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TYPICAL LANDFILL WELL MODIFICATION DETAIL
BRISBANE BAYLANDS LANDFILL

BRISBANE, CALIFORNIA

17270.000.002

AS SHOWN 9B

EXISTING VERTICAL LANDFILL GAS EXTRACTION WELL
NO SCALE

RAISED WELLHEAD TO FINAL HEIGHT
NO SCALE

BACKFILL WELLHEAD BEFORE CLOSURE
NO SCALE

COMPLETE CLOSURE AROUND WELLHEAD
NO SCALE

PLAN VIEW
ELEVATION VIEW

RAISED WELLHEAD SUPPORT
NO SCALE

'l= -'.Al'lJ 'i'i=LL 7lAL --
1 U I\Jt._ I I_:~ I 

,-- c'U;IC\/l l/ i, I I,'._, 
VERT C/,.L 
'i✓ -1 I 1-;\r; 

j HUl'l 
STA __ S'-'IFPO~:T - -­

:;-i,::,,_ SI\IC 0\/::::R Ci' 

' 

CLCSLh'l --;,A_Jt_ \\i 

u y,' AJ'/':il 111-IAI 

1-1 <I 11_: C: il HX'l 
','Jc' -1 ~I~l 
P _1'\CE -D,F'OF\ .~·, =.i--,il-

1 __ i\i-l? FIFI::-~;. 
SCH 

I I 
-- lllC PO- J'::.= 01 

( '1 I ~ _ [\] ;_·-

SLI=-' Ci\F 

.-- Vlei I '._LL 
_:\TEF 1.L F ='E 

I :::<T::IE,IC '-I 

'-- Tl R[, 

rJ,,C ,I I i 1- r; 
/JOI/FACT F'-R 

:=_os1._.=::E :::1;:=:::= 
;,.,-;:Jl..,.,I\U °'f/l_L IC. 
" __ U',/l_c'= Hll'._7I 

' 

J 

;l 
I, 

.. 

_- F'.EF _;/CE l<I. 1/'.FLC:X F 
Sf- 0 \'\-' I I\I c; ,:; IC I\I •0=: 1.-) =-
\i'J IL.R 

--✓ -R-ICAI 

LA,-E~AL 717[ 

lX I U- 'cil'.JI\ 

---- R, I ST<, 
[X'3TII:; ! './1lLL 7=AJ 

ENGE.O 
-Expect Excellence-

(~:c_;r\J\J=-C u l\ll\,\' 
_!,TEFIL 0\ aF DE 

iFF'I IC 'S: 1 

I1-IST,AI I II ,;_r'C!i.JS ,-,1-1 
e,c= DR [IFT w=LD =c= 
1---,._ C'._'.I\I I f-s:t.J_'. I U-;'(~· 
l ',iCF'.ETICl-1 E::_:,w 

(;fJD- i.-1? Cl C', Jc'~ 

_ / I 2" '!II Ii U I/ -,. _------~ 

t 
24' 

t 

SCALE 

JRAW\ B~: CC C-ECKEC BY: LC 

FIGU~E ~O. 

:R GINAL FIGURC PRl'HED lr1 COLOR 



TYPICAL LANDFILL GAS HEADER DETAILS
BRISBANE BAYLANDS LANDFILL

BRISBANE, CALIFORNIA

17270.000.002

AS SHOWN 9C

A A'

SECTION A-A'

HEADER CONNECTION

PLAN VIEW

NO SCALE
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PRELIMINARY DRAINAGE CONCEPT
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NOTES:

1) THE EXISTING GRADE USED FOR THIS
EARTHWORK  ANALYSIS IS BASED ON
THE AERIAL SURVEY DONE BY BKF
ENGINEERS IN 2021

2) ELEVATIONS SHOWN ARE BASED ON
THE NAVD 88 VERTICAL DATUM

EXPLANATION

DRAINAGE PATH

COLORED AREAS REPRESENT
INDIVIDUAL DRAINAGE MANAGEMENT
AREAS
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APPENDIX A

POST-CLOSURE MAINTENANCE INSPECTION LOGS

• 



POSTCLOSURE MAINTENANCE INSPECTION LOGS 

Brisbane Landfill 

San Mateo County, California 

 

 

Date:__________________________________ 

 

Inspector: ______________________________ 

 

Company:______________________________ 

 

 



 

17270.000.002 

TABLE 1: Hardscaped and Landscaped Cap Maintenance 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS (LOCATION, 
SEVERITY, DAMAGE 

DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Settlement  

Differential or general 
subsidence and surface 
water ponding (outside of 
wetlands or BMPs). Surface 
soils and pavements should 
be evaluated for cracking, 
sumps, or ponding.   

Geotechnical engineering 
evaluation should be performed 
by certified professional. For sag 
and ponding, repairs should be 
generally performed by exposing 
the low-hydraulic conductivity layer. 
For areas within the CCL, additional 
clay material in conformance with 
the specifications in this plan should 
be placed and compacted to restore 
the CCL. For areas within the GCL 
or geomembrane material, the GCL 
or geomembrane should be cut to 
expose the foundation layer and the 
foundation soil should be re-
established. The GCL or 
Geomembrane layer should be 
patched in accordance 
with manufacture recommendations. 
The erosion-resistant material 
should be restored upon 
completion. Alternatively, if the low-
hydraulic conductivity layer has 
not been compromised, sag and 
ponding repairs could be made by 
restoring the erosion-resistant layer 
to promote stormwater runoff and 
prevent ponding.  

   

Seepage  
Slopes should be evaluated 
to ensure subsurface 
drainage, above the final cap, 
is performing as specified. 

Geotechnical engineering 
evaluation should be performed 
by certified professional.  

   

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS (LOCATION, 
SEVERITY, DAMAGE 

DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Erosion  

Areas of where significant 
erosion may be occurring due 
to failed drainage, 
deteriorating erosion control 
measures, or significant 
storm event flow. Assess for 
animal burrow holes, 
specifically within wetland 
area.  

Additional erosion-resistant should 
be placed immediately to prevent 
the final cap exposure. Engineering 
evaluation may be required to 
address failed drainage or energy 
dissipation material. If erosion has 
advanced into the low-hydraulic 
conductivity layer, removal of 
additional erosion-resistant material 
may be necessary to inspect low-
hydraulic conductivity layer. If 
burrow animal holes consistently 
occur, inspection and control of the 
animal population may be required. 

   

Slope Failure 

Approximately 2:1 slopes will 
be constructed on portions of 
the Site. Slopes should be 
evaluated to ensure sliding or 
failure is not occurring.  

Geotechnical engineering 
evaluation should be performed 
by certified professional.  

   

Vegetation 

Vegetation should be 
evaluated to ensure a loss is 
not occurring. Landscaping 
shall be evaluated for surface 
coverage in vegetated areas 
and stress indications such 
as stunted growth, 
discolorations, and dead 
material. Stressed vegetation 
should be remediated as 
necessary.  

Replanting and vegetative 
maintenance should be 
performed as necessary to ensure 
soil cover. Causes of stress or 
limited coverage should be 
identified and remediated. 
Landscaping monitoring and 
maintenance parameters shall 
include weed control, reseeding, fire 
control, and rodent control.  

   

Exposed CCL or GCL  
CCL or GCL/Geomembrane 
is exposed due to soil 
erosion, severe weather, 
burrowing animals, etc.  

Visually assess for any defects or 
punctures or defect. If a puncture is 
identified in GCL, patch in 
accordance with manufacturer 
specifications. Additional compacted 
clay meeting the final cap 
engineered specifications may 
require replacement or 
addition. Add/replace erosion-
resistant material to maintain at 
least 12-inches above the cap. 

   

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS (LOCATION, 
SEVERITY, DAMAGE 

DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Punctured 
Geomembrane  

Small holes less than ¼-inch 
in diameter/maximum 
dimension  

Repair by extrusion welding using a 
bead of extruded material over the 
hole. This should ultimately defer to 
the selected manufacturer’s 
recommendations.  

   

Large holes greater than ¼ 
inch in diameter/maximum 
dimension  

Patch with geomembrane material 
at a minimum of 3 inches overlap 
beyond the edge of defect. This 
should ultimately defer to 
the selected manufacture’s 
recommendations. 

   

Irrigation Irrigation system is not 
working properly. 

Repair as needed and confirm 
irrigation system works properly and 
is distributing water evenly. 

   

 

  

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

TABLE 2: Leachate Management System 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Sump Pumps  
Sump pumps operations are 
impeded by damage, 
corrosion, fouling, and/or clogging.   

Sump pumps should be 
repaired or replaced as soon 
as possible following the 
manufacturer's 
recommendations. 

   

Air Compressor  
Air compressor is not functioning 
appropriately, due to leaks, 
corrosion, or damage.  

Compressor 
components should be 
repaired or replaced as soon 
as possible following the 
manufacturer's 
recommendations. 

   

Compressor Lines  
Compressor lines are leaking due 
to poor connections, cracking or 
degraded tubing, and/or physical 
damage.  

Compressor lines and 
connections should be 
repaired or replaced as soon 
as possible following the 
identification of issues. 

   

Valves  Valves are leaking or broken due to 
clogging, damage, or corrosion.  

Valves should be repaired or 
replaced as soon as possible 
following the identification of 
issues. 

   

Manholes/Sumps 

Manholes/sumps sustain structural 
damage or leakage is detected.   

Manholes/sumps should be 
repaired or replaced as soon 
as possible following the 
identification of issues. 

   

Low- or high-water levels in the 
manholes/sumps.  

A low-water level in the 
manholes/sumps may be 
indicative of the need for 
leachate piping cleaning or 
repaired. Leachate lines 
should be inspected to 
ensure proper function.   
  
A high-water level in the 
manholes/sumps may be 
indicative of pump problems. 
The pumps, compressor 
lines, and compressor should 
be inspected to ensure 
proper function. 

   

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Cleanout Piping  
Piping exhibits leaking, 
damage, fouling, clogging, and/or 
buildup of particulate matter on 
pipe walls.  

Piping should be cleaned, 
repaired, or replaced as soon 
as possible following the 
identification of issues. 

   

Leachate Piping  
Piping exhibits leaking, damage, 
fouling, clogging, and/or buildup of 
particulate matter on pipe walls.  

Piping should be cleaned, 
repaired, or replaced as soon 
as possible following the 
identification of issues.  
Large portions of leachate 
piping will likely be buried 
underground, so pressure 
monitors and piezometers 
should be used to identify 
pressure drops across 
sections of piping. Drops in 
pressure across a section of 
piping may be indicative of 
leaking or clogged piping.  

   
 

Conveyance Piping  
Piping exhibits leaking, damage, 
fouling, clogging, and/or buildup of 
particulate matter on pipe walls.  

Piping should be cleaned, 
repaired, or replaced as soon 
as possible following the 
identification of issues.  

   

Low-Permeability Cut-off 
Wall  

If exposed, the low-permeability 
cut-off wall should be inspected for 
signs of soil erosion, cracking, 
settlement, and damage caused 
from severe 
weather damage or burrowing 
animals.  

Sections of the low-
permeability cut-off wall 
should be repaired as soon 
as possible following the 
identification of issues.  

   

 

 

  

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

TABLE 3: Landfill Gas Extraction System 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

LFGES Piping and 
Wellhead Assemblies  

LFGES piping and wellhead 
assemblies shall be inspected for 
pipeline leaks, breakage, cracking, 
abnormalities, and/or 
deformations.   
  
Pipeline couplings, connections, 
and piping should be inspected. A 
gas odor, hissing sounds, elevated 
gas concentrations in surface air 
samples, and/or elevated oxygen 
readings in the collection system 
are evidence of leakage. 

LFGES piping and wellhead 
assemblies should be 
repaired or replaced as soon 
as possible following the 
identification of issues.  

   

Valves and Sample 
Ports  

The valves and sample ports 
should be inspected for damage or 
leakage.  
  

Valves and sample ports 
should be repaired or 
replaced as soon as possible 
following the identification of 
issues. 

   

Blower/Flare Station  

The blower and flare station 
components should be inspected 
and repaired in accordance with 
the manufacturer's 
recommendations.   
  
The destruction efficiency and 
other operational data for the 
LFGES shall be recorded 
continuously and/or regularly 
depending on the subject data. 

The blower and flare station 
components should be 
repaired or replaced as soon 
as possible following the 
identification of issues. 
Repairs and replacement of 
parts should be completed in 
accordance with the 
manufacturer's 
recommendations.  

   

Condensate Piping, 
Knockouts, and Traps  

Piping should be inspected for 
leaking, damage, fouling, clogging, 
and/or buildup of particulate matter 
on pipe walls.  

Piping exhibiting leaking, 
damage, fouling, clogging, 
and/or buildup of particulate 
matter on pipe walls should 
be cleaned, repaired, or 
replaced as soon as possible 
following the identification of 
issues. 

   

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Condensate Tank(s)  
Condensate tanks should be 
inspected for structural damage 
and leakage.  

Condensate tanks should be 
repaired or replaced as soon 
as possible following the 
identification of issues. 

   

Condensate Pumps  
The sump pumps should be 
inspected for damage, corrosion, 
fouling, and/or clogging.  
  

