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UPDATED GEOTECHNICAL INVESTIGATION 
SAUSALITO MARIN CITY SANITARY DISTRICT 
COLOMA PUMP STATION IMPROVEMENTS 
SAUSALITO, CALIFORNIA 
 

 
1.0 INTRODUCTION 

This report presents the results of our updated Geotechnical Investigation for the Sausalito Marin 
City Sanitary District’s (SMCSD) Coloma Pump Station Project in Sausalito, California.  The 
project site is located just south of the intersection of Coloma Street and Bridgeway, as shown on 
the Site Location Map, Figure 1.   
 
Our work was performed in accordance with our Agreement for Professional Services dated April 
11, 2017. The purpose of our Geotechnical Investigation was to explore subsurface conditions 
and to develop geotechnical criteria for design and construction of the pump station 
improvements.  The scope of our services includes: 
 

 Review of readily available geotechnical and geologic reference materials, including the 
preliminary geotechnical evaluation prepared by DCM Consulting, Inc. (DCM, 2014). 

 Exploration of subsurface conditions with two borings located within the general vicinity 
of the pump station. 

 Geotechnical laboratory testing to estimate pertinent engineering properties of the soils 
encountered during our exploration.  

 Environmental laboratory testing for volatile organic compounds, semi-volatile organic 
compounds, total petroleum hydrocarbons, CAM 17 metals and corrosivity.  

 Evaluation of relevant geologic hazards including seismic shaking, settlement, 
liquefaction and other hazards. 

 Preparing geotechnical recommendations and design criteria related to foundations, 
lateral pressures, temporary support of excavations, earthwork, trench backfill, new 
pavement sections, seismic design, and other geotechnical-related items. 

 Preparation of this report which summarizes our subsurface exploration and laboratory 
testing programs, evaluation of relevant geologic hazards, and geotechnical 
recommendations and design criteria. 

 
This report was completed under our Phase 2 services for the project.  Subsequent phases of 
work may include geotechnical plan review and observation and testing of geotechnical-related 
work items during construction. 
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2.0 PROJECT DESCRIPTION 

Based on our discussions with the project team and review of Preliminary Drawings (Carollo, 
2019), we understand the planned improvements generally consist of constructing a new pump 
station within the City of Sausalito right-of-way just south of Coloma Street.  The circular structure 
will be located largely within the footprint of the existing City of Sausalito’s Whiskey Springs Pump 
Station and will occupy an approximately 16-foot-diameter footprint with an invert depth of about 
26.5 feet below the existing ground surface. A new underground valve vault, electrical building 
and flow meter vault will be constructed south of the pump station with invert depths of about 7.5 
feet, 13 feet and 7 feet below grade, respectively. The planned improvements also include 
constructing a new transformer and generator pad adjacent to the new pump station. 
 
Other improvements are expected to include constructing new sewer pipelines and manholes 
which connect to the existing and proposed facilities.  Temporary shoring will be required to 
facilitate construction of the new underground improvements.  A new driveway will also be 
constructed along the western property boundary to provide access to the site from Coloma 
Street.  The proposed improvements are shown on the Site Plan, Figure 2.   
 
 

3.0 SITE CONDITIONS 

3.1 Regional Geology 

The project site lies within the Coast Ranges geomorphic province of California.  Regional 
topography within the Coast Ranges province is characterized by northwest-southeast trending 
mountain ridges and intervening valleys that parallel the major geologic structures, including the 
San Andreas Fault System.  The province is also generally characterized by abundant landsliding 
and erosion, owing in part to its typically high levels of precipitation and seismic activity.  
 
The oldest rocks in the region are the sedimentary, igneous, and metamorphic rocks of the 
Jurassic-Cretaceous age (190- to 65-million years old) Franciscan Complex. Within Marin County, 
a variety of sedimentary and volcanic rocks of Tertiary (1.8- to 65-million years old) and 
Quaternary (less than 1.8-million years old) age locally overlie the basement rocks of the 
Franciscan Complex.  Tectonic deformation and erosion during late Tertiary and Quaternary time 
(the last several million years) formed the prominent coastal ridges and intervening valleys typical 
of the Coast Ranges province.  The youngest geologic units in the region are Quaternary-age 
(last 1.8 million years) sedimentary deposits, including alluvial deposits which partially fill most of 
the valleys and colluvial deposits which typically blanket the lower portions of surrounding slopes. 
 
