, NOT LIQ. 1.69 40.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -5.721 0.00 5.00 0.000 0.000 0.00

45.0 spt 59 SM 12 n n 115 85 1878.24 3319.26 158.97 1.15 0.89 1.00 1.00 1.42 1.30 96.12 85.3 2.1 88.00 0.90 0.93 1.502 0.87 0.87 1.00 2.000 0.75 0.86 - 1.614 NO, NOT LIQ. 1.61 45.00 NO, NOT LIQ. 5.0 0.05 0.09 0.00 0.00 0.00 -4.935 0.00 5.00 0.000 0.000 0.00

50.0 spt 67 SP-SM 5 n n 115 85 2190.24 3582.26 171.56 1.15 0.87 1.00 1.00 1.42 1.30 109.15 95.0 0.0 94.95 0.88 0.94 1.463 0.81 0.85 1.00 2.000 0.69 0.86 - 1.557 NO, NOT LIQ. 1.56 50.00 NO, NOT LIQ. 1.5 0.05 0.15 0.00 0.00 0.00 -5.588 0.00 1.50 0.000 0.000 0.00

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN 
(psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewat
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)
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Site Data Sample Depth is to top of sample layer.

S Ground Slope / Liquefiable Layer Slope 0.1% 38 Fines content estimated based on soil classification where no test data available.
L Horizontal Distance from Free Face (ft) 120 20.0 ft in ft in ft in Soil Type based on Unified Soils Classification System (USCS), ASTM D2487.
H Free Face Height (ft) 40 6 0.00 0.00 0.000 0.0 0.0 0.0 0.0 Equations and procedures used to calculate liquefaction potential is based on Soil Liquefaction During Earthquakes by Idriss and Boulanger published by EERI MNO-12  2008
Gw Depth to groundwater (ft) 20 0.00 0.00 (above YBM) Blue cells are input data, orange cells are calculated data.
Mw Maximum Moment Magnitude 8.1 0.00 0.00 (in upper 50 feet)
PGA Peak Ground Acceleration 0.922 0.00 0.00 (in upper 70 feet)

Table B-6 - Seismically-Induced Settlement & Lateral Deformation Calculation - B-6

GRAVEL? 
Y=yes 
N=no  

UNIT 
WEIGHT OF 
SOIL LAYER 

(pcf)

ENERGY 
RATIO, ER  

(%)

Cb

Borehole 
Size Factor

 Cn
Depth 

Reduction 
Factor

 Cm
MC Factor

 CR
Drill Rod 
Length 
Factor

 Ch
Hammer 
Efficiency 

Factor

 Cs
Unlined 

SPT  Factor

STRESS 
REDUCTION 

COEFFICIENT 
(rd)

CYCLIC 
STRESS 
RATIO 
(CSR)

CYCLIC RESISTANCE 
RATIO (CRR) Sand

CYCLIC 
RESISTANCE 
RATIO (CRR) 

Clay

CRR STATIC 
SHEAR 

CORRECTION 
(Ka)

CORRECTED 
CRR  (CCRR)

Sand

CORRECTED 
CRR  (CCRR)

Clay

MAGNITUDE 
SCALING 
FACTOR 

(MSF)

FACTOR OF 
SAFETY 
(FS)Clay

FACTOR OF 
SAFETY 
(FS)Sand

LIQUEFACTION 
POTENTIAL  Tokimatsu Ishihara Tokimatsu Ishihara

Limiting Shear 
Strain gmin Parameter Fa   

Maximum 
Shear Strain 

gmax DH   (ft)

1.0 spt 43 SP y n 130 85 0 130 6.23 1.15 1.70 1.00 0.75 1.42 1.30 52.54 89.3 0.0 89.32 1.00 0.60 1.901 21.68 1.10 1.00 2.000 23.85 0.86 - ABOVE G.W. ABOVE G.W. 0.00 1.00 NO, NOT LIQ. 3.0 0.05 1.30 0.00 0.00 0.00 -5.058 0.00 2.00 0.000 0.000 0.00