Sump pumps should be 
repaired or replaced as soon 
as possible following the 
identification of issues. 

   

LFGES Piping and 
Wellhead Assemblies  

LFGES piping and wellhead 
assemblies shall be inspected for 
pipeline leaks, breakage, cracking, 
abnormalities, and/or 
deformations.   
  
Pipeline couplings, connections, 
and piping should be inspected. A 
gas odor, hissing sounds, elevated 
gas concentrations in surface air 
samples, and/or elevated oxygen 
readings in the collection system 
are evidence of leakage. 

LFGES piping and wellhead 
assemblies should be 
repaired or replaced as soon 
as possible following the 
identification of issues.  

   

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

TABLE 4: Stormwater Management System 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, 

SEVERITY, DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Standing Water  

Temporary accumulation of water 
in the SWDS is anticipated. 
However, the SWDS will be 
designed to collect stormwater and 
route it to the 
proposed freshwater wetlands. 
Standing water in the SWDS 
components should be evaluated to 
ensure the components 
are functioning properly.  

Remove sediment 
at component inlets and outlets, 
as needed. Add vegetative soil to 
design elevation of soil. Rake, till, 
or amend with vegetative soil 
until infiltration rate is 
restored. Modification of 
components to ensure proper 
storage and transference of 
stormwater into SWDS 
components and then into the 
freshwater wetland.  

   

Downspouts and Inlets to 
Planters  

Flow to the facility is impeded, or 
downspouts are clogged, or pipes 
are damaged. Splash blocks and 
rocks in need of 
repair/replenishment.  

Repair or replace broken 
downspouts, inlets, piping, and 
curb cuts as needed, so that flow 
is conveyed efficiently in the 
manner specified by the system 
design.  
Repair, replace, or replenish 
splash blocks/cobbles, to protect 
soil from erosive flows at 
downspouts and inlets. Small 
amounts of silt and debris may 
be removed by buckets or fire 
hose flushing. Extensive clogging 
may require a vacuum pump or 
water jet spray.  

   

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, 

SEVERITY, DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Debris, Siltation, and/or 
Vegetation  

Appropriate flow to and from these 
systems is impeded by debris, 
siltation, and/or excessive 
vegetation.   
  

Remove any debris, silt, or other 
obstruction that is impeding the 
flow of stormwater in stormwater 
facilities, specifically the 
bioswales and bioretention 
basins.  
 
Excessive erosion, settlement, or 
damage to these systems should 
be repaired as soon as possible 
following the identification of 
issues. Erosion and sediment 
controls should be maintained 
(i.e., silt fences, straw bales, 
riprap).  
Loose material in eroded areas 
should be replaced with 
competent material sloped to 
match adjacent areas.   
Ponding in bioswales may 
require re-graded to establish 
proper drainage. 

   

Exposed 
geomembrane or clay 
cap  

Geomembrane or clay cap is 
exposed due to soil erosion, severe 
weather, burrowing animals, etc.  

Visually assess for any defects or 
punctures. If a puncture is 
identified, patch in accordance 
with manufacturer 
specifications. Replace vegetated 
soil layer and replant as 
necessary. 
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INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, 

SEVERITY, DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Settlement  

Differential or general subsidence 
and surface water 
ponding within the SWDS. Surface 
soils and pavements should be 
evaluated for cracking, sumps, or 
ponding.   

Geotechnical engineering 
evaluation should be performed 
by certified professional. Sag 
and ponding repairs could be 
made by restoring the erosion-
resistant layer to promote 
stormwater runoff and prevent 
ponding. The erosion-resistant 
material should be restored upon 
completion.   
 
If settlement has impacted the 
low-hydraulic conductivity layer, 
removal of additional erosion-
resistant material may be 
necessary to inspect low-
hydraulic conductivity layer.  

   

Seepage  
Slopes should be evaluated to 
ensure subsurface drainage, above 
the final cap, is performing as 
specified.  

Geotechnical engineering 
evaluation should be performed 
by certified professional.  

   

Erosion  

Areas of where significant erosion 
may be occurring due to failed 
drainage, deteriorating erosion 
control measures, or significant 
storm event flow. Assess for 
burrow animal 
holes within SWDS areas.  

Additional erosion-resistant 
should be placed immediately 
to ensure proper function of the 
SWDS components. Engineering 
evaluation may be required to 
address failed drainage or 
energy dissipation material. If 
erosion has advanced into the 
low-hydraulic conductivity layer, 
removal of additional erosion-
resistant material may be 
necessary to inspect low-
hydraulic conductivity layer. If 
burrow animal holes consistently 
occur, inspection and control of 
the animal population may be 
required. 
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INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, 

SEVERITY, DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Slope Failure  

Approximately 2:1 slopes will be 
constructed on portions of the Site. 
Slopes should be evaluated to 
ensure sliding or failure is not 
occurring.   

Geotechnical engineering 
evaluation should be performed 
by certified professional.  

   

Damage  
Stormwater conveyance systems 
and structures should be inspected 
for joint separation, invert failure 
and/or structural failure 

Replacement and/or repair of 
damage feature. Placement of 
sealants may be used.   
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TABLE 5: Groundwater and Leachate Monitoring Wells  

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Well Vaults, Caps, 
Casings, And Seals 

Monitoring wells should be 
inspected during monitoring events 
to ensure there has not been 
tampering, damage, or degradation 
of the well components. The will be 
visually inspected to ensure they 
are all in working order. 

Damage or severe degradation 
should be repaired as soon as 
possible following identification of 
a problem that impairs the 
normal operations of monitoring. 

   

 

  

------------ENGEO 
-Expect Excellence-



 

17270.000.002 

TABLE 6: Building Landfill Gas Intrusion Mitigation Systems 

INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

SSV System  

Rooftop ventilators should be 
observed periodically to confirm 
they are rotating.  
 

If ventilators are not rotating in a 
steady wind, competent service 
representative, who can access 
the rooftop ventilators, should be 
engaged to perform 
maintenance. 

   

The air intake vents at the building 
corners should periodically 
(annually) be inspected to verify 
that they remain open and are not 
plugged with debris or other 
material. 

Remove debris to re-open any 
air inlet that is plugged that 
would prevent the SSV system 
from operating. 

   

Penetration 
Flashing/Seals 

Penetration flashing/seals should 
be inspected to verify that they are 
properly sealed and are not 
damaged.  

Any leaks or damage should be 
promptly repaired to maintain 
system effectiveness 

   

Piping System  

The sub-slab piping system, 
including the perforated and non-
perforated vent piping, should not 
require maintenance under normal 
operating conditions. The riser pipe 
is within a structural chase and the 
discharge vent is exposed and 
could potentially be damaged or 
clogged over time. 

Any such clogging or damage 
should be promptly repaired to 
maintain system effectiveness.  

   

Sub-Slab Liner  

No ongoing maintenance is 
required for the liquid boot liner as 
long as it is not disturbed. The 
liners are installed beneath the slab 
of each building and are not easily 
accessed.  
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INSPECTION ITEM CONDITION MAINTENANCE REQUIRED 
ACTION 

REQUIRED? 
YES/NO 

COMMENTS 
(LOCATION, SEVERITY, 

DAMAGE 
DESCRIPTION) 

DATE OF REPAIR 
AND ACTION 

Riser Pipe Venting and 
Wine-Drive Turbine 

On an annual basis, a visual 
inspection of the above-roof 
portions of the venting riser pipe 
and wind-driven turbine will be 
performed. Roofs will be accessed 
via the interior of respective 
structures, if available. As an 
alternative, ladders and/or power 
lifts with appropriate fall protection 
equipment will be used to provide 
access to locations of inspections 
of above-roof system components. 
The turbine will be inspected to 
confirm it is able to rotate freely 
and is free of impediments (e.g., 
debris, nesting birds). 

Visible cracks, breaks, or other 
deterioration in the riser pipe, 
turbine, or connections will be 
repaired promptly by qualified 
personnel. 

   

Sub-Slab Pressure Port 
Sampling Stations  

The access hatch, whether wall-
mounted or flush ground-mounted, 
will be inspected to confirm that 
access impediments (structures, 
vegetation, etc.) are not present. 
The connection ports will be 
inspected to confirm they are in 
proper working order and maintain 
a proper connection to connected 
sampling and measuring 
equipment. 

Visible cracks, breaks, or other 
deterioration in the access hatch, 
connections, or related 
equipment/devices will be 
repaired promptly by qualified 
personnel. 
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FINAL LANDFILL CLOSURE GEOTECHNICAL REPORT 
 
Dear Mr. Daven:  
 
We prepared this geotechnical report in support of the final landfill closure of the Brisbane 
Baylands Landfill site in accordance with Title 27 of the California Code of Regulations and the 
Waste Discharge Requirements (WDRs) for the Brisbane Baylands Landfill. The main 
geotechnical concerns that we analyzed for their impact on the proposed landfill cover, the 
proposed landfill control systems, and the proposed site development include:  
 
 Seismic deformation of the landfill slopes. 
 Static settlement of compressible Young Bay Mud subjected to loading from future 

development. 
 Static settlement of the waste material from compression and degradation. 
 Variability and extent of non-engineered artificial fill/soil stockpile. 
 Seismic settlement of the existing fill and marine sand below the Young Bay Mud. 
 
These items and other geotechnical issues are discussed in this report and should be considered 
in the planning for the study area. If you have any questions or comments regarding this report, 
please call and we will be glad to discuss them with you. 
 
Sincerely, 
 
ENGEO Incorporated  
 
 
 
 
Siobhan O’Reilly-Shah, PE Leroy Chan, GE 
 
 
 
 
 
Jeff Fippin, GE 
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1.0 INTRODUCTION 
 
1.1 PURPOSE AND SCOPE 
 
We prepared this report as outlined in our agreement dated November 3, 2021. Baylands 
Development Inc. authorized us to conduct the following scope of services. 
 
 Review previous reports and data by other consultants listed in the Site References, available 

literature, historical aerial images, and published geologic maps covering the study area 
 Review existing subsurface field exploration and laboratory testing 
 Analyze and interpret the geological and geotechnical data 
 Prepare findings and discussions of the geotechnical hazard analyses pertinent to the landfill 

closure 
 Prepare geotechnical mitigation alternatives for the landfill closure with consideration of future 

site development 
 

We prepared this report for the exclusive use of Baylands Development Inc. and their consultants 
for design of this project. In the event that any changes are made in the character, design, or 
layout of the development, we must be contacted to review the conclusions and recommendations 
contained in this report to evaluate whether modifications are recommended.  
 
1.2 PROJECT LOCATION AND BACKGROUND 
 
The Baylands Landfill site is an approximately 350-acre former municipal landfill located west of 
Highway 101 in Brisbane, California. A site location map is presented as Figure 1. The project 
site was formerly part of the open water of the San Francisco Bay until the 1930s, when 
reclamation of the bay to create new land in the area of the Landfill site began. The railroad tracks 
that form the western limit of the site were constructed in the early 1910s. These tracks and 
associated right-of-way are currently administered by the Joint Powers Board (JPB) and Caltrain. 
The construction of Highway 101 (James Lick Highway) in the late 1950s set the eastern limit of 
the bay-filling activities and defined the eastern limit of the project site. Records indicate that the 
highway was constructed on fill material sourced from the nearby Candlestick Point area and San 
Bruno Mountain during the mid-1950s. A site plan is presented as Figure 2.  
 
We understand that the landfill is unlined and was in operation from the early 1930s until the 
landfill stopped accepting waste in 1967. In the early 2000s, the landfill site started receiving soil 
material as a soil recycling facility. This operation has led to various changes in the site 
topography over the years. An existing east-west drainage channel, Visitacion Creek, divides the 
Landfill site. The average current elevation of the ground surface across the site generally varies 
between Elevation 17 and 43 feet. Localized areas south of Visitacion Creek are occupied by 
taller soil stockpiles up to approximately Elevation 70 feet. 
 
1.3 PROJECT DESCRIPTION 
 
The Baylands Landfill site is part of the master plan Brisbane Baylands project. Future 
development at the site will be subjected to approval of the project Specific Plan. We understand 
the Landfill portion is proposed to be developed with commercial buildings up to four stories tall, 
open space, wetlands, energy generation facilities, and associated infrastructure. Prior to future 
site development, the closure of the landfill will involve construction of the landfill cover, landfill 
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gas collection and control system, and the leachate management system as outlined in the 
Closure and Post-Closure Maintenance Plan (CPCMP). The landfill gas collection, control system, 
and the leachate management system, herein, will be referred to as the landfill control systems. 
As part of the California Code of Regulations (CCR) Title 27 compliance, a vapor intrusion 
mitigation system (VIMS) is recommended underneath future buildings.  
 
The future site development comprises various development areas in accordance with the project 
phasing as illustrated in Exhibit 1.3-1.   
 