The project site is located within lower-lying terrain near the western margins of the San Francisco 
Bay. Regional geologic mapping by the California Division of Mines and Geology (CDMG, 1976) 
indicates the site is underlain by artificial fill over Bay Mud and is located just north of a mapped 
boundary between Bay Mud and colluvial soils.  Franciscan mélange is mapped near the base of 
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the hillside located several hundred feet south of the site. A Regional Geologic Map and 
descriptions of the mapped geologic units are shown on Figure 3. 
 
3.2 Seismicity 

The project site is located within the seismically active San Francisco Bay Area and will therefore 
experience the effects of future earthquakes.  Earthquakes are the product of the build-up and 
sudden release of strain along a “fault” or zone of weakness in the earth's crust.  Stored energy 
may be released as soon as it is generated or it may be accumulated and stored for long periods 
of time. Individual releases may be so small that they are detected only by sensitive instruments, 
or they may be violent enough to cause destruction over vast areas. 
 
Faults are seldom single cracks in the earth's crust but are typically comprised of localized shear 
zones which link together to form larger fault zones.  Within the Bay Area, faults are concentrated 
along the San Andreas Fault zone.  The movement between rock formations along either side of 
a fault may be horizontal, vertical, or a combination and is radiated outward in the form of energy 
waves.  The amplitude and frequency of earthquake ground motions partially depends on the 
material through which it is moving.  The earthquake force is transmitted through hard rock in 
short, rapid vibrations, while this energy becomes a long, high-amplitude motion when moving 
through soft ground materials, such as Bay Mud. 
 
An “active” fault is one that shows displacement within the last 11,000 years (i.e., Holocene) and 
has a reported average slip rate greater than 0.1 mm per year.  The California Division of Mines 
and Geology (1998) has mapped various active and inactive faults in the region.  These faults, 
defined as either California Building Code Source Type “A” or “B,” are shown in relation to the 
project site on the attached Active Fault Map, Figure 4.  The nearest known active faults to the 
site are the San Andreas and San Gregorio Faults located approximately 10.1 kilometers (6.3 
miles) and 13.6 kilometers (8.5 miles) southwest of the site, respectively. 
 
3.3 Surface Conditions 

The project area is located within the City of Sausalito right-of-way along the western side of 
Bridgeway, just south of the Coloma Street intersection.  The site is bordered to the east by 
Bridgeway, to the north by Coloma Street, to the south by public landscaped areas, and to the west 
by a private townhome development.  The ground surface is covered with grass, trees and 
sidewalks and an asphalt-paved driveway which is oriented roughly north/south along the western 
property boundary.  The site is gently sloping with surface elevations ranging from about 13 to 17 
feet1. 
 
The existing Whiskey Springs Pump Station is located within the proposed Coloma Pump Station 
footprint and will be removed as part of the planned improvements.  The concrete structure occupies 
an approximately 27-foot by 17-foot footprint and is embedded roughly 23 feet below grade with an 

                                                 
1 Elevation references correspond to NAVD88. 
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invert elevation of about – 5 feet.  A portable standby generator is located adjacent to the existing 
pump station within the asphalt-paved driveway.  A storm drain junction box is located near the 
north end of the site and receives flow from two 18-inch corrugated metal pipe storm drains aligned 
within Coloma Street.  The junction box discharges to a 53-inch by 83-inch elliptical concrete storm 
drain that extends northeast into the adjacent intersection.  Various other underground utilities exist 
within and around the project area, as shown on Figure 2. 
 
3.4 Site History 

In addition to available geotechnical and geologic reference information, we reviewed several 
historic topographic maps to assess site development history and changes in surface topography.  
The maps were obtained from the United States Geological Survey website and were recorded 
between 1895 and 2015 at a variety of scales.  The maps indicate the site is located within 
previous tidal marshlands which were filled prior to the 1950’s as part of reclamation and 
development of the surrounding shoreline areas.   
 