3.0 spt 32 SP-SM 5 n n 120 85 0 370 17.72 1.15 1.70 1.00 0.75 1.42 1.30 39.10 66.3 0.0 66.34 1.00 0.60 1.901 7.50 1.10 1.00 2.000 8.25 0.86 - ABOVE G.W. ABOVE G.W. 0.00 3.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -2.972 0.00 1.50 0.000 0.000 0.00

5.0 spt 36 SP-SM 5 n n 120 85 0 610 29.21 1.15 1.41 1.00 0.75 1.42 1.30 43.99 61.8 0.0 61.84 1.00 0.60 1.901 4.57 1.10 1.00 2.000 5.03 0.86 - ABOVE G.W. ABOVE G.W. 0.00 5.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -2.582 0.00 1.50 0.000 0.000 0.00

7.0 spt 36 SP-SM 5 n n 115 85 0 840 40.23 1.15 1.27 1.00 0.80 1.42 1.30 46.92 59.8 0.0 59.78 1.00 0.60 1.901 3.32 1.10 1.00 2.000 3.65 0.86 - ABOVE G.W. ABOVE G.W. 0.00 7.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -2.405 0.00 1.50 0.000 0.000 0.00

9.0 spt 53 SP-SM 5 n n 115 85 0 1070 51.25 1.15 1.20 1.00 0.80 1.42 1.30 69.08 82.6 0.0 82.58 0.99 0.59 1.901 2.67 1.10 1.00 2.000 2.94 0.86 - ABOVE G.W. ABOVE G.W. 0.00 9.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -4.433 0.00 1.50 0.000 0.000 0.00

11.0 spt 44 SM 16 n n 115 85 0 1300 62.26 1.15 1.14 1.00 0.85 1.42 1.30 60.93 69.2 3.6 73.85 0.99 0.59 1.901 2.17 1.10 1.00 2.000 2.39 0.86 - ABOVE G.W. ABOVE G.W. 0.00 11.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -3.639 0.00 1.50 0.000 0.000 0.00

13.0 spt 38 SP 4 n n 115 85 0 1530 73.28 1.15 1.09 1.00 0.85 1.42 1.30 52.62 57.3 0.0 57.26 0.98 0.59 1.897 1.83 1.10 1.00 2.000 2.01 0.86 - ABOVE G.W. ABOVE G.W. 0.00 13.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -2.190 0.00 -14.00 0.000 0.000 0.00

15.0 spt 49 SP-SM 5 n n 115 85 0 1760 84.29 1.15 1.05 1.00 0.85 1.42 1.30 67.85 71.2 0.0 71.16 0.98 0.59 1.826 1.62 1.06 1.00 2.000 1.71 0.86 - ABOVE G.W. ABOVE G.W. 0.00 15.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -3.399 0.00 -17.50 0.000 0.000 0.00

17.0 spt 42 SP-SM 5 n n 115 85 0 1990 95.31 1.15 1.02 1.00 0.95 1.42 1.30 65.00 66.0 0.0 66.01 0.98 0.58 1.763 1.41 1.02 1.00 2.000 1.44 0.86 - ABOVE G.W. ABOVE G.W. 0.00 17.00 NO, NOT LIQ. 2.0 0.05 1.30 0.00 0.00 0.00 -2.943 0.00 -18.00 0.000 0.000 0.00

19.0 spt 49 SP-SM 5 n n 115 85 0 2220 106.32 1.15 0.99 1.00 0.95 1.42 1.30 75.84 74.8 0.0 74.82 0.97 0.58 1.707 1.28 0.99 1.00 2.000 1.26 0.86 - ABOVE G.W. ABOVE G.W. 0.00 19.00 NO, NOT LIQ. 6.0 0.05 1.30 0.00 0.00 0.00 -3.726 0.00 -19.50 0.000 0.000 0.00