 EXHIBIT 1.3-1: Proposed Development Areas for Project Phasing 

 
 
The final grade at the major development areas designated for commercial/industrial (Area D) 
and solar field (Area E) is proposed to be approximately Elevation 50 feet. The Water Detention 
Area (OS-C) and Visitacion Creek (OS-D) will vary between approximately Elevation 0 and 
20 feet. The remaining areas around the perimeter of the site, including Lagoon Park (OS-G), Bay 
Trail (OS-E), Energy Storage (Areas D and G), Baylands Preserve (OS-F), Wastewater Treatment 
Facility (Area F), and Geneva Avenue extension (Area F), will have design grades between 
approximately Elevation 10 and 30 feet. 
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1.4 EIR MITGATION MEASURE COMPLIANCE 
 
We prepared this report to be in compliance with the Brisbane Baylands Development Final 
Environmental Impact Report (EIR) Mitigation Measure 4.E-2a. Sections 3.5, 4.2, and 5.0 are in 
compliance with Mitigation Measure 4.E-3, and Section 3.6 is in compliance with Mitigation 
Measures 4.E-4a and 4.E-4b. 
 
1.5 ELEVATION DATUM 
 
The elevation datum applied to the project is the North American Vertical Datum of 1988 
(NAVD88). Unless otherwise stated, the figures and data presented in this report reference 
elevations based on this datum.  
 
It should be noted that many of the previous reports refer to Mean Sea Level (MSL) datum based 
on the National Geodetic Vertical Datum of 1929 (NGVD29). At Brisbane Baylands, the following 
equation shows the general relationship between the datums. However, variation may exist as 
this is dependent on geographic location.  
 

NAVD88 = NGVD29 + 2.33 
 
1.6 EXISTING DATA 
 
The following geotechnical explorations were previously performed at the Landfill site between 
1977 and 2008.  
 
 John V. Lowney & Associates (1977), 22 borings between depths of 52 and 91 feet below 

ground surface (bgs) 

 Kleinfelder (1989), 3 borings between depths of approximately 61 to 81 feet bgs.  

 Geosyntec (2004), 8 borings between depths of 20 and 97 feet bgs 

 Geosyntec (2005), 6 borings between depths of 55 and 263 feet bgs and six cone penetration 
tests (CPTs) between depths of 15 and 62 feet bgs 

 Geosyntec (2008), 4 borings between depths of 125 and 269 feet bgs 
 
We reviewed, compiled, and used, as deemed appropriate, the previous data in preparation of 
this current report. The locations of the previous explorations are shown on Figure 2. The previous 
exploration logs are presented in Appendix D and the previous laboratory data is presented in 
Appendix E. 
 
In addition, a characterization of the top of the waste was performed by Burns & McDonnell 
Engineering Company (B&M) in 2001. This study included 40 shallow borings conducted by B&M 
and 38 shallow borings performed by Geosyntec. These explorations are shown on Figure 6, and 
the logs are presented in Appendix F. 
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2.0 FINDINGS 
 
2.1 REGIONAL GEOLOGY 
 
The site is in the western portion of the San Francisco Bay, which lies within the Coast Ranges 
geomorphic province. The northwesterly trend of ridges and valleys characteristic of the Coast 
Ranges are apparent in the hills due west of the site. The San Francisco Bay lies within a 
dropped-down crustal block bounded by the East Bay Hills and the Santa Cruz Mountains. The 
San Francisco Bay depression resulted from interaction between the major faults of the 
San Andreas Fault zone, particularly the Hayward and San Andreas faults located east and west 
of the bay, respectively (Atwater, 1979). 
 
The topography of the Coast Range on the San Francisco Peninsula is characterized by relatively 
rugged hills resulting mainly from east-west compression of coastal California during the late 
Pliocene and Pleistocene epochs (Norris and Webb, 1990). The site is underlain at depth by 
Jurassic- to Cretaceous-aged bedrock of the Franciscan complex, consisting of highly deformed 
and fractured sedimentary rocks. 
 
Quaternary sediments deposited on eroded Franciscan bedrock underlie the low-lying areas of 
the site vicinity. Sediment deposition within the pre-historic bay margin has been influenced by 
oscillating late-Quaternary sea levels that resulted from the advance and retreat of glaciers 
worldwide. The resulting sequence of alternating estuarine and terrestrial sediments correspond 
to high and low sea-level stands, respectively. Quaternary sediments in the plains landward of 
the bay are predominantly terrestrial. 
 
By late Pleistocene time, the high sea level associated with the Sangamon interglacial 
(125,000 years ago) resulted in deposition of the Yerba Buena Mud. Also known locally as “Old 
Bay Clay,” the Yerba Buena Mud was deposited in an estuarine environment similar in character 
and extent to the present bay. Sea level lowering associated with the onset of the Wisconsin 
glaciation exposed the bay floor and resulted in terrestrial sedimentation, such as the Colma 
Formation, on top of the Old Bay Clay. Sea level rose again starting roughly 20,000 years ago, 
fed by the melting of Wisconsin-age glaciers. The sea re-entered the Golden Gate about 
10,000 years ago (Atwater, 1979). Inundation of the present bay resulted in deposition of 
estuarine sediments, called Young Bay Mud, which continues to accumulate regionally within the 
present bay. 
 
Historical development of the San Francisco Bay shoreline resulted in placement of artificial fill 
material over substantial portions of modern estuaries, marshlands, tributaries, and creek beds in 
an effort to reclaim land (Nichols and Wright, 1971). The majority of the site is mapped as artificial 
fill (Qaf) by Bonilla (1998) as shown on Figure 3.  
 
2.2 SEISMICITY 
 
Because of the presence of multiple active faults, the Bay Area Region is considered seismically 
active. Numerous small earthquakes occur every year in the region, and large (greater than 
Moment Magnitude 7) earthquakes have been recorded and can be expected to occur in the future. 
Figure 4 shows the approximate location of active and potentially active faults and significant historic 
earthquake epicenters mapped within the San Francisco Bay Region. The California Geologic 
Survey (CGS) defines an active fault as one that has had surface displacement within Holocene 
time (about the last 11,700 years) (CGS, 2018). 

ENGEO 
Expect Excellence 



Baylands Development Inc. Brisbane Baylands Landfill 
17270.000.002 Final Landfill Closure Geotechnical Exploration 
 

  
 Page | 5  December 8, 2021 
  Latest Revision March 25, 2022 

The site is not located within a currently designated Alquist-Priolo Earthquake Fault Zone and no 
known surface expression of active faults is believed to exist within the site; therefore, fault rupture 
through the site is not anticipated. A trace of the City College Fault Zone is shown crossing the 
site on the Regional Geologic Map (Figure 3). This fault zone is considered not to have been 
active in the late quaternary and there is no seismicity associated with it (CGS, 2018); therefore, 
it is not considered active. 
 
The 2015 Working Group on California Earthquake Probabilities evaluated the 30-year probability 
of a Moment Magnitude 6.7 or greater earthquake occurring on the known active fault systems in 
the Bay Area in the Third Uniform California Earthquake Rupture Forecast (UCERF3). UCERF3 
estimated an overall probability of 72 percent for the Bay Area as a whole and a probability of 6.4 
for the Northern San Andreas fault, which is the closest active fault to the site. We describe the 
seismic-hazard analysis that we performed for the site in Section 3.6.2.1 
 
Based on the historical seismicity, the proximity of known active faults, and the estimated 
earthquake probabilities for the Bay Area as a whole, it should be expected that the site will 
experience strong seismic ground shaking during the lifetime of the proposed improvements. The 
ground shaking hazard levels at the site are similar to those for most of the Bay Area. 
 
The site is mapped in the current seismic hazard zonation with potential permanent ground 
displacements due to liquefaction based on the California Geologic Survey Seismic Hazard Zone 
Maps. This liquefaction susceptibility mapping is based on regional geologic mapping of soil and 
rock deposits and is not based on site-specific exploration or analyses. We performed detailed 
analysis of the liquefaction-induced settlement and provide the results in Section 3.5. 
 
2.3 HISTORICAL AERIAL PHOTOGRAPHS AND SITE HISTORY 
 
The Landfill site is formerly part of the San Francisco Bay. The site and the adjacent Baylands 
Railyard site have undergone land reclamation fill placement beyond the edge of the historical 
San Francisco Bay shoreline. We studied the historical placement activities at the site to 
understand the characteristics of the subsurface conditions underneath the site. Based on 
historical aerial photographs from 1930 to 2000, the following is a brief overview and timeline of 
development-related events at the site.  
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 EXHIBIT 2.3-1: Timeline of Development-Related Events at the Site 
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2.4 FIELD EXPLORATION AND LABORATORY TESTING 
 
Our field exploration included drilling two borings (1-B1 and 1-B2) and advancing six cone 
penetration tests (CPTs) (1-CPT02, 1-CPT03, 1-CPT04, 1-CPT05, 1-CPT06A, and 1-CPT06B) 
at various locations on the site. The locations of our 2021 explorations are shown on Figure 2. An 
explanation of our field exploration methods and the boring logs are presented in Appendix A and 
our CPT data is presented in Appendix B.  
 
2.4.1 Borings 
 
We performed two borings at the site between June 4 and June 11, 2021, to depths of 
approximately 117 and 140 feet bgs. The borings were drilled using the hollow-stem auger drilling 
method through the fill and the waste and the mud rotary wash drilling method below the waste. 
An engineer from our firm was present during the drilling to log the borings. The boring logs are 
presented in Appendix A.  
 
We obtained bulk soil samples from drill cuttings and retrieved disturbed and relatively 
“undisturbed” soil samples at various intervals in the borings using a 1½-inch-inside-diameter 
(I.D.) standard penetration test (SPT) sampler, 2½-inch I.D. California-type split-spoon sampler 
fitted with 6-inch-long steel liners, or a 3-inch-outside diameter (O.D.) thin-walled Shelby tube. In 
addition, we collected samples of the sand underlying the Young Bay Mud with a Dames & Moore 
piston sampler, which uses approximately 18-inch, thin-walled brass liners with an I.D. of 
2.4 inches. We drove the SPT and California-type samplers with a 140-pound auto trip hammer 
falling a distance of 30 inches. We field recorded the penetration of the SPT and California-type 
sampler into the soil material as the number of blows needed to drive the sampler 18 inches in 
6-inch increments. The boring logs show the number of blows counts for the last 12 inches the 
sampler was driven, and we have not corrected the blow counts reported on the logs using any 
correction factors.  
 
2.4.2 Cone Penetration Tests 
 
We retained the services of a subcontractor with a CPT rig to advance multiple CPTs at the project 
site between June 10 and June 14, 2021. Due to obstructions, we had difficulties penetrating the 
fill and waste. Where obstructions were encountered, we made several attempts to advance the 
CPT probe. Below is a summary of our CPT attempts and final depths. 
 
 1-CPT01A-C – three attempts that hit refusal between 3 and 8 feet bgs 

 1-CPT02 – one CPT to 100 feet bgs 

 1-CPT03 – one CPT to 90 feet bgs 

 1-CPT04A-B – one attempt that hit refusal at 44 feet bgs and one CPT that terminated at 
127 feet bgs due to alignment issues 

 1-CPT05A-E – four attempts that hit refusal between 16 and 24 feet bgs and one CPT that 
terminated at 137 feet bgs due to alignment issues 

 1-CPT06A-B – two attempts that hit refusal at approximately 55 feet bgs  
 
We performed the CPTs in general accordance with ASTM D-5778. Measurements include the 
tip resistance to penetration of the cone (Qc), the resistance of the surface sleeve (Fs), and pore 
pressure (U) (Robertson and Campanella, 1988). The CPT data is presented in Appendix B. 
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2.4.3 Laboratory Testing 
 
We collected select samples from our field exploration and transported them to our laboratory. 
The laboratory tests that we performed for this study are listed in Table 2.4.3-1. 
 
 TABLE 2.4.3-1: Laboratory Testing  
 

SOIL CHARACTERISTIC TESTING  
METHOD 

Natural Unit Weight  ASTM D7263 
Natural Moisture Content ASTM D2216 
Plasticity Index (PI) (Wet Method)  ASTM D4318 
Grain Size Distribution ASTM D1140 
Consolidation – Constant Rate of Strain  ASTM D4186 
Cyclic Simple Shear (CSS) ASTM D6528 
Triaxial Compression – Unconsolidated, Undrained (TXUU) ASTM D2850 

 
Our laboratory test results are presented in Appendix C, and select test results are presented on 
the boring logs in Appendix A. 
 
2.4.3.1 Cyclic Simple Shear (CSS) Testing 
 
We tested four samples from our exploration in cyclic simple shearing. In this test, a sample is 
consolidated to the effective pressure that simulates the predicted loading condition of the in-situ 
material. The specimen was consolidated with negligible applied horizontal shear stress ( ≈ 0). 
The sample is then subjected to undrained loading consisting of cycles of stress-controlled 
loading at a given amplitude. The magnitude of the loading is described by the Cyclic Stress Ratio 
(CSR), which for simple shear testing is defined as the half-amplitude horizontal shear stress 
divided by the vertical effective consolidation stress: 
 

𝐶𝑆𝑅 =  𝜏𝐻𝑜𝑟/𝜎′𝑉,𝑂 
 
We performed the tests in a “constant height” mode, wherein the vertical position of the top cap 
is rigidly locked immediately prior to the shearing portion of the test, such that specimen cannot 
change height during shearing (simulating undrained shear of a saturated specimen). In this 
situation, material that is prone to contracting or developing positive pore water pressure is 
observed to have the vertical deviatoric stress drop during shearing (which can be measured, 
since the load cell is beneath the clamping point on the load system). Such a decline in vertical 
stress in essentially a loss of confining stress, which combines with any positive pore pressures 
generated to reduce the effective stress during a test. Exhibit 3.4.3-1 shows our CSS device. 
 