3.5 Field Exploration and Geotechnical Laboratory Testing 

We explored subsurface conditions near the proposed force main alignment on July 12, 2017 with 
two borings at the approximate locations shown on Figure 2.  The borings were excavated using 
track-mounted drilling equipment to approximate depths ranging from 16.5 to 26.5 feet below the 
ground surface.  The borings were logged by our Field Geologist and samples were obtained for 
classification and laboratory testing.  We prepared boring logs based on soil descriptions in the 
field, as well as visual examination and testing of the soil samples in our laboratory.  The boring 
logs are presented in Appendix A. 
 
Geotechnical laboratory testing of soil samples from the exploratory borings included 
determination of moisture content, dry density, unconfined compressive strength and the amount 
of material passing a No. 200 sieve.  The results of our laboratory tests are presented on the 
boring logs and our laboratory testing program is discussed in greater detail in Appendix A. 
 
3.6 Environmental Laboratory Testing 

We composited soil samples collected at various depths from Borings 1 and 2 and delivered them 
to Analytical Sciences of Petaluma, California.  The composite sample was tested for the 
presence of volatile organic compounds (VOC), semi-volatile organic compounds (SVOC), total 
petroleum hydrocarbons (TPH) and 17 metals identified by California Administrative Manual 
(CAM) as hazardous material when found to exceed a total threshold limit concentration (TTLC) 
or soluble threshold limit concentration (STLC) as specified by the California Code of Regulations 
(CCR), Title 22.  The results of the environmental laboratory testing are presented in Appendix B. 
 
While many of the CAM 17 metals were detected, the test results indicate the levels are below 
the TTLC.  The results of our CAM 17 and TPH testing are presented in Appendix B.  The results 
of our environmental testing indicate that onsite soils are generally not considered hazardous 
toxic waste in accordance with CAM regulations. 
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3.7 Subsurface Conditions and Groundwater 

Based on our field exploration, subsurface conditions are generally consistent with geologic 
mapping, and consist of artificial fill over Bay Mud with fill thickness at the boring locations ranging 
from about 9 to 10 feet.  The fill encountered in our borings is heterogeneous and contains variable 
amounts of clay, silt, sand, and gravel.  While not directly observed, the fill may also contain 
cobbles, boulders, wood, organic material, and other debris which could not be retrieved within 
the samples or detected by the relatively small diameter borings.  The Bay Mud encountered in 
our borings generally consists of very soft to soft silty clay of high plasticity.  
 
Groundwater was encountered in both borings at about 12 feet below ground surface.  Because 
the borings were not left open for an extended period of time, a stabilized depth to groundwater 
may not have been observed.  Groundwater elevations fluctuate seasonally and with changes in 
tidal elevations and higher groundwater levels may be present during periods of intense rainfall 
and/or high tide. 
 
A cursory search of the State Water Resources Control Board’s Geotracker website indicates that 
groundwater monitoring wells were installed as part of various environmental studies near the 
Shell Service Station located roughly 450 feet northwest of the project site (Cambria, 2003).  The 
monitoring data from these studies indicates the groundwater elevation at the well locations 
typically varied from about 3 to 10 feet below ground surface which corresponds to approximate 
elevations of +1 to +8 feet. 
 
 

4.0 GEOLOGIC HAZARDS 

This section summarizes our review of commonly considered geologic hazards and discusses 
their potential impacts on the planned improvements.  The primary geologic hazards which could 
affect the proposed development include strong seismic ground shaking, potential liquefaction of 
the sandy fill soils, settlement due to consolidation of the soft Bay Mud, and potentially corrosive 
soil and groundwater conditions.  Other geologic hazards are judged less than significant with 
regard to the proposed project.  Each significant geologic hazard considered is discussed in 
further detail in the following paragraphs. 

 
4.1 Seismic Shaking 

The site will likely experience seismic ground shaking similar to other areas in the seismically 
active Bay Area.  The intensity of ground shaking will depend on the characteristics of the 
causative fault, distance from the fault, the earthquake magnitude and duration, and site specific 
geologic conditions.  Estimates of peak ground accelerations are based on either deterministic or 
probabilistic methods. 
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Deterministic methods use empirical attenuation relations that provide approximate estimates of 
median peak ground accelerations.  A summary of the active faults that could most significantly 
affect the planning area, their maximum credible magnitude, closest distance to the center of the 
planning area, and probable peak ground accelerations are summarized in Table 1.  The 
calculated accelerations should only be considered as reasonable estimates.  Many factors (soil 
conditions, orientation to the fault, etc.) can influence the actual ground surface accelerations. 
 