25.0 spt 39 SP-SM 9 n n 115 85 312 2598 124.43 1.15 0.95 1.00 0.95 1.42 1.30 60.36 57.1 0.7 58.07 0.96 0.64 1.627 1.08 0.94 1.00 2.000 1.02 0.86 - 2.000 NO, NOT LIQ. 2.00 25.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -2.259 0.00 1.50 0.000 0.000 0.00

30.0 spt 45 SP-SM 5 n n 115 85 624 2861 137.02 1.15 0.92 1.00 0.95 1.42 1.30 69.65 64.3 0.0 64.28 0.94 0.69 1.578 0.99 0.91 1.00 2.000 0.90 0.86 - 2.000 NO, NOT LIQ. 2.00 30.00 NO, NOT LIQ. 5.0 0.05 0.00 0.00 0.00 0.00 -2.792 0.00 1.50 0.000 0.000 0.00

35.0 spt 50 SP-SM 5 n n 115 85 936 3124 149.62 1.15 0.90 1.00 1.00 1.42 1.30 81.46 73.5 0.0 73.46 0.93 0.72 1.533 0.91 0.89 1.00 2.000 0.81 0.86 - 2.000 NO, NOT LIQ. 2.00 35.00 NO, NOT LIQ. 3.0 0.05 0.00 0.00 0.00 0.00 -3.604 0.00 1.50 0.000 0.000 0.00

AGS-18-015 South Ocean Beach Coastal Erosion and Wastewat
Boring Data Settlement Lateral Displacement 

Depth of boring (ft) LDI
Sloping Free Face

Depth to groundwater (ft)

Borehole diameter (in)

Liquefaction Settlement
Lateral Displacement Index 

and Settlement

SAMPLE 
DEPTH (feet) 

SAMPLE 
TYPE    

UNCORRECTED 
BLOW COUNT (SPT-

N)  (blows per foot) SOIL TYPE  PI Clay/Silt    

ESTIMATED 
FINES 

CONTENT 
(%)

SAMPLER 
LINER? 
Y=yes 
N=no  

N for
Fines 

Content  

PORE 
PRESSURE 

(psf)  

EFFECTIVE 
OVER- 

BURDEN 
(psf)

EFFECTIVE 
OVER- 

BURDEN 
(MPa)

CORRECTION FACTORS

 PENETRATION 
RESISTANCE

N60

MODIFIED 
PENETRATION 
RESISTANCE

(N1)60

Vertical 
Reconsol. 
Strain ev

Liquefaction  
Settlement (ft) 

Ishihara

MOD PEN RES 
ADJUSTED TO 
CLEAN SAND 

(N1)60CS

CRR
OVERBURDEN 
CORRECTION 

(Ks) FS SAMPLE 
DEPTH (feet) 

LIQUEFACTION 
POTENTIAL

Incl. chk against PI  
Soil Layer 

Thickness (ft)

Dynamic Vol. Strain  (%) Liquefaction  Settlement (ft)

DLDIi   (ft)
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This software is licensed to: AGS, Inc. CPT name: CPT-01

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:44 PM 2
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
15.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-01

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:44 PM 5
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
15.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-02

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:45 PM 23
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-02

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:45 PM 26
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-03A

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:48 PM 88
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
14.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-03A

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:48 PM 91
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
14.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-04

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:51 PM 165
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
14.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-04

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:51 PM 168
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
14.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-05

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:54 PM 232
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
12.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-05

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:54 PM 235
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
12.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-06

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:57 PM 284
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-06

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:57 PM 287
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-07

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:59 PM 325
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-07

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:40:59 PM 328
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-08

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:02 PM 392
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-08

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:02 PM 395
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-09

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:06 PM 433
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-09

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:06 PM 436
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-10

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:10 PM 500
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
20.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