The samples for this study were subjected to loading at CSR levels equal to 0.1, 0.2, and 0.3 
applied as a sinusoidal cycle with a frequency of 0.5 Hz. The CSS results in Appendix C show 
the time history of the shear stress and shear strain, the resulting hysteresis loop, and the 
post-cyclic vertical strain. We recorded data at a rate of 50 readings per second and included the 
shear load, shear deformation, vertical deformations, vertical deviatoric load, chamber pressure, 
and apparent changes in pore pressure. We used the results of this testing to calibrate the PM4 
sand layer in our finite element model as discussed in Section 3.6.2.  
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2.4.4 Horizontal-to-Vertical Spectral Ratio Testing 
 
We performed horizontal-to-vertical spectral ratio (HVSR) testing adjacent at two locations (1-HV1 
and 1-HV2) in order to estimate the fundamental shear wave resonant frequency (f0) or, 
equivalently, the fundamental period (T0) of the site (SESAME 2004). This testing involves placing 
a small, three-component seismometer at the ground surface and recording ambient vibrations 
for a period of approximately 1 hour. The ambient vibration recordings are used to calculate HVSR 
as a function of frequency. To calculate HVSR, we divided the full-time record at each location 
into 180-second time windows. We smoothed each window using the procedures discussed in 
Konno and Ohmachi (1998) and tapered the ends using a cosine taper with a width of 5 percent 
of the time window length. We chose the squared average of the Fourier Amplitude Spectra (FAS) 
of the north-south and east-west components to represent the average horizontal component. We 
then divided the average horizontal FAS by the vertical FAS to obtain HVSR. We logarithmically 
averaged the HVSR spectra from individual time windows at each location. We present the 
median HVSR curves of all time windows in Exhibit 2.4.4-1. 
 
EXHIBIT 2.4.4-1: Horizontal-to-Vertical Spectral Ratio Testing Results  

 
If a well-defined peak is present in the HVSR spectrum, this peak can be used to estimate f0 
(SESAME 2004). The results from 1-HV1 exhibit one dominant peak at 0.86 Hz, which we infer 
to be f0. The results from 1-HV2 exhibit two peaks at 0.62 and 0.86 Hz with similar amplitudes. 
When calibrating our ground-response analyses, we considered the highest amplitude peak at 
0.62 Hz to be associated with f0.  
 
2.5 SUBSURFACE CONDITIONS 
 
The majority of the site was mapped by Bonilla (1998) as being covered by artificial fill (Qaf) 
(Figure 3). Based on the explorations, the subsurface conditions at the project site from youngest 
to oldest are: (1) artificial fill and soil stockpiled from the soil recycling operation; (2) waste; 
(3) Holocene Bay Deposits consisting of Young Bay Mud and marine sand; (4) Pleistocene 
deposits comprising aeolian, alluvial, and marine deposits; and (5) Franciscan Bedrock. Seven 
subsurface Cross Sections (A-A’ through G-G’) showing idealized site geology are provided on 
Figures 5A and 5B. 
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2.5.1 Artificial Fill and Soil Stockpile (Non-Engineered Fill) 
 
The upper soil layer at the project site consists of soil stockpiled from the soil recycling operation. 
This layer is highly variable and ranges from sandy clay to gravel with sand, but the majority of 
the fill we encountered is silty clayey sand. Corrected blow counts from borings (N1,60) indicate 
that this material ranges from loose to very dense. The explorations encountered variable 
amounts of debris consisting of concrete, bricks, tires, steel, and wood, resulting in drilling 
resistance and isolated higher blow counts. Records regarding the placement and compaction of 
this material are not available, as such the fill should be considered non-engineered. 
 
The thickness of the fill is highly variable across the site. The current site elevation ranges from 
Elevation 15 to 70 feet primarily due to differing fill thickness. In general, the fill on the northern 
portion of the site, where the site elevation is lower, is relatively thin, ranging in thickness from 
3 to 5 feet. Fill up to 40 feet thick was encountered in borings on the southern portion of the site, 
but it is likely thicker in the areas of higher elevation.  
 
2.5.2 Waste 
 
The Brisbane Landfill is an unlined Class III Landfill. Based on the Waste Discharge Requirements 
from the California Regional Water Quality Control Board (RWQCB), it was used for the disposal 
of primarily non-hazardous solid wastes composed of domestic, industrial, and shipyard waste, 
sewage, and rubble. The waste material encountered in explorations included wood, paper, 
plastic, glass, wires, metals, and gravelly soil. Figure 6 presents contours of the top of waste 
elevation. The data for these contours comes primarily from the shallow borings from the study 
performed by B&M and Geosyntec in 2000. Settlement of the waste and underlying Young Bay 
Mud is ongoing and Figure 6 may not reflect the current elevation of the top of waste. Over the 
majority of the site, the thickness of the waste ranges between 25 and 30 feet. Figure 7 presents 
contours of the waste thickness across the site.   
 
In most of the explorations, the bottom of the waste layer is intermixed with the underlying Young 
Bay Mud. In the 1941 aerial photograph of the area, slope failures caused by rotated/subsided 
Young Bay Mud during waste placement can be seen. Such failures likely resulted in intermixing 
of the waste and Young Bay Mud, as well as creating isolated locations where the thickness of 
waste is irregular.  
 
2.5.3 Holocene Bay Deposits 
 
The Holocene Bay Deposits include intermixed soft to medium stiff clay and silt and loose to 
medium dense sand deposited by bay and intertidal activities. The Bay Deposits include zones of 
highly compressible clay, locally known as Young Bay Mud. The thickness of the Young Bay Mud 
generally increases away (east) from the former shoreline. There are two troughs of deeper 
Young Bay Mud in the southern portion of the site leading to the former drainage outlets of 
Visitacion Valley and Guadalupe Valley. Estimated elevation contours of the bottom of the Young 
Bay Mud deposits are shown on Figure 8, and the approximate thickness of the Young Bay Mud 
is shown on Figure 9. Laboratory testing and CPT data indicate that the Young Bay Mud has a 
shear strength varying from 450 to 1,000 pounds per square foot (psf) and is normally to slightly 
overconsolidated. In some areas of the site, the Bay Deposits include sandy soil strata underlying 
the Young Bay Mud. This layer is up to 10 feet thick and is loose to medium dense.  
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Our interpretations of laboratory tests indicate that the Young Bay Mud is normally consolidated 
with coefficient of consolidation ranging from 0.30 to 0.36. When subjected to new loads from fill 
or structures greater than the material has previously experienced, Young Bay Mud will undergo 
long-term consolidation resulting in settlement that could affect the planned improvements in the 
project area. Additionally, the sandy layers within the Bay Deposits may be susceptible to 
liquefaction during cyclic loading. Further discussion of the compressible/potentially liquefiable 
soil and recommended measures to reduce the risk of these on the proposed development are 
presented later in this report.  
 
2.5.4 Pleistocene Aeolian, Alluvial and Marine Deposits 
 
Below the Holocene Bay Deposits, the explorations encountered Pleistocene sand and clay that 
were deposited in aeolian, alluvial, and marine environments. The Pleistocene marine clay 
deposits are locally known as Old Bay Clay. The sand deposits range from greenish gray to 
orangish brown and are medium dense to dense. The Old Bay Clay ranges from greenish gray to 
olive brown and generally increases in strength with depth from approximately 1,100 to 3,500 psf. 
Old Bay Clay shear strength results from the 2004, 2005, and 2008 studies were as low as 
250 psf. Based on our considerable experience with Old Bay Clay, these are artificially low, 
possibly due to disturbance during sampling or transport. Old Bay Clay generally has similar 
consolidation properties as Young Bay Mud; however, it is only susceptible to settlement from 
higher loading conditions since it is overconsolidated. 
 
2.5.5 Jurassic- and Cretaceous-Age Franciscan Bedrock 
 
The Pleistocene deposits are underlain by Jurassic- and Cretaceous-age Franciscan bedrock that 
is generally composed of interbedded mélange matrix and siltstone/sandstone. The bedrock 
mapped by Bonilla (1964) ranges from Elevation 0 feet to -250 feet mean sea level across the 
project site, with the shallower bedrock being at the northern and southwestern extents of the site 
and the deepest bedrock in the middle. We show the contour map for the top of bedrock on 
Figure 10. The Franciscan bedrock typical of the area is friable to strong and severely weathered, 
consisting of Greenstone, Serpentinite, Siltstone, and Greywacke Sandstone. 
 
2.6 GROUNDWATER CONDITIONS 
 
There are a number of groundwater monitoring wells on the Landfill site and Geosyntec has been 
routinely performing monitoring of them. In Site Reference 6, Geosyntec modeled the current 
groundwater near the existing internal drainage channel and the lagoon edge as approximately 
Elevation 4 foot to 5 feet (NAVD 88 Datum), and generally as Elevation 7 to 9 feet (NAVD 88 
Datum) at the central portion of the landfill north of Visitacion Creek and varies from Elevation 4 
to 7 feet south (NAVD 88 Datum) of Visitacion Creek. Groundwater generally flows from the 
central area of the northern and southern portions of the Landfill site towards the landfill edge and 
the interior drainage channel. See Figure 3B of the CPCMP for an estimate of groundwater level 
contours by Geosyntec.   
 
Fluctuations in the level of groundwater may occur due to variations in tidal fluctuations from the 
San Francisco Bay, earthwork activities, rainfall, irrigation practice, and other factors not evident 
at the time measurements were made. Geosyntec performed modeling of the future groundwater 
levels accounting for 2100 Sea Level Rise projections and construction of the landfill leachate 
control system. Their model indicates a decrease of groundwater levels throughout majority of 
the Landfill whereas the groundwater levels are estimated to increase up to 1 feet along the 
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railroad tracks along the western boundary of the Landfill. For design and geotechnical evaluation, 
we recommend using a groundwater table of Elevation 10 feet. 
 
3.0 GEOLOGICAL AND GEOTECHNICAL HAZARDS 
 
From a geotechnical engineering viewpoint, the planned landfill cover and control systems 
required by CCR Title 27 and future site development are feasible. We evaluated the site with 
respect to known geologic and other hazards common to the greater San Francisco Bay Region. 
The primary hazards and the risks associated with these hazards with respect to the planned 
development are discussed in the following sections of this report. 
 
3.1 STATIC SETTLEMENT ANALYSIS 
 
The site is underlain by various materials that are subject to static settlement: the waste, Young 
Bay Mud, and Old Bay Clay. The waste will be subject to settlement due to various processes 
related to breakdown of the waste material as well as immediate settlement from compression of 
the items within the waste and any voids. The Young Bay Mud and Old Bay Clay are subject to 
consolidation settlement when new loads are applied that exceed the maximum past pressure 
experienced by the material as well as recompression from any new loading applied. We divided 
the site into 22 zones for settlement analysis based on the thickness of proposed new fill, waste, 
and Young Bay Mud. These zones are shown on Figure 11. Our static settlement analysis is 
presented in Appendix G. 
 
3.1.1 Consolidation Settlement  
 
The site is underlain by 20 to 65 feet of Young Bay Mud. The approximate thickness of the Young 
Bay Mud deposits is depicted on Figure 9. Young Bay Mud deposits are of particular concern since 
they are highly compressible and will be susceptible to significant settlement when subjected to 
additional loading. Placement of the waste from the 1932 to 1967 and the subsequent continuous 
soil recycling operation has subjected the Young Bay Mud to loading and settlement from primary 
consolidation. Future additional loading will induce continued settlement of this deposit. 
 
The amount of settlement of the Young Bay Mud depends on proposed loads, the thickness, and 
the stress history of the Young Bay Mud. The Young Bay Mud deposits in areas where there will 
be increased loading from raising site grades or placement of buildings, will experience additional 
consolidation settlement. If mitigation is not implemented, we estimate future settlement could be 
up to 35 inches and take over 50 years. In general, the average settlement across the site is 
approximately 20 inches if left unmitigated.  
 
The Old Bay Clay is considerably less compressible under the range of anticipated loads for the 
planned infrastructure improvements and raising of site grades. We calculated up to 3 inches of 
settlement in the Old Bay Clay. However, given the depth of this material, any settlement from the 
Old Bay Clay will manifest as general subsidence of the site rather than localized settlement. Future 
building loads may trigger consolidation of the Old Bay Clay if the foundations induce significant 
stress on this layer. The potential consolidated settlement of the Old Bay Clay due to the planned 
building loads should be evaluated during building design.  
 
Based on the total and differential settlement potential, we recommend mitigation of the 
compressible Young Bay Mud through either surcharging or compensating for the planned loads 
with lightweight backfill, as discussed in Section 4.1. 