Table 1 – Estimated Peak Ground Accelerations for Principal Active Faults 

Fault 

Moment Magnitude 
for Characteristic 

Earthquake 
Closest Estimated 

Distance (km) 
Median Peak Ground 

Acceleration (g) 

San Andreas 8.0 10 0.30 

San Gregorio 7.4 13 0.25 

Hayward 7.3 17 0.21 

Rodgers Creek 7.3 33 0.14 

Calaveras 6.9 40 0.10 

Reference:   Caltrans ARS Online v2.3.09 accessed on August, 2017 using Vs30 = 180 m/s. 

 
The potential for strong seismic shaking at the project site is high.  Due to their proximity and 
historic rates of activity, the San Andreas and San Gregorio Faults present the highest potential 
for severe ground shaking.  The significant adverse impact associated with strong seismic shaking 
is potential damage to the pump station and related improvements.  Measures to mitigate the 
effects of ground shaking should, as a minimum, include using flexible connections where 
pipelines connect to the new structures and designing new structures to resist seismic loads as 
discussed in Section 5.1. 
 
4.2 Liquefaction and Related Effects 

Liquefaction refers to the sudden, temporary loss of soil strength during strong ground shaking. 
The strength loss occurs as a result of the build-up of excess pore water pressures and 
subsequent reduction of effective stress.  While liquefaction most commonly occurs in saturated, 
loose, granular deposits, recent studies indicate that it can also occur in materials with relatively 
high fines content provided the fines exhibit lower plasticity.  The effects of liquefaction can vary 
from cyclic softening resulting in limited strain potential to flow failure which cause large 
settlements and lateral ground movements.  Lateral spreading refers to a specific type of 
liquefaction-induced ground failure characterized primarily by horizontal displacement of surficial 
soil layers as a consequence of liquefaction of a subsurface granular layer (Youd, 1995).  Lateral 
spreads generally move down gentle slopes or slip toward a free face such as an incised river 
channel. 
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As shown on Figure 5, regional liquefaction hazard maps indicate the majority of the site is 
mapped within a zone of very high susceptibility to liquefaction (Association of Bay Area 
Governments, 2017).  The fill encountered in our borings consists of an approximately 9- to 10-
foot-thick layer of loose to medium dense sandy soils which contain variable amounts of gravel, 
clay and silt.  We evaluated liquefaction potential for these soils in general accordance with the 
procedures outlined by Idriss and Boulanger (2010).  We assumed a groundwater depth of seven 
feet below ground surface (approximate elevation of +8 feet) and a peak ground acceleration2 
(PGA) of 0.51 g.  The results of our liquefaction analyses are shown on Figure 6 and indicate the 
fill is generally susceptible to liquefaction under the design PGA.  The analysis further indicates 
that if liquefaction does occur, post-liquefaction settlements of up to about two inches should be 
expected.  Minimum mitigation measures should include using flexible connections where 
pipelines connect to the new structures and designing new structures to accommodate the 
estimated post-liquefaction settlements as discussed in Section 5.3. 
 
4.3 Settlement 

Significant settlement can occur when new loads are applied to soft, compressible soils such as 
the Bay Mud encountered in the project borings.  The rate and magnitude of potential settlements 
are dependent on the new loads that are applied, the presence of drainage layers, the thickness 
of compressible material, the inherent compressibility properties of the soils, and other factors. 
There are two modes of settlement of the Bay Mud: primary consolidation and secondary 
compression.  Consolidation settlement often takes decades to complete, whereas secondary 
compression is generally a fraction of the total settlement but occurs over a much longer time.   
 
Considering the Bay Mud thickness within the project area is less than about 10 feet, and that 
nearly 70 years has passed since the existing fill was placed, primary consolidation settlement 
due to the fill placement is expected to be essentially complete.  However, additional settlements 
may be induced due to new structural loads from the planned improvements.  We estimated the 
magnitude of these additional settlements using the preliminary layout shown on Figure 2 and 
structural loads presented in Table 2.  Our analysis assumes the Bay Mud is normally 
consolidated with a compression index (Cc, strain-based) of 0.31 and recompression index (Cr, 
strain-based) of 0.05. 