20.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-10

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:10 PM 503
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
20.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

20.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-11

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:14 PM 567
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
39.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

39.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-11

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:14 PM 570
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
39.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

39.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-12

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:17 PM 610
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
44.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

44.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-12

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:17 PM 613
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
44.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

44.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-13

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:21 PM 674
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
64.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

64.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-13

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 7/22/2021, 3:41:21 PM 677
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\CLIQ for GIR\bluff level 0.252 PGA scenario for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
0.25
64.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

64.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-01

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:49 PM 2
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
15.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-01

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:49 PM 5
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
15.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

15.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-02

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:50 PM 9
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-02

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:50 PM 12
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-03A

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:52 PM 16
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
14.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-03A

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:52 PM 19
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
14.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-04

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:54 PM 23
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
14.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained

Exhibit 8 
2-21-0912 
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This software is licensed to: AGS, Inc. CPT name: CPT-04

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:54 PM 26
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
14.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

14.50 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-05

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:56 PM 30
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
12.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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2-21-0912 

Page 136 of 367



This software is licensed to: AGS, Inc. CPT name: CPT-05

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:56 PM 33
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
12.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

12.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-06

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:58 PM 37
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-06

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:25:58 PM 40
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-07

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:00 PM 44
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-07

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:00 PM 47
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk

Exhibit 8 
2-21-0912 

Page 141 of 367



This software is licensed to: AGS, Inc. CPT name: CPT-08

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:02 PM 51
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-08

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:02 PM 54
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-09

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:05 PM 58
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-09

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:05 PM 61
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
13.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

13.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-10

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:08 PM 65
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
20.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

20.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-10

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:08 PM 68
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
20.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

20.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-11

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:12 PM 72
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
39.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

39.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-11

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:12 PM 75
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
39.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

39.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-12

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:15 PM 79
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
44.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

44.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-12

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:15 PM 82
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
44.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

44.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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This software is licensed to: AGS, Inc. CPT name: CPT-13

C P T  b a s i c  i n t e r p r e t a t i o n  p l o

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:17 PM 86
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
64.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

64.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
clayey sand9. Very stiff fine grained
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This software is licensed to: AGS, Inc. CPT name: CPT-13

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t

CLiq v.2.1.6.11 - CPT Liquefaction Assessment Software - Report created on: 12/24/2020, 6:26:17 PM 89
Project file: Z:\AGS\project\2018\AGS-18-003 SFPUC Ocean Beach (JV Moffatt Nichol)\5_Calcs\CLIQ\72_yr_CPTs\PGA 1.02 for GIR 12.24.20.clq

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
8.05
1.02
64.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

64.00 ft
3
2.60
Based on SBT
No
N/A

N/A
Yes
Yes
Sands only
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy
Very likely to liquefy
Liquefaction and no liq. are equally likely
Unlike to liquefy
Almost certain it will not liquefy

Very high risk
High risk
Low risk
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Geotechnical Interpretive Report B-1 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

APPENDIX B

SOIL SPRING DATA
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Geotechnical Interpretive Report C-1 July 2021
South Ocean Beach Coastal Erosion and
Wastewater Infrastructure Protection

APPENDIX C

FLAC3D NUMERICAL ANALYSES TECHNICAL MEMORANDUM
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The site was previously reclaimed through placement of artificial fills in the early 1900’s. 
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foot thick “thin erosional remnant” at Ocean Beach in the project vicinity, and up to about
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Clyde’s Boring B
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represents AGS’s estimate 
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undisturbed soil samples, by Cooper Testing Laboratory, to evaluate soil’s compressive strength 
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(PSHA) was performed using the OpenSHA “Hazard Spectrum Application” version 1.7.0 (2018) 
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3D’s liner elements. 
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tunnel’s lining
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“ ”

“

evaluated”. (FLAC3D Manual)
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(E) 14' Ø ID