ENGEO 
Expect Excellence 



Baylands Development Inc. Brisbane Baylands Landfill 
17270.000.002 Final Landfill Closure Geotechnical Exploration 
 

  
 Page | 13  December 8, 2021 
  Latest Revision March 25, 2022 

3.1.2 Waste Settlement  
 
The Landfill site is underlain by 15 to 35 feet of waste that was placed in various sequences 
between the 1930s and 1960s. Contours of the top of waste elevation and the waste thickness 
are provided on Figures 6 and 7. Figure 12 shows the approximate timeline for infilling of various 
parts of the landfill. The waste will continue to settle over time due to various processes. According 
to Sharma and De (2007), these processes are:  
 
1. Physical and mechanical processes (reorientation of particles, movement of the fine material 

into larger voids, and collapse of void spaces). 
 

2. Chemical processes (corrosion, combustion, and oxidation). 
 

3. Dissolution processes (dissolving soluble substances by percolating liquids and forming 
leachate). 
 

4. Biological decomposition of organics. 
 
These four processes combined constitute both primary and secondary consolidation processes. 
The primary consolidation of waste as a result of these processes is generally assumed to occur 
over a short time span (less than a year). We have not accounted for primary settlement in our 
analysis since the surcharge program for pre-consolidation of the Young Bay Mud will be 
implemented prior to construction of the landfill closure systems and site development; the 
surcharge program will drive primary settlement of the waste so that it occurs prior to 
development. The surcharge program is discussed further in Section 4.1.1. 
 
We used the method proposed by Sharma and De (2007) to estimate the potential secondary 
settlement of the waste. In 2008, Geosyntec implemented a test surcharge settlement program 
to study the settlement characteristics of the waste at the site (Site Reference 2). Two test 
surcharge pads were constructed at the site representing different time sequences of waste 
placement as summarized in Table 3.1.2-1. 
 

TABLE 3.1.2-1: Waste Test Pad 

LOCATION PLACEMENT TIME 
Tunnel Avenue Pad 1931 to 1935 

Channel Pad 1955 to 1956 
 
Settlement of these test surcharge pads was monitored from 2008 until 2013 (Site Reference 2) 
and then again in 2017 (Site Reference 3). Based on the data from this monitoring, we estimated 
the secondary settlement coefficients for each area. Data published by Sharma and De (2007) 
provides guidelines for estimating the secondary settlement coefficients for waste. We considered 
the values shown in Table 3.1.2-2 in performing our analysis as described below.  
 
TABLE 3.1.2-2: Waste Secondary Settlement Coefficients  

SECONDARY 
COEFFICENT TUNNEL AVENUE PAD  CHANNEL PAD FROM PUBLISHED 

LITERATURE 
C (self-weight) 0.17 0.25 0.30 

C (external load) 0.01 0.01 0.01 
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We estimated the sequence and timeline of waste placement at the project site from published 
aerial photographs, as shown on Figure 12. Based on this timeline, we decided where to use the 
various secondary coefficients. The locations where we applied each of the various secondary 
coefficients are shown in Table 3.1.2-3. 
 
TABLE 3.1.2-3: Waste Secondary Settlement Coefficient Zones 

SECONDARY COEFFICIENT USED 
WASTE SEQUENCE SETTLEMENT  

ZONE(S)* C (SELF-WEIGHT) C (EXTERNAL LOAD) 
0.17 0.01 1931 to 1935 1 
0.25 0.01 1935 to 1956 2 through 15 
0.30 0.01 After 1956 15 thought 22 

*Settlement zones are shown on Figure 11 
 
For our waste settlement analysis, we considered a timeline of 50 years after landfill closure, 
which is estimated to occur in 2029. Based on our analysis, within the studied timeline of 50 years, 
the settlement for self-weight at the site ranges between 11 and 26 inches, and the settlement 
due to external loads ranges from 1 to 10 inches in that same time frame. The total combined 
settlement of the waste is estimated to range between 11 to 36 inches.  
 
The larger settlement estimates are from the southern portion of the site and areas of thickest 
waste layer where there is a lack of data for us to fine tune the settlement estimate. In addition, 
organic waste decomposes through aerobic and subsequent anaerobic processes producing 
landfill gasses. According to ongoing landfill gas monitoring records, methane generated at the 
site has been decreasing. A correlation between methane generation and long-term settlement 
of waste has been studied by Zekkos, et al. (2013). Initial discussion with Professor Dimitrios 
Zekkos of the University of California Berkeley suggests further study and correlation of the data 
is necessary to refine the settlement analysis. Once additional data is collected in future studies, 
we anticipate updating these settlement estimates. 
 
3.1.2.1 Post-Mitigation Waste Settlement 
 
As discussed in Zekkos et al. (2013) deep dynamic compaction (DDC) has been used to densify 
waste and reduce settlement of landfills for redevelopment. Based on this study, we used a DDC 
depth of improvement of 20 feet and a post-improvement secondary compression index ranging 
from 0.01 to 0.05 to estimate the potential post-improvement waste settlement. We estimate that 
the post-improvement settlement of the waste will be less than 24 inches. Contours of post-
improvement settlement are shown on Figure 13. We discuss waste settlement mitigation further 
in Section 4.3.  
 
In addition, the surcharge program recommended for the mitigation of Young Bay Mud 
consolidation settlement will further improve the waste at the site and reduce the post-construction 
settlement. However, there is limited published literature on quantifying the amount of potential 
settlement reduction.  
 
3.2 NON-ENGINEERED FILL 
 
Non-engineered fill over 40 feet thick is present at the project site from the soil recycling operation. 
Non-engineered fill can undergo excessive settlement, especially under loading from new fill 
and/or buildings. The geotechnical mitigation measures associated with reducing settlement of 
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the waste will require removal of the non-engineered fill material to the top of the waste, depending 
on the groundwater conditions. If the soil material is free of debris and deleterious matter, it may 
be reused as engineered fill at the site. We present non-engineered fill removal recommendations 
in Section 4.2.  
 
3.3 SEISMIC CRITERIA 
 
According to §20237 of CCR Title 27, Class III landfills shall be designed to withstand the 
Maximum Probable Earthquake (MPE) without damage to the foundation or to the structures 
which control leachate, surface drainage, or erosion, or gas. The MPE is defined as the “maximum 
earthquake that is likely to occur during a 100-year interval.” According to CCR Title 27, 
development of the MPE requires consideration of active faults within a 62-mile (100-kilometer) 
radius and probability of seismic activity, although a specific return period (i.e., probability of 
exceedance during the design life) is not specified. Additionally, CCR Title 27 states that the MPE 
is superseded by any more powerful seismic event that has occurred within historic time in area 
of interest. 
 
Based on the language in CCR Title 27, the MPE could be interpreted as an earthquake with a 
return period of 100 years. However, the requirement that the MPE be superseded by any more 
powerful seismic event within historic time indicates that the 1906 San Francisco Earthquake 
should also be considered in developing the MPE. Since the return period of the 1906 event 
exceeds 100 years, it governs for this project. Accordingly, we used the NGA West 2 Ground-
Motion Models (GMMs) to estimate the 50th percentile (i.e., lognormal mean) pseudo-spectral 
acceleration (PSa) response spectra for the 1906 event. Based on the definition of the MPE in 
CCR Title 27, we opine that this 50th percentile response spectrum meets the criteria for the MPE. 
Additionally, we also calculated the 84th percentile (lognormal mean plus one standard deviation) 
for reference. We considered a source-to-site distance of 9.3 miles (15 kilometers) and a moment 
magnitude (MW) of 7.9 in the GMMs. We calculated PSa at the top of the bedrock, as this was the 
input location of the ground motions used in our finite element seismic slope deformation analyses 
(Section 3.6.2). We show the 50th and 84th percentile response spectra in Exhibit 3.3-1. We also 
show the Uniform Hazard Response Spectrum (UHS) associated with a 100-year return period.  
 
As described in Section 3.6.2.1, we developed a median component bedrock-level Design 
Earthquake (DE) response spectrum in accordance with the 2019 California Building Code and 
ASCE 7-16 standard. This DE is the seismic criteria for the evaluating slope stability for future 
development at the site. As shown in Exhibit 3.3-1, the DE significantly exceeds the 50th percentile 
response spectrum for the 1906 event. Additionally, the DE is within less than 10 percent of the 
84th percentile response spectrum. Accordingly, we opine that the DE exceeds the requirements 
of the MPE. Therefore, we performed our slope stability analyses at the DE-level, as this seismic 
criteria exceeds the landfill closure requirements and governs for future development. 
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EXHIBIT 3.3-1: Response spectra considered in development of MPE response spectrum  

 
3.4 SEISMIC HAZARDS 
 
Potential seismic hazards resulting from a design earthquake at the project site include ground 
rupture (surface faulting), ground shaking, ground lurching, liquefaction, lateral spreading, and 
seismic slope deformation. The following sections present a discussion of these hazards. 
Liquefaction and lateral spreading are discussed in Section 3.5, and seismic slope deformation is 
discussed in Section 3.6. 
 
3.4.1 Ground Rupture  
 
Since there are no known active faults crossing the property and the site is not located within an 
Earthquake Fault Special Study Zone, ground rupture is unlikely at the project site.  
 
3.4.2 Ground Shaking 
 
An earthquake of moderate to high magnitude generated within the San Francisco Bay region 
could cause considerable ground shaking at the site, similar to that which has occurred in the 
past. To mitigate the shaking effects, structures should be designed using sound engineering 
judgment and the 2019 CBC requirements, as a minimum. Seismic design provisions of current 
building codes generally prescribe minimum lateral forces, applied statically to the structure, 
combined with the gravity forces of dead-and-live loads. The code-prescribed lateral forces are 
generally considered to be substantially smaller than the comparable forces that would be 
associated with a major earthquake. Therefore, structures should be able to: (1) resist minor 
earthquakes without damage, (2) resist moderate earthquakes without structural damage but with 
some nonstructural damage, and (3) resist major earthquakes without collapse but with some 
structural as well as nonstructural damage. Conformance to the current building code 
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recommendations does not constitute any kind of guarantee that significant structural damage 
would not occur in the event of a maximum magnitude earthquake; however, it is reasonable to 
expect that a well-designed and well-constructed structure will not collapse or cause loss of life in 
a major earthquake (SEAOC, 1996).  
 
3.4.3 Ground Lurching  
 
Ground lurching is a result of the rolling motion imparted to the ground surface during energy 
released by an earthquake. Such rolling motion can cause ground cracks to form in weaker soil. 
The potential for the formation of these cracks is considered greater at contacts between deep 
alluvium and bedrock. Such an occurrence is possible at the site as in other locations in the San 
Francisco Bay region, but based on the site location, the offset will be minor.  
 
3.5 LIQUEFACTION ANALYSIS 
 
We prepared this section to be in compliance with the Brisbane Baylands Development Final EIR 
Mitigation Measure 4.E-3. 
 
Soil liquefaction results from loss of strength during cyclic loading, such as imposed by 
earthquakes. The soil most susceptible to liquefaction is clean, loose, saturated, uniformly graded 
fine sand below the groundwater table. In addition to liquefaction of sandy soil, fine-grained soil 
can also undergo “cyclic-softening” or strength loss as a result of cyclic loading. Since the 
stratigraphy at the project site includes clay layers, we considered this effect in our analyses. 
Dynamic-densification settlement of loose to medium-dense granular soil above the groundwater 
table, also known as dry-sand settlement, can also cause ground surface settlement with 
earthquake-induced vibrations. 
 
The existing non-engineered fill encountered at the site is predominantly sandy material that 
generally ranges from medium dense to very dense. Given the method of placement, portions of 
the fill are likely loose. Although fill below the water table was encountered in the explorations, 
there are very few blow counts of this material, since many of the explorations were focused on 
characterizing the material below the waste. We assume that much of the fill would be subject to 
liquefaction and cyclic densification during a design seismic event. Since we anticipate that the 
site will receive mitigation of other geotechnical hazards by implementation of ground 
improvement techniques that will require removal of majority of the undocumented fill, the 
remaining fill left in place to facilitate implementation of the ground improvement will have limited 
susceptibility to liquefaction.  
 
In addition, some explorations encountered a sand layer within the Holocene Bay Deposits 
beneath the Young Bay Mud. This material consists of medium dense gray sand. There are limited 
blow counts on this material since it was mostly sampled using a Shelby tube or Dames and 
Moore push sampler.  
 
Using the limited blow count data, we estimated liquefaction potential using the method developed 
by Idriss and Boulanger (2008). Based on this potential, we estimated the liquefaction-induced 
ground settlement using the methods by Ishiara & Yoshimine (1990) and Tokimatsu & Seed 
(1984). In addition, we analyzed the data from our CPTs to estimate both liquefaction potential 
and liquefaction-induced ground settlement using the software program Cliq, and the 
methodology published by Boulanger & Idriss (2014).  
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Cetin et al. (2009) recognized the effect of liquefaction on ground surface settlement decreases 
with the depth of the liquefiable material, and after a certain depth, the liquefaction of deeper 
layers has no effect of surface settlement. This paper states that “A weighting scheme, linearly 
decreasing with depth, inspired by the recommendations of Iwasaki et al. (1982), is considered in 
our analysis. Aside from the better model fit it produced, the rationale behind the use of a depth 
weighting factor is based on the following: (1) upward seepage, triggering void ratio redistribution, 
and resulting in unfavorably higher void ratios for the shallower sublayers of soil layers; 
(2) reduced induced shear stresses and number of shear stress cycles transmitted to deeper soil 
layers due to initial liquefaction of surficial layers; and (3) possible arching effects due to 
non-liquefied soil layers. All these may significantly reduce the contribution of volumetric 
settlement of deeper soil layers to the overall ground surface settlement. It is assumed that the 
contribution of layers to surface settlement diminishes as the depth of susceptible layer increases, 
and beyond a certain depth (zcr), settlement of an individual layer cannot be traced at the ground 
surface. After statistical assessments, the optimum value of this threshold depth was found to be 
18 m [59 feet].”  
 