 

                                                 
2 The PGA used for liquefaction analysis is based on the MCEG peak ground acceleration adjusted for site 
effects, calculated in accordance with ASCE 7 (ASCE, 2010). 
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Table 2 – Preliminary Structural Loads 

Structure Plan Dimensions Embedment Depth Contact Pressure 

Coloma Pump Station 16.3-ft-diameter 28 feet 560 psf 

Valve Vault 17.5 feet by 12.3 feet 8.5 feet 750 psf 

Generator Pad 29.5 feet by 12.0 feet At Grade 550 psf 

Electrical Building 28.0 feet by 20.0 feet 14.2 feet 715 psf 

Flowmeter Vault 13.7 feet by 9.0 feet 8.3 feet 915 psf 

Reference:  Preliminary dimensions and loads based on information provided by Carollo. 
 

Based on the planned excavation depths, new structural loads from underground structures (e.g., 
the pump station, electrical building, vaults, manholes, etc.) will likely be balanced by the soil that 
is removed during excavation.  Additionally, the pump station will likely be founded on firm bedrock 
which was encountered at about 20 feet below ground surface in the project borings.  Therefore, 
consolidation settlement due to the proposed underground structures is expected to be negligible.  
For new above-grade structures founded on shallow foundations, we estimate up to about 2 
inches of total settlement may occur due to the new loads.  The new structures should be 
designed to account for the estimated settlements, as discussed further in Section 5.3. 
 
4.4 Corrosive Soils 

Corrosive soil can damage buried metallic structures, cause concrete spalling, and deteriorate 
rebar reinforcement.  Per Caltrans Corrosion Guidelines (2012), a soil is considered corrosive if 
one or more of the following conditions exist: 
 

 Chloride concentration is 500 ppm or greater 

 Sulfate concentration is 2,000 ppm or greater 

 pH is 5.5 or less 
 
Soil samples collected from both borings at various depths were composited and tested to 
evaluate pH, electrical resistivity, chloride and sulfate contents.  These laboratory test results are 
presented in Appendix B.  The results of our corrosivity testing show the soil has a pH of 7.5, a 
chloride concentration of 2200 parts per million (ppm), and a sulfate concentration of 190 ppm.  
The corrosion test results indicate the soils are considered corrosive per Caltrans guidelines.  
 
Minimum mitigation measures should include designing concrete structures in accordance with 
applicable durability requirements outlined in ACI 318.  Metallic components should incorporate 
protective coatings or other measures aimed at improving corrosion resistance.  We recommend 
that a qualified corrosion engineer be retained to review the laboratory test results and to provide 
additional mitigation measures as required. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of our subsurface exploration, we judge that construction of the proposed 
pump station and related improvements is feasible from a geotechnical standpoint.  Primary 
geotechnical considerations for the project include: excavation through variable geologic 
conditions which include loose to medium dense, saturated sandy fill, soft Bay Mud and 
Franciscan bedrock; providing appropriate temporary support for excavations; providing for 
proper pipe bedding and backfill for excavations; and designing new structures to account for 
seismic loads and potential settlement due to liquefaction and/or consolidation of the soft Bay 
Mud.  Additional discussion and recommendations addressing these and other considerations are 
presented in the following sections. 
 
5.1 Seismic Design 

Minimum mitigation of ground shaking includes seismic design of new structures in conformance 
with the provisions of the most recent edition (2016) of the California Building Code.  The 
magnitude and character of these ground motions will depend on the particular earthquake and 
the site response characteristics.  Based on the interpreted subsurface conditions and proximity 
of the San Andreas and San Gregorio Faults, we recommend the CBC coefficients and site values 
shown in Table 3 be used for the design of the new pump station and related improvements. 
 

Table 3 – 2016 California Building Code Seismic Design Criteria 

Parameter Design Value 

Site Class E 

Site Latitude 37.868°N 

Site Longitude -122.503°W 

Spectral Response (short), SS 1.500 g 

Spectral Response (1-sec), S1 0.651 g 

Site Coefficient, Fa 0.9 

Site Coefficient, FV 2.4 

Reference:  USGS US Seismic Design Maps accessed on August 18, 2017.   