(E) 14' Ø ID TUNNEL
BEGIN (E) 14' Ø ID TUNNEL
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Appendix B 

 NUMERICAL  SIMULATION RESULTS FOR NORTH REACH
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Appendix C 

 NUMERICAL  SIMULATION RESULTS FOR EQR
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List of Required Construction Best Management Practices (BMPs) 

SFPUC Ocean Beach Armoring 

Standard Construction Measure (SCM) 7. Biological Resources: All project sites and the 
immediate surrounding area will be screened to determine whether biological resources may be 
affected by construction. A qualified biologist will also carry out a survey of the project site, as 
appropriate, to note the general resources and identify whether habitat for special-status species 
and/or migratory birds, are present. In the event further investigation is necessary, the SFPUC will 
comply with all local, State, and federal requirements for surveys, analysis, and protection of 
biological resources (e.g., Migratory Bird Treaty Act, federal and State Endangered Species Acts, 
etc.). If necessary, measures will be implemented to protect biological resources, such as installing 
wildlife exclusion fencing, establishing work buffer zones, installing bird deterrents, monitoring by a 
qualified biologist, and other such measures. If tree removal is required, the SFPUC would comply 
with any applicable tree protection ordinance.  

Mitigation Measure M-BI-2a: Nesting Bank Swallow Protection Measures. This measure applies 
to construction activities and small sand placements. Nesting bank swallows, their eggs and their 
nests, and their young shall be protected during construction and during sand placement events 
through the implementation of the following measures:  

a) If construction or beach nourishment activities within 650 feet of the bluffs used by the Fort 
Funston bank swallow colony are conducted during bank swallow nesting season (nesting 
is from April 1 to August 1), a qualified wildlife biologist shall conduct preconstruction 
surveys for nesting bank swallow within seven days prior to the start of construction, beach 
nourishment activities, and prior to reinitiating construction at this location after any 
construction breaks of 14 days or more.  

b) If active bank swallow nest sites are located during the preconstruction nesting surveys, a 
650-foot no-disturbance buffer shall be established around the burrow nest site and all 
project work shall halt within the buffer until a qualified biologist determines the nest is no 
longer in use.  

 

Mitigation Measure M-BI-2b: Worker Environmental Awareness Program Training. This measure 
applies to construction activities and small sand placements. A project-specific Worker 
Environmental Awareness Program training shall be developed by a qualified biologist for the 
project and attended by all construction personnel prior to beginning on site work. As part of the 
training, brochures may be given to provide reference material to contractors. The training may be 
provided by the qualified biologist or by designated SFPUC staff trained by the biologist to provide 
this training, using the materials developed by the qualified biologist, and may be administered via 
a video-recorded training produced specifically for the project by a qualified biologist. A more in-
depth environmental training may be developed and provided for contractor supervisors in 
leadership roles. The environmental training shall generally include but not be limited to education 
about the following:  

Exhibit 9 
2-21-0912 

Page 1 of 3



 

a) Applicable state and federal laws, environmental regulations, project permit conditions, 
and penalties for non-compliance;  

b) Special-status species with potential to occur on or in the vicinity of the project sites, 
avoidance measures, and a protocol for encountering such species including a 
communication chain;  

c) Preconstruction surveys and biological monitoring requirements associated with each 
phase of work and at each project site as biological resources and protection measures will 
vary depending on project component location and the corresponding land managers (see 
f, below);  

d) Known sensitive resource areas in the project vicinity that are to be avoided and/or 
protected, as well as approved project work areas, access roads, and staging areas;  

e) Best management practices and their location at various project sites for erosion control 
and species exclusion, in addition to general housekeeping requirements; and  

f) Specific requirements sanctioned by the National Park Service (NPS) that the project must 
comply with while working on NPS-managed lands.  