We implemented the weighting factor in our analyses. The sand layer in the Holocene Bay 
Deposits at the site is much deeper than 59 feet below the anticipated finish grade of the proposed 
dev; therefore, the liquefaction of this deeper layer will not likely result in settlement that will 
manifest to the surface causing impacts to the landfill cover and the future site development. The 
results of our liquefaction analyses are attached as Appendix H.  
 
3.5.1 Liquefaction Settlement Analysis Conclusion 
 
As discussed above, a comprehensive analysis of the liquefaction and cyclic densification 
settlement of the exiting fill could not be performed for this study due to the lack of data; however, 
we estimate that if not mitigated, liquefaction and cyclic densification settlement of the fill material 
would be more than the landfill control systems, or the planned development could tolerate. We 
recommend removing and replacing the existing fill as discussed in Section 4.2.  
 
If the existing fill is removed and replaced, then we estimate that the remaining 
liquefaction-induced settlement from the sand below the Young Bay Mud will be negligible since 
this material is deeper than 59 feet below the planned site elevation. While settlement will be 
negligible at the ground surface, deep foundations penetrating through this layer may experience 
drag load. The depth of the liquefiable soil makes it impractical to mitigate with ground 
improvement technique. However, drag load from settlement around pile foundation is common 
and can be addressed in pile foundation design.  
 
3.5.2 Shallow Soil Liquefaction 
 
As discussed by Youd and Garris (1995), liquefiable soil that is not overlain by a sufficiently thick 
layer of soil that is not liquefiable is more prone to ground surface disruptions such as fissures 
and sand boils. Sand boils formed in portions of Alameda during the 1989 Loma Prieta 
Earthquake, though none are known to have formed at the project site. Building foundations 
bearing on shallow liquefiable soil could be subject to localized bearing capacity failures or 
excessive settlement due to ground loss. The thickness of non-liquefiable soil necessary to 
reduce this risk is a function of the thickness of the liquefiable soil layer below.  
 
Since the landfill closure will involve reworking of the site soil by replacing it with compacted 
engineered fill to Elevation 49 feet and 50 feet and the depth of the liquefiable sand is 40 to 90 feet 

ENGEO 
Expect Excellence 



Baylands Development Inc. Brisbane Baylands Landfill 
17270.000.002 Final Landfill Closure Geotechnical Exploration 
 

  
 Page | 19  December 8, 2021 
  Latest Revision March 25, 2022 

below the existing ground surface, we consider the risk of sand boils forming within the project 
footprint to be negligible.   
 
3.5.3 Cyclic Simple Shear Testing 
 
Although liquefaction-induced settlement of the sand beneath the Young Bay Mud will not affect 
the proposed landfill systems due to the depth, the loss of strength of the material could affect the 
global stability of the landfill during an earthquake. Therefore, we performed CSS testing 
(Section 2.4.3.1) on select samples of sand deposits beneath the Young Bay Mud recovered from 
our Dames and Moore samplers to more accurately assess the cyclic response of the fine-grained 
site soil. 
 
We performed CSS testing on fine-grained samples recovered at depths of approximately 60 feet 
below ground surface. Based on review of the CSS test results (Appendix C), the samples did not 
exhibit cyclic softening when subjected to cyclic stress ratios (CSRs) of 0.1 and 0.2. However, 
samples of the material experienced large shear strains after a couple cycles of loading when 
subjected to a CSR of 0.3. We used this data to calibrate the PM4 sand layer in our finite element 
model. We have a detailed discussion of this calibration in Section 3.6.2.2. 
 
3.5.4 Lateral Spreading 
 
Lateral spreading is a failure that causes soil to move toward a free face or down a gentle slope 
due to the pore-pressure build-up during liquefaction of an underlying saturated material. Lateral 
spreading often occurs along riverbanks and shorelines where loose, saturated sandy soil is 
commonly encountered at shallow depths.  
 
As discussed above, a likely continuous potentially liquefiable sand layer exists beneath the 
Young Bay Mud. However, this layer varies from 40 to 90 feet deep, well below the bottom of the 
adjacent San Francisco Bay at the shoreline along the eastern border of the Landfill. As such, the 
risk of liquefaction-induced lateral spreading is negligible.  
 
3.6 SLOPE DEFORMATION ANALYSES 
 
We prepared this section to be in compliance with the Brisbane Baylands Development Final EIR 
Mitigation Measures 4.E-4a and 4.E-4b.  
 
CCR Title 27 requires that the landfill CPCMP analyze the static and dynamic stability of the final 
cover and the landfill control systems. The elevation of the final cover at the project site will vary 
depending on proposed site use, utility locations, and building foundation penetrations. We 
anticipate that the elevation of the final cover will be lower at Visitacion Creek, the solar field, Bay 
Trail, and Lagoon Park. Whereas the final cover will be higher beneath buildings for sealing 
around foundation penetrations at Development Area D and F. Utilities will remain above the final 
cover where possible. The final grading of the final cover will be prepared as part of the final 
construction design drawings. 
 
As shown on our cross sections (Figures 5A and 5B), the elevation of the waste is much lower 
than the existing site grades and is at or below the surrounding grades. Therefore, the stability of 
the waste itself is not at risk at this site. Since the final cover and landfill control systems will 
generally be at relatively low elevations compared to the design grades, these are not at risk from 
slope deformation at the project site.  
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The post-closure site development could be subject to seismic deformation; therefore, we have 
performed our slope deformation analysis with the final site development grades, which is more 
conservative than the configuration with just the final cover. 
 
3.6.1 Analysis Approach 
 
To perform our slope deformation analysis, we created seven idealized cross sections across the 
project site. The locations of the cross sections are depicted on Figure 2 with the section details 
in Figures 5A and 5B. A topographic survey of the current site grades and the proposed finished 
grades of the development were provided by BKF, 2021. We used these conceptual plans as the 
basis of our slope stability analysis.  
 
To understand the seismic performance of the slopes around the perimeter of the site that will be 
constructed as part of the landfill closure and future site development, we performed seismic finite 
element analysis using the input ground-motion time histories described below on two cross 
sections (A-A’ and B-B’) that represent the most critical subsurface conditions at the site. The 
results of this analysis provide an in-depth understanding of the seismic behavior of the soil and 
the deformation risk. We then calibrated simplified limit-equilibrium slope stability analysis to the 
finite element results for these for these critical cross sections. Using this calibration, we 
performed simplified limit-equilibrium slope stability analysis to determine the slope deformation 
risk across the rest of the project site. 
 
3.6.2 Finite-Element Analysis 
 
In this section we describe the seismic finite-element analyses that we performed to evaluate the 
seismic slope deformation hazard for the project. First, we describe the development of the input 
ground-motion time histories and calibration of the material properties. Next, we describe the finite 
element modeling approach and parameters. We then summarize the results. We provide finite 
element analysis outputs in Appendix K.  
 
3.6.2.1 Seismic Input for Finite Element Model 
 
We performed a seismic-hazard analysis for the bedrock (base-of-profile) condition in order to 
develop a “target” response spectrum for use in ground-motion selection, scaling, and spectral 
matching. We then used these ground motions to perform one-dimensional ground-response 
analysis for calibration purposes and in our finite element analyses.  
 
Seismic-Hazard Analyses 
 
We performed our seismic-hazard analysis (SHA) in accordance with the 2019 California Building 
Code (2019 CBC). The 2019 CBC utilizes the seismic design criteria described in the 2016 
ASCE/SEI 7 Standard (ASCE 7-16). As discussed in Section 3.4, the Design Earthquake 
response spectrum exceeds the MPE criteria and is the criteria that we selected for evaluating 
the seismic slope deformation hazard. In our experience with neighboring projects in the San 
Francisco Bay Area, the DE will provide a more conservative assessment considering higher level 
provisions are required for design of projects with structures to safeguard public life safety.  
 
As discussed in Section 2.5, the site is underlain by Franciscan bedrock. Based on previous 
explorations at the site, we estimate that Franciscan bedrock is a depth of approximately 200 to 
260 feet below the ground surface at Cross Sections A-A’ and B-B’. We classified this bedrock as 
Site Class B per Chapter 20 of ASCE 7-16 based on measurements of shear-wave velocity (VS) 
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and subsurface data in proximity to the site. We completed the following tasks to develop the 
Maximum Considered Earthquake (MCE) and Design Earthquake (DE) response spectra for this 
site. 
 
 Perform probabilistic seismic-hazard analysis (PSHA) to develop a median-component 

(RotD50) response spectrum corresponding to a 2 percent probability of exceedance in 
50 years (2,475-year return period). 

 Perform deterministic seismic-hazard analysis (DSHA) to develop an 84th percentile RotD50 
response spectrum. 

 Compare the probabilistic and the deterministic response spectra to obtain the site-specific 
MCE response spectrum for the basement bedrock (base-of-profile) condition for the site. 

 Multiply the site-specific MCE response spectrum by two-thirds to obtain the site-specific DE 
spectrum for the base-of-profile condition for the site. 

 Compare the MCE and DE response spectra developed in the previous step with their 
corresponding 80 percent general response spectra to develop the recommended 
site-specific MCE and DE response spectra. 

 
We used four semi-empirical ground-motion models (GMMs) from the Next Generation 
Attenuation West 2 (NGA West 2) project in the seismic-hazard analysis for this project. These 
include Abrahamson et al. (2014), Boore et al. (2014), Campbell and Bozorgnia (2014), and Chiou 
and Youngs (2014). We performed our analysis using all four GMMs for a spectral damping of 
5 percent of critical damping. We used a logic-tree approach and assigned equal weight (0.25) to 
each of the four GMMs in our analysis. 
 
The ground-motion models incorporate “site parameters” to model how subsurface soil will amplify 
or attenuate ground motions as they propagate from deeper underlying basement bedrock. These 
site parameters include: 
 
 Time-averaged shear-wave velocity over the top 100 feet or 30 meters (VS30).  
 Depth at which the shear-wave velocity (VS) reaches 3,280 feet/sec or 1.0 kilometer/sec (z1.0). 
 Depth at which VS reaches 8,200 feet/sec or 2.5 kilometers/sec (z2.5). 
 
We estimated a bedrock VS30 based on VS data collected from other project sites underlain by 
similar Franciscan bedrock in close proximity to the site; these sites include San Francisco 
International Airport located approximately 1½ miles from the site. Based on our understanding 
of the local and regional geology, the bedrock material at our other considered sites is consistent 
with the basement bedrock at the project site. Accordingly, we estimated a VS30 value of 3,000 feet 
per second (ft/s) (914 meters second per second (m/s)) for the bedrock/base-of-profile condition 
for the site, which corresponds to Site Class B. 
 
We utilized the VS30-based relationships described in the NGA West 2 GMM references 
(Abrahamson et al., 2014; Cambell and Bozorgnia, 2014; Chiou and Youngs, 2014) to estimate 
z1.0 and z2.5. We used z1.0 values of 53 and 46 feet (16 and 14 meters) for the Abrahamson et al. 
(2014) and Chiou and Youngs (2014) GMMs, respectively, based on the suggested values in the 
associated references. Boore et al. (2014) recommends the same value as recommended by 
Chiou and Youngs (2014) in their GMM. Therefore, we used a z1.0 value of 46 feet in the BSSA 
GMM. We used a z2.5 value of 1,611 feet (491 meters) for the Campbell and Bozorgnia (2014) 
GMM. 
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We performed a probabilistic seismic-hazard analysis (PSHA) for the project site to develop a 
uniform hazard response spectrum (UHS) for a return period of 2,475 years. We used UCERF3, 
which is the most up-to-date rupture forecast model for the state of California and is required by 
ASCE 7-16. We calculated the seismic hazard using the standard methodology for 
seismic-hazard analysis (McGuire, 2004). The seismic-hazard calculations can be represented 
by the following equation, which is an application of the total-probability theorem. 
 

𝐻(𝑎) = ∑ 𝑣𝑖 ∬ 𝑃[𝐴 > 𝑎|𝑚, 𝑟] 𝑓𝑀𝑖(m)

𝑖

𝑓𝑅𝑖|𝑀𝑖(r, m)𝑑𝑟𝑑𝑚 

 
In this equation, the hazard H(a) is the annual frequency of earthquakes that produce a ground 
motion amplitude A higher than a. Amplitude A may represent peak ground acceleration, velocity, 
or it may represent spectral pseudo-spectral acceleration (PSa) at a given frequency. The 
summation in the equation shown extends over all sources (i.e., over all faults and areas). In the 
above equation, νi is the annual rate of earthquakes (with magnitude higher than some threshold 
Mi) in source i, and fMi (m) and fRi|Mi (r,m) are the probability density functions on magnitude and 
distance, respectively. P[A > a|m, r] is the probability that an earthquake of magnitude m at 
distance r produces a ground-motion amplitude A at the site that is greater than a. Seismic 
sources may be either faults or area sources; the specification of source geometries and the 
calculation of fRi|Mi, are performed differently for these two types of sources. 
 