 
5.2 Earthwork 

Earthwork for the pump station and related improvements should be performed in accordance 
with the following recommendations: 
 

 Subgrade Preparation 

Clear pavements, over-sized debris, and organic material from areas to be graded.  Debris, 
rocks larger than six inches, and vegetation are not suitable for structural fill and should be 
removed from the site.  Trees that are located within the building areas should be removed 
and the root systems excavated.  Existing foundations and utilities which are to be 
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abandoned as part of the work should be removed from structural areas.  In non-structural 
areas, utilities could be abandoned in place in many cases provided cement grout 
completely fills any void in the utility. 
 
Where structural improvements are planned, the subgrade surface should be scarified to a 
depth of eight inches, moisture conditioned to slightly above the optimum moisture content, 
and compacted to at least 90 percent relative compaction.  Within pavement areas, the 
subgrade should be compacted to at least 95 percent relative compaction.  Relative 
compaction refers to the in-place dry density of soil expressed as a percentage of the 
maximum dry density, as determined by ASTM D1557.  Areas exposing bedrock at 
subgrade elevation need not be scarified and compacted. The subgrade should be firm and 
unyielding when proof-rolled with heavy, rubber-tired construction equipment.  If soft, wet or 
otherwise unsuitable materials are encountered at subgrade elevation during construction, 
we will provide supplemental recommendations to address the specific condition. 
 

 Excavations 

Excavations will generally encounter fill consisting of loose to medium dense, clayey sand 
over very soft to soft Bay Mud.  Based on the borings, weathered Franciscan bedrock will 
also likely be encountered where excavations extend more than about 20 feet below ground 
surface.  While not encountered in our borings, the backfill around and below the existing 
pump station may also include relatively permeable materials. 

 
In unsupported excavations, the sandy fill soils will be susceptible to flowing below 
groundwater and running to fast raveling above groundwater.  The Bay Mud will be 
susceptible to squeezing while the Franciscan bedrock will exhibit firm behavior.  Definitions 
of the various ground behaviors are presented in the Tunnelman’s Ground Classification for 
Soils, Figure 7.  In accordance with OSHA soil type designations, the fill and Bay Mud are 
considered “Type C” soils whereas the Franciscan bedrock is considered “Type B”.  
Temporary support for excavations should be installed to ensure the safety of workers and 
to reduce the potential for damage to surrounding areas. Shoring and temporary support of 
excavations is discussed in further detail in Section 5.4 

 
Based on our subsurface exploration, we judge the majority of site excavation can be 
performed with typical equipment, such as medium-size excavators.  However, Franciscan 
bedrock often contains inclusions and zones of harder, more resistant rock which may 
require specialized techniques or equipment to excavate (e.g. jackhammers or hydraulic 
breakers).  Therefore, we recommend inclusion of a line item and clear definition for “hard 
rock excavation” in the project bid documents.  If hard rock is encountered during 
construction which prohibits excavation to the required depths, we should be consulted to 
observe conditions and revise our recommendations and/or design criteria as appropriate. 
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 Excavation Bottom Stabilization 

Based on the fill thicknesses observed during our subsurface exploration, the bottom of 
excavations for the new improvements may extend through the fill soils and into the 
underlying Bay Mud.  In areas where excavations extend below the top of the Bay Mud or 
where excavation bottoms are soft, loose, or otherwise unstable, we recommend the 
excavation bottoms be overexcavated a minimum of 12 inches below the planned invert 
elevation and backfilled with drain rock.  The drain rock should be completely wrapped with 
a geotextile filter fabric consisting of Mirafi FW300 or an approved equivalent. 

 
 Fill Materials 

Unless otherwise recommended by SMCSD or the pipe manufacturer, pipe bedding and 
embedment materials should consist of well-graded sand with 90 to 100 percent of particles 
passing the No. 4 sieve, and no more than 5 percent finer than the No. 200 sieve.  Class 2 
aggregate base may also be used provided it conforms to the most recent version of 
Caltrans Standard Specifications and is compacted as described below.  Shovel slicing or 
other methods should be used to ensure embedment materials are uniformly compacted 
around the haunches of the pipe.  Alternatively, controlled low strength material (CLSM) 
may be used for pipe bedding and embedment.  Provide the minimum bedding thickness 
beneath the pipe in accordance with the manufacturer’s recommendations (typically 3 to 6 
inches). 