 

Mitigation Measure M-BI-2c: Bank Swallow Educational Signage and Protective Fencing. During 
the construction period and prior to project completion, the SFPUC, with the oversight of the 
planning department, shall implement the following:  

a. Develop and produce one, permanent educational kiosk or signage to be installed in the Skyline 
coastal parking lot or along the multi-use trail. Educational content, sign design and structure shall 
be coordinated with the San Francisco Recreation and Parks Department and the National Park 
Service (NPS).  

b. Develop and produce semi-permanent educational signs that shall be installed on NPS property 
along bluff top access points at Fort Funston near the bank swallow nesting locations to alert the 
public of the sensitive nesting area. The SFPUC and NPS shall enter into an agreement for the one-
time development and production of the semi-permanent signs that the NPS shall install at its 
discretion as long as the bank swallow are listed as special-status and nesting within NPS-
managed lands.  

c. Install semi-permanent fencing at a setback from the bluff edge above suitable nesting habitat to 
restrict public access above sensitive nesting areas. The SFPUC and NPS shall enter into an 
agreement for the one-time development and production of the semi-permanent fencing that the 
NPS shall design and install at its discretion as long as the bank swallow are listed as special-status 
and nesting within NPS-managed lands.  
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Mitigation Measure M-BI-9: Avoidance and Minimization Measures for Special-Status Bats and 
Maternity Roosts. A qualified biologist experienced in the identification of special-status bats shall 
conduct a preconstruction survey for special-status bat species habitat in advance of any tree 
trimming or removal to identify signs of potential bat habitat, including maternity colonies and any 
active roost sites. Identified bat maternity colonies shall be avoided, if possible. Should potential 
maternity colonies or active bat roosts be found in trees but cannot be avoided, SFPUC shall ensure 
the following measures are implemented:  

a. Trim trees or install bat exclusion devices when bats are active, approximately between the 
periods of March 1 to April 15 and August 15 to October 15; outside of the bat maternity roosting 
season (approximately April 15 to August 15) if a maternity roost is present, and outside the months 
of winter torpor (approximately October 15 to February 28, or as determined by a qualified biologist 
experienced in the identification of special-status bats).  

b. If tree trimming is not feasible during the periods when bats are active, and bat roosts being used 
for maternity or hibernation purposes are found on or in the immediate vicinity of the tree trimming, 
a qualified biologist shall delineate a no-disturbance buffer around these roost sites until they are 
no longer in use as maternity or hibernation roosts or the young are capable of flight.  

c. Based on the professional opinion of a qualified biologist, buffer distances may be adjusted 
around roosts depending on the level of surrounding ambient activity (e.g., if the subject tree is 
adjacent to a busy road) or if an obstruction, such as a large sand dune, is within the line-of-sight 
between the roost and construction.  

d. A biologist experienced in the identification of special-status bats shall be present during tree 
trimming and removal if bat roosts are present. Project activities shall disturb trees with roosts only 
when no rain is occurring or is not forecast to occur for three days and when daytime temperatures 
are at least 50 degrees Fahrenheit.  

e. Under the supervision of the qualified biologist, trim trees containing or suspected to contain 
roost sites over two days. On the first day, branches and limbs not containing cavities or fissures in 
which bats could roost shall be cut using chainsaws. The following day, branches or limbs 
containing roost sites shall be trimmed with chainsaws, under the supervision of the biologist. 
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Land Valuation 

Address Lot Size (sq. ft.) Sale Price Sale Date Price/Sq. Ft. 
2630-2632 Great 
Highway 

2,688 $3,400,000 6/30/2023 $1,264.88 

2646-2648 Great 
Highway 

2,674 $1,750,000 5/2/2023 $654.45 

2554 Great Highway 2,988 $2,307,000 5/18/2022 $772.09 
2542 Great Highway 3,001 $926,000 2/28/2022 $308.56 
2538 Great Highway 2,996 $2,540,000 4/9/2021 $847.80 

Average Cost/Square Foot: $769.56 

Source: Zillow, March 2024 
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