We disaggregated the seismic hazard associated with the 2,475-year return period at the peak 
ground acceleration, and at spectral periods of 0.5, 2.0, and 5.0 seconds. These disaggregation 
results are presented in Appendix I. We summarize the dominant scenarios and their relative 
contributions to the hazard at each period in Table 3.6.2.1-1. These results represent sources 
contributing at least one percent to the seismic hazard at the site for the spectral periods considered 
and for the given return period. Gridded or areal sources are not presented. Bracketed numbers 
represent the UCERF3 subsection for a given fault. 
 
TABLE 3.6.2.1-1: Summary of Disaggregation Results for a 2,475-Year Return Period* 

SOURCE 
RRUP 

MW 
PERCENT CONTRIBUTION 

km miles PGA 0.5 SEC 2.0 SEC 5.0 SEC 
San Andreas (Peninsula) [10] 8.6 5.4 7.95 75.3 78.7 81.4 83.7 
San Gregorio (North) [5] 16.0 9.9 7.79 5.1 5.9 6.4 6.7 
Hayward (North) [0] 21.6 13.4 7.47 2.3 3.1 2.9 < 1.0 

*Based on USGS Unified Hazard Tool: Dynamic Conterminous U.S. 2014 (update) (v4.2.0) 
 
Per ASCE 7-16, performing the deterministic seismic-hazard analysis involves development of 
the 84th percentile (i.e., lognormal mean plus one standard deviation) response spectrum for a 
spectral damping ratio of 5 percent considering characteristic magnitudes of significant faults, 
without background seismicity; however, it is important to note that the definition of characteristic 
magnitude is ambiguous when using the UCERF3 model due to its complexity. Based on the 2020 
NEHRP Provisions, “scenario” earthquakes with significant contribution to the 2,475-year hazard 
should be used in lieu of “characteristic” earthquakes when performing deterministic analyses 
with UCERF3. We considered the sources presented in Table 3.6.2.1-1 to develop 84th percentile 
RotD50 DSHA response spectra. Per ASCE 7-16, we enveloped the results. The DSHA results 
are governed at all periods by the San Andreas (Peninsula) [0] scenario.  
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Structural design generally considers risk-targeted Maximum Considered Earthquake (MCER) 
response spectra. MCER response spectra are developed by applying maximum rotation factors 
and mapped risk factors to the RotD50 MCE response spectra; however, RotD50 MCE values 
are generally used, without the application of maximum-rotation or risk factors, in geotechnical 
analyses, including slope stability and liquefaction evaluations. Therefore, we did not apply 
mapped risk and maximum-rotation factors to the PSHA and DSHA response spectra for our 
slope stability analyses.  
 
Per Chapter 21 of ASCE 7-16, the MCE is controlled by the lesser of the 2,475-year UHS and the 
84th percentile deterministic response spectra. In accordance with Section 21.3 of ASCE 7-16, 
the MCE response spectrum is not permitted to be less than 80 percent of the general response 
spectrum (i.e., the code minimum) for the applicable site class. Since the code minimum is defined 
for the MCER response spectrum, we divided the code minimum by the period-dependent 
maximum rotation factors defined in Shahi and Baker (2014) in order to convert it to an associated 
MCE response spectrum. Note that we also compared the DSHA response spectrum against the 
equivalent RotD50 lower limit defined in Supplement 1 of ASCE 7-16. We considered these 
minimums and the PSHA and DSHA results described above to develop the base-of-profile MCE 
response spectrum. Per Section 21.3 of ASCE 7-16, we then calculated the DE response 
spectrum as two-thirds of the MCE. We present the base-of-profile MCE and DE response spectra 
in Exhibit 3.6.2.1-1 and Table 3.6.2.1-2. 
 
EXHIBIT 3.6.2.1-1: Site-Specific Base-of-Profile MCE and DE Response Spectra 
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 TABLE 3.6.2.1-2: Site-Specific, Base-of-Profile Bedrock MCE and DE Response Spectra 

PERIOD 
(seconds) 

PSEUDO-SPECTRAL ACCELERATION (g) 
MCE DE 

0.01 0.603 0.402 
0.02 0.619 0.413 
0.03 0.703 0.469 
0.05 0.937 0.624 

0.071 1.154 0.770 
0.072 1.163 0.775 
0.075 1.194 0.796 
0.10 1.328 0.885 
0.15 1.411 0.941 
0.20 1.326 0.884 
0.25 1.205 0.803 
0.30 1.095 0.730 

0.356 1.009 0.673 
0.36 1.003 0.669 
0.40 0.940 0.627 
0.50 0.819 0.546 
0.75 0.600 0.400 
1.0 0.463 0.308 
1.5 0.313 0.208 
2.0 0.237 0.158 
3.0 0.169 0.113 
4.0 0.135 0.090 
5.0 0.113 0.075 
7.5 0.070 0.046 
10.0 0.046 0.031 

 
Ground-Motion Selection, Scaling, and Matching 
 
We selected eleven horizontal ground-motion (GM) time histories for use in our ground-response 
analysis and dynamic slope deformation analysis. First, we selected eleven pairs of orthogonal, 
horizontal ground-motion time histories. We then rotated each pair to an appropriate orientation 
and performed “hybrid” scaling-matching as described below.  
 
When selecting GM time histories, we considered the disaggregation results (refer to 
Table 3.6.2.1-1 and Appendix I), including the dominant magnitudes, distances, and fault 
mechanisms. Additionally, we considered Arias Intensity (Ia), based on the Travasarou et al. 
(2003) and Foulser-Piggot and Stafford (2011) models, and significant duration (D5-95), based on 
the Abrahamson and Silva (1996) and Kempton and Stewart (2006) models. Based on the 
Hayden et al. (2014) criteria, we selected five ground motions with velocity pulses. 
 
We selected an appropriate component from each pair of GM time histories for use in subsequent 
analyses. Specifically, we resolved each pair of GM time histories into their non-redundant 
components (azimuths of 0 to 180 degrees). For those ground motions that do not contain a 
velocity pulse, we selected the azimuth that corresponds to the RotD50 PSa at the approximate 
softened period of the sliding mass. We assumed a softened period of 1.5 times the elastic period 
of the sliding mass (TS). We estimated a TS of approximately 0.75 second and a softened period 
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of 1.1 seconds. For the GMs with a velocity pulse, we selected the orientation that corresponds 
to the maximum component (RotD100) PSa at the softened period of the sliding mass. We also 
ensured that this component contained the velocity pulse. We provide a summary of the GM time 
histories that we selected in Table 3.6.2.1-3. 
 
We applied the “Hybrid Matching” approach for spectral modification (Mazzoni et al., 2012). The 
process involves scaling the ground motions, then applying small modifications through spectral 
matching. This approach preserves the variability of the ground-motion suite and ensures that the 
key features of each time history are preserved, including the presence of a velocity pulse. We 
performed the Hybrid Matching approach such that the mean of all individual response spectra is 
approximately equal to the target base-of-profile DE response spectrum. We used the spectral 
matching algorithm described by Al-Atik and Abrahamson (2010) as implemented in the EZ-Frisk 
v8.06 software. The response spectra for all ground motions are shown in Exhibit 3.6.2.1-2, along 
with the mean and target. We show the initial scaled and matched ground-motion time histories 
in Appendix J.  
 
TABLE 3.6.2.1-3: Properties of Scaled Ground-Motion Time Histories 

RSN EARTH-
QUAKE 

PULSE 
PERIOD 

(sec) 
MAG. 
(MW) 

RRUP 
(km) 

FAULT 
TYPE 

VS30 
(m/s) 

D5-95 
(sec) 

Azimuth 
(◦) 

INITIAL 
DE 

SCALE 
FACTOR 

Ia 
(m/s) 

PGA 
(g) 

PGV 
(cm) 

143 Tabas, Iran 6.19 7.35 2.1 Reverse 767 14.5 126 0.44 3.3 0.42 66.0 

285 Irpinia, 
Italy-01 1.71 6.90 8.2 Normal 650 16.8 122 1.67 1.2 0.31 52.6 

879 Landers 5.12 7.28 2.2 Strike 
Slip 1369 13.3 89 0.70 4.6 0.55 92.7 

1011 Northridge-
01 - 6.69 20.3 Reverse 1223 8.9 49 2.33 1.0 0.33 21.3 

1511 Chi-Chi, 
Taiwan 4.73 7.62 2.7 Reverse 

Oblique 615 29.0 16 0.77 2.5 0.25 49.0 

1549 Chi-Chi, 
Taiwan - 7.62 1.8 Reverse 

Oblique 511 31.0 177 0.67 3.0 0.42 29.3 

1633 Manjil, Iran - 7.37 12.6 Strike 
Slip 724 30.2 59 0.83 4.3 0.41 34.1 

1787 Hector 
Mine - 7.13 11.7 Strike 

Slip 726 11.2 87 0.89 1.6 0.31 32.8 

3548 Loma 
Prieta 1.57 6.93 5.0 Reverse 

Oblique 1070 4.7 42 0.57 0.8 0.26 55.2 

3954 Tottori, 
Japan - 6.61 15.6 Strike 

Slip 967 7.7 36 1.83 1.7 0.35 24.4 

5618 Iwate, 
Japan - 6.90 16.3 Reverse 826 21.5 23 1.43 2.8 0.39 32.5 
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EXHIBIT 3.6.2.1-2: Response Spectra for Matched Ground Motions 

 
One-Dimensional Ground-Response Analysis 
 
We performed one-dimensional (1D) ground-response analysis (GRA) to support our dynamic 
slope deformation analysis. Specifically, we performed 1D GRA for Cross Sections A-A’ and B-B’ 
in order to obtain “within” GM time histories at the top of bedrock. We then used these “within” 
GM time histories at the base of our finite element model, as described in Section 3.6.2.2. We 
describe critical aspects of the 1D GRA below. 
 
We relied on shear-wave velocity data that we collected from 1-CPT2 and 1-CPT5 to develop 
representative VS profiles for Cross Sections A-A’ and B-B’. For depths where VS data was not 
available, we extended the VS profiles to the estimated bedrock depth such that the theoretical 
elastic site period was consistent with the inferred site period from our HVSR data. Initially, we 
modeled the Pleistocene deposits with three layers that gradually increase in VS from 600 to 
800 ft/s to represent the Old Bay Clay. However, after further review of the geotechnical data, and 
based on the presence of dense sand interlayers at various depths, we found it more appropriate 
to model the Pleistocene deposits with a single composite VS of 800 ft/s.  
 
We show the VS data and idealized VS profiles in Exhibit 3.6.2.1-3. Note that these profiles 
represent the current condition, since we used these profiles to calibrate against the HVSR data, 
which is influenced by current grades. As described previously, additional fill will be placed to 
meet the proposed grades. We accounted for these final proposed grades in our finite element 
analyses. 
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EXHIBIT 3.6.2.1-3: Idealized Shear-Wave Velocity Profiles 

 
 
Non-linear modulus reduction (G/Gmax) and damping (D) curves are required for each soil layer 
considered in the site-response analysis. We assigned G/Gmax and D curves for the fill and 
granular Pleistocene deposits based on the confining pressure and material dependent 
relationships provided in Darendeli (2001). We assigned G/Gmax and D curves for the Young Bay 
Mud and Old Bay Clay based on data obtained from the same material at other sites 
(Vahdani et al., 2002). We assigned the G/Gmax and D curves for the waste material based on the 
generalized curves in Zekkos et al. (2011) for municipal solid waste with 62 to 76 percent less 
than 20 millimeters. We show representative G/Gmax and D curves in Exhibit 3.6.2.1-4.  
 
At large strains (greater than approximately 0.5 percent), the G/Gmax curves from empirical 
relationships are unbounded by laboratory measurements and can imply unrealistic shear 
strengths. Thus, when large strains are expected in the site-response analysis, it is necessary to 
adjust the large strain portions of the G/Gmax curves to account for the soil shear strength. 
Accordingly, we adjusted the high-strain G/Gmax values in all layers to reflect the estimated shear 
strength of the soil (Groholski et al., 2016). We estimated the shear strengths from the available 
exploration data.  
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EXHIBIT 3.6.2.1-4: (a) Modulus Reduction and (b) Damping Ratio Curves Used in 1D GRA 

 

 
We performed nonlinear (NL) site-response analyses in order to account for the degradation of soil 
stiffness and increase in damping with increasing strain levels. We used the General 
Quadratic/Hyperbolic (GQ/H) constitutive model, as implemented in DEEPSOIL v7.1 (Groholski et 
al. 2016; Hashash et al. 2017), to perform the NL analyses. Note that NL analyses are performed in 
the time domain and solve for the dynamic response of multi-degree-of-freedom systems subject to 
base excitation (Kim et al., 2016). Thus, the NL analyses did not directly use the G/Gmax and damping 
curves above. Rather, we calibrated the constitutive model parameters such that the nonlinear 
behavior implied by the G/Gmax and damping curves was captured.  
 