 
Fill materials used for structural backfill should consist of non-expansive materials that are 
free of organic matter, have a Liquid Limit of less than 40 (ASTM D 4318), a Plasticity Index 
of less than 20 (ASTM D 4318), and have a minimum R-value of 20 (California Test 301). 
The fill material should contain no more than 50 percent of particles passing a No. 200 sieve 
and should have a maximum particle size of 4 inches. Some of the onsite fill soils may be 
suitable for re-use as trench backfill.  The Bay Mud is not suitable for use as fill and should 
be removed from the site. 

 
 Fill Placement and Compaction 

Fill materials should be moisture conditioned to near the optimum moisture content prior to 
compaction.  Properly moisture conditioned fill materials should subsequently be placed in 
loose, horizontal lifts of 8 inches-thick or less and uniformly compacted to at least 90 percent 
relative compaction.  In pavement areas, the upper 12 inches of backfill should be 
compacted to at least 95 percent relative compaction.  The maximum dry density and 
optimum moisture content of fill materials should be determined in accordance with ASTM 
D1557. 

 
5.3 Foundation and Pump Station Structural Design 

Design criteria for the new pump station and other underground structures are detailed on Figure 
8.  A buoyant uplift force will develop when the water level within the structure is lower than the 
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exterior groundwater level.  The design engineer will need to determine the maximum differential 
between the exterior and interior water levels.  Resistance to uplift includes the weight of the 
structure plus the skin friction on the exterior of the structure.  If necessary, the uplift resistance 
can be increased by structurally extending the foundation beyond the limits of the walls. 
Alternatively, helical anchors could be utilized to provide uplift resistance. 
 
The walls of the pump station are expected to be restrained at the top and bottom which prevents 
lateral deflection.  This type of wall is subject to a uniform active pressure distribution instead of 
the equivalent fluid pressure that is typically used for cantilevered walls.  In addition, the walls 
need to withstand seismic and surcharge loading and hydrostatic forces due to potential 
differential water levels inside and outside of the wet well, as shown on Figure 8.  For design of 
the pump station and other buried structures, we recommend that the groundwater level be taken 
as equal to the ground surface elevation. 
 
The generator, transformer and other above-grade improvements may be supported on mat slabs 
provided they are designed to account for settlement due to liquefaction and consolidation of the 
Bay Mud.  This should include up to 3 inches of total settlement and 1.5 inches of differential 
settlement over a span of 25 feet.  If mat slab foundations are utilized, they should be designed 
using a modulus of subgrade reaction of 200 pci.  Mat slabs should be designed using an 
allowable bearing pressure of 2,000 psf for soil and 4,000 psf for bedrock.  Lateral loads for mat 
slabs can be resisted using a base friction coefficient of 0.35 and a passive resistance of 300 pcf.  
The slab subgrade should be prepared as discussed under Section 5.2.1.  If excavations expose 
soft, unstable soils beneath the slabs, the bottom of the excavation should be prepared as 
discussed under Section 5.2.3. 
 
If the new above-grade structures are not capable of accommodating the estimated settlements, 
they should be supported on deep foundations that extend into bedrock.  While various deep 
foundation systems are feasible, helical piles are suitable for supporting the structural loads and 
are likely relatively cost-effective as compared to other systems.   We estimate the helical piles 
should achieve vertical load capacities of about 35 kips provided they are advanced to bear on 
firm bedrock.  Helical piles are limited in providing lateral resistance due to their relatively small 
diameter.  Therefore, lateral loads will need to be resisted through base friction and passive 
resistance of embedded portions of the new structures. Battered helical piles could also be 
considered if additional lateral capacity is required. 
 