We extracted “within” GM time histories at the top of bedrock to input into our dynamic slope 
deformation analysis. We present comparisons between 1D GRA and the finite element model in 
the next section.  
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3.6.2.2 PLAXIS 2D Modeling 
 
We performed two-dimensional (2D) nonlinear, finite-element, dynamic slope deformation 
analyses on Cross Sections A-A’ and B-B’ using the computer program PLAXIS 2D, Version 21. 
 
Geometry, Boundary Conditions, and Input Ground Motions 
 
We specified the analysis input ground motions (refer to Section 3.6.2.1) at the base of the model. 
We used “within” type ground motions that we extracted from DEEPSOIL v7.1 in our analysis at 
the top of the Franciscan bedrock. We applied the ground motions as acceleration time histories 
in the horizontal direction, with the base fixed in the vertical direction. Consistent with “within” type 
ground motions, we used a rigid boundary condition at the base of the model. We defined the 
horizontal boundaries of the model as “free-field” to absorb incoming waves. 
  
We performed our analysis for each ground motion record in the positive and negative horizontal 
directions and averaged the deformations obtained from the two directions. This approach 
removes directional biases and corrects for sliding of the entire model, which is a potential 
outcome due to the nature of the modelling. 
 
Exhibit 3.6.2.2-1 shows the geometry and “connectivity plots,” or finite element meshing, for Cross 
Sections A-A’ and B-B’. In Appendix K, we provide connectivity plots with additional details 
including layer names and lateral and vertical dimensions. We optimized the mesh sizing with a 
sensitivity analysis in order to maintain both accuracy and mesh efficiency.  
 
EXHIBIT 3.6.2.2-1: Connectivity Plots for: 
(a) Cross Section A-A’  

 
 
(b) Cross Section B-B’ 

 
 
Constitutive Models 
 
We simulated the response of the soil and bedrock in our analysis using the Hardening Soil with 
Small Strains (HS-Small) and PM4Sand models. The HS-Small model is a modification of the 
Hardening Soil model that accounts for the increased stiffness of soil at small strains and its nonlinear 
degradation with increasing strain. The PM4Sand model PM4Sand is a stress-ratio controlled, critical 
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state compatible, bounding surface plasticity model for sand and other purely non-plastic granular 
soil. 
 
We used the HS-Small model to simulate the behavior of all existing fill and proposed engineered 
fill, Young Bay Mud, deeper layers of the marine sand, and Old Bay Deposits. For shallower layers 
of the marine sand that were generally found to be susceptible to liquefaction, we used the PM4Sand 
model calibrated against cyclic simple shear testing. Additionally, for ground motions that triggered 
liquefaction throughout large portions of the PM4Sand layer early in the time history, we switched to 
the HS-Small model and utilized a residual strength material to account for liquefaction-induced 
strength loss and to increase computational efficiency. We summarize the HS-Small and PM4Sand 
properties that we used in our analysis in Table 3.6.2.2-1. We developed these material properties 
based on our boring and CPT logs, laboratory testing, and geophysical testing at the site. 
 
Based on our laboratory testing, we assigned a dynamic undrained strength ratio (SU/’vo) of 0.36 to 
the Young Bay Mud. This strength ratio is approximately 20 percent higher than the static strength 
to account for rate effects and corresponds to a strength increase of approximately 17 psf per foot of 
depth. The onshore Young Bay Mud is stronger due to the higher in situ vertical effective stress. For 
the sand layers that we modeled with the HS-Small model and a post-liquefied shear strength, we 
assigned an undrained strength ratio of 0.2 based on Idriss and Boulanger (2008). We assumed 
similar strength ratios in the Old Bay Clay as the Young Bay Mud. The stress dependence of the 
stiffness of a material is a function of friction angle for the HS-Small model. In order to capture 
variations in stiffness over the thickness of each material, we developed representative cohesion and 
friction angles to capture the SU/’vo for each layer. We assigned a friction angle of 33 degrees to the 
waste material based on Kavazanjian et al. (1995).  
  
We selected the HS-Small parameters such that the hysteretic response under seismic loading is 
consistent with the modulus reduction and damping curves presented in Exhibit 3.6.2.1-4. We 
introduced Raleigh damping in each soil layer to capture the small-strain damping. The Raleigh 
damping parameters are summarized in Table 3.6.2.2-1.    
 
TABLE 3.6.2.2-1a: Hardening Soil with Small Strains Parameters Part 1 

PARAMETER SYMBOL FILL  
(SM) WASTE YBM – Upper 

(CH) 
Material Model  HS-small HS-small HS-small 
Drainage Type  Drained Drained Undrained (A) 
Unsaturated Unit Weight (pcf) unsat 125 100 110 
Saturated Unit Weight (pcf) sat 125 100 110 
Small Strain Shear Modulus 
(ksf) G0ref 2,184 497 419 

Nonlinearity Parameter 0.7 0.1 × 10-3 0.65 × 10-3 0.6 × 10-3 
Young's Modulus (ksf) E50ref 582 133 84 
Volumetric Stiffness (ksf) Eoedref 582 133 84 
Unloading-Reloading 
Modulus (ksf) Eurref 1,747 398 251 

Effect of Confining Stress m 0.5 0.5 0.5 
Cohesion (psf) c'ref 100 180 100 
Peak Friction Angle (°) ' 34 33 18 
Rayleigh Damping Parameter α 0.06258 0.06258 0.06258 
Rayleigh Damping Parameter β 0.6341 × 10-3 0.6341 × 10-3 0.6341 × 10-3 
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TABLE 3.6.2.2-1b: Hardening Soil with Small Strains Parameters Part 2 

PARAMETER SYMBOL YBM – LOWER 
(CH) 

YBM – OFFSHORE 
(CH) 

MARINE SAND – 
NON. LIQ. (SM) 

Material Model  HS-small HS-small HS-small 
Drainage Type  Undrained (A) Undrained (A) Drained 
Unsaturated Unit Weight (pcf) unsat 110 110 125 
Saturated Unit Weight (pcf) sat 110 110 125 
Small Strain Shear Modulus 
(ksf) G0ref 547 419 2,484 

Nonlinearity Parameter 0.7 0.6 × 10-3 0.6 × 10-3 0.22 × 10-3 
Young's Modulus (ksf) E50ref 109 84 353 
Volumetric Stiffness (ksf) Eoedref 109 84 353 
Unloading-Reloading 
Modulus (ksf) Eurref 328 251 1,060 

Effect of Confining Stress m 0.5 0.5 0.5 
Cohesion (psf) c'ref 100 50 3,000 
Peak Friction Angle (°) ' 18 15 15 
Rayleigh Damping Parameter α 0.06258 0.06258 0.06258 
Rayleigh Damping Parameter β 0.6341 × 10-3 0.6341 × 10-3 0.6341 × 10-3 

 
TABLE 3.6.2.2-1c: Hardening Soil with Small Strains Parameters Part 3 

PARAMETER SYMBOL MARINE SAND – 
RESIDUAL (SM) 

OBD 
(CH) FRANCISCAN  

Material Model  HS-small HS-small HS-small 
Drainage Type  Drained Undrained (A) Undrained (A) 
Unsaturated Unit Weight (pcf) unsat 125 110 135 
Saturated Unit Weight (pcf) sat 125 110 135 
Small Strain Shear Modulus 
(ksf) G0ref 349 2,186 16,770 

Nonlinearity Parameter 0.7 0.25 × 10-3 0.7 × 10-3 0.7 × 10-3 
Young's Modulus (ksf) E50ref 75 437 2,683 
Volumetric Stiffness (ksf) Eoedref 75 437 2,683 
Unloading-Reloading 
Modulus (ksf) Eurref 186 1,310 8,050 

Effect of Confining Stress m 0.5 0.5 0.5 
Cohesion (psf) c'ref 0 50 5,000 
Peak Friction Angle (°) ' 11.3 17.5 15 
Rayleigh Damping Parameter α 0.06258 0.06258 0.06258 
Rayleigh Damping Parameter β 0.6341 × 10-3 0.6341 × 10-3 0.6341 × 10-3 

 
TABLE 3.6.2.2-1d: PM4Sand Parameters 

PARAMETER SYMBOL MARINE SAND 
(SC) 

Material Model  PM4Sand 
Drainage Type  Undrained (A) 
Unsaturated Unit Weight (pcf) unsat 125 
Saturated Unit Weight (pcf) sat 125 
Relative Density DR0 0.666 
Shear Modulus Coefficient G0 1200 
Contraction Rate Parameter hp0 2.0 
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PARAMETER SYMBOL MARINE SAND 
(SC) 

Atmospheric Pressure (psf) pA 2116 
Maximum Void Ratio emax 0.8 
Minimum Void Ratio emin 0.3 
Bounding Surface Parameter nb 0.5 
Dilatancy Surface Parameter nd 0.1 
Critical State Friction Angle (°) cv 36 
Poisson’s Ratio ν 0.3 

Critical State Line Parameters 
Q 10 
R 1.5 

Post Shake Switch PostShake 0 
Rayleigh Damping Parameter α 0.06258 
Rayleigh Damping Parameter β 0.6341 x 10-3 

 

The PM4Sand constitutive model parameters are generally grouped into primary and secondary 
parameters. The primary parameters, which include relative density (DR0), shear modulus coefficient 
(G0), and contraction rate parameter (hp0), are considered to be the most important for model 
calibration. The secondary set of parameters may be set to the provided default values or modified 
by the user (Boulanger and Ziotopoulou, 2017). We estimated the relative density and shear modulus 
coefficient using our CPT and shear-wave velocity data, respectively. We then calibrated the 
contraction rate parameter against the results of our laboratory cyclic simple shear tests. For 
comparison purposes, we simulated a cyclic simple shear test using the PLAXIS SoilTest module in 
order to verify that the cyclic response of a single element reasonably matched our laboratory test 
results. Exhibit 3.6.2.2-2 shows the comparison of shear strain development versus time for a CSR 
of 0.20. While the simulated results show lower strains during the early stages of the loading, the 
simulated and laboratory tests show similar behavior at strains greater than approximately 2 percent.   
 
EXHIBIT 3.6.2.2-2: Comparison of Laboratory and Simulated CSS Tests 
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We calibrated the material properties used in the PLAXIS modelling by comparing acceleration 
response spectra developed from 1D GRA (Section 3.6.2.1) to the response spectra obtained 
from a 1D “free-field” PLAXIS model that we created for calibration purposes. After initially setting 
model parameters based on our field and laboratory data and consideration of appropriate 
modulus reduction and damping ratio curves, we calibrated the material properties in our 
numerical model to result in reasonable consistency between the DEEPSOIL and PLAXIS 
analyses. Exhibits 3.6.2.2-3 and 3.6.2.2-4 compare response spectra extracted from both models 
at the surface (i.e., in the engineered fill) and in the Young Bay Mud layers for ground motions 
RSN143 and RSN1011, respectively. 
 
EXHIBIT 3.6.2.2-3: Comparison of Response Spectra  

Obtained from DEEPSOIL and PLAXIS for RSN 143 

  
 

EXHIBIT 3.6.2.2-4:  Comparison of Response Spectra  
 Obtained from DEEPSOIL and PLAXIS for RSN 1011 
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3.6.2.3 PLAXIS Deformation Analysis Results 
 
We summarize the seismic slope deformations obtained from our finite element analyses below. 
 
We evaluated deformations relative to the top of the Old Bay Clay, as deeper deformations 
appeared to be related to lateral translation of the upper portion of the model rather than slope 
instability. Accurate modeling of this deeper movement requires an impractically large model. In 
our experience, slope stability analyses in the Bay Area generally are governed Young Bay Mud 
and potentially liquefiable material; therefore, we focused on these materials in our modeling.  
 
In Exhibit 3.6.2.3-1, we show the lateral deformation profile at an x-value of 1,250 feet in Cross 
Section A-A’, which corresponds to the top of the slope. On average, the maximum lateral 
deformation at this location is approximately ½ foot, with deformations decreasing with depth. In 
Exhibit 3.6.2.3-2, we show the lateral deformation profile at an x-value of 1,300 feet in Cross 
Section B-B’, which corresponds to the top of slope at that location. Lateral deformations are 
higher at this location, with an average maximum deformation of approximately one foot.  
 
We show the lateral deformations at the ground surface for Cross Sections A-A’ and B-B’ in 
Exhibits 3.6.2.3-3 and 3.6.2.3-4, respectively. We used these exhibits to develop our setback 
recommendations provided in Section 3.6.4. 
 
We provide additional finite element analysis outputs in Appendix K. 
 
EXHIBIT 3.6.2.3-1: Lateral Deformation Profiles for Section A-A’ at an x-value of 1,250 feet  
 (negative values indicate movement to the left in model) 
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EXHIBIT 3.6.2.3-2: Lateral Deformation Profiles for Section B-B’ at an x-value of 1,300 feet  
 (negative values indicate movement to the left in model) 

 
 
EXHIBIT 3.6.2.3-3: Lateral Deformations at the Ground Surface for Section A-A’  
 (negative values indicate movement to the left in model) 
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