Drilled piers are also an appropriate deep foundation alternative.  However, the loose, granular 
fill soils and soft Bay Mud may result in caving or squeezing conditions and the use of casing, 
drilling slurry or other means of supporting the pier excavation during drilling and concrete 
placement should be anticipated. If used, drilled piers should be embedded a minimum of five 
feet into bedrock and should be designed using an allowable skin friction of 300 psf for soil and 
1,000 psf for bedrock to resist vertical loads. Tip resistance should be neglected in calculating the 
vertical capacity for drilled piers. 
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The capacity of a drilled pier foundation system to resist lateral loading is a function of the soil 
type, foundation diameter, pier layout, allowable displacement and other factors. We estimated 
the lateral capacity of a drilled pier foundation for the new at-grade equipment pad using the 
computer software Group 2016 by Ensoft, Inc. and the soil parameters shown in Table 4.  Our 
analysis considered 24-inch-diameter drilled piers with a 1.5-ft-thick mat slab configured as 
shown in Appendix C and the three loading conditions presented below. The calculated 
deflections, bending moment and shear for each pile under the various loading conditions are 
summarized in Appendix C. 

Case 1:  Estimating the displacements resulting from a total lateral load of 51 kips. 

Case 2:  Estimating the total lateral load that would result in a displacement of 0.25 inches. 

Case 3:  Estimating the total lateral load that would result in a displacement of 0.50 inches. 

Table 4 – Soil Parameters for Lateral Pile Analysis 

Depth 

(feet) 

General 

Soil Type 

Unit 
Weight 

(pcf) 

Friction 
Angle 
(deg) 

Undrained 
Shear 

Strength 
(psf) 

Subgrade 
Modulus 

(pci) 

Strain at 
50% 

Deflection 
(%) 

0 to 10 Sandy Soil 115 30 0 20 - 

10 to 20 Soft Clay 95 0 300 30 2.0 

20+ Bedrock 130 0 4,000 2,000 0.5 

5.4 Temporary Support of Excavations 

Temporary support of excavations will be required to ensure the safety of workers and to reduce 
the potential for failure of the excavation sidewalls and damage to surrounding improvements.  
While a variety of systems are available, shoring that applies positive pressure and immediate 
support to the side walls of the excavation will be more effective in controlling ground movements 
and reducing the risk of damage to nearby utilities and structures.  A “watertight” shoring system 
should be utilized to minimize the need for dewatering which could result in an increase in the 
effective stress of the overlying fill soils and subsequent settlement of the soft Bay Mud.   

The selection, design, installation, monitoring, and removal of temporary shoring should be the 
responsibility of the Contractor in accordance with their means and methods.  The selected 
support system should be designed to resist lateral pressures from earth, groundwater and 
construction surcharge loads.  As a minimum, shoring systems should be designed based on the 
criteria provided in Figure 8. 
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5.5 Instrumentation and Monitoring 

Given that deep excavations will be required for construction of the planned improvements, a 
preconstruction survey should be performed to document the condition of the existing pump 
station, adjacent apartment building and other nearby existing improvements.  The survey should 
include video documentation of the buildings and surrounding areas and establishing survey 
control points on the ground surface and nearby structures.  The baseline elevations of the 
monitoring points should be compared with survey readings taken during construction to 
determine if any ground movements occur.   
 
If construction activities are expected to generate relatively high levels of ground-borne vibrations 
(e.g. from sheet pile installation, pile driving, etc.), vibration monitoring should be performed to 
evaluate potential impacts on adjacent structures.  The susceptibility of damage to structures due 
to ground-borne vibrations depends on the type of vibration (i.e. transient or continuous), the 
distance from the vibration source, the age and condition of the structure, soil and groundwater 
conditions, the type of construction (e.g. wood-framed, steel, architectural finishes, etc.) and 
various other factors.  A study by Whiffen (1971) established damage thresholds to structures 
due to continuous vibrations, as summarized in Table 5.  While these thresholds may be used for 
general guidance, project-specific thresholds should be established based on criteria that is 
developed for specific structures. 
 

Table 5 – Damage Thresholds due to Continuous Vibration 

PPV (in/sec) Design Value 

0.4 – 0.6 Architectural damage and possible minor structural damage 

0.2 
Threshold at which there is a risk of architectural damage to normal 
dwelling houses (houses with plastered walls and ceilings). 

0.1 Virtually no risk of architectural damage to normal buildings 

0.08 
Recommended upper limit of vibration to which ruins and ancient 
monuments should be subjected. 

0.006 – 0.019 Vibration unlikely to cause damage 

 
 
5.6 New Pavements 

New pavements will be required for the pump station driveway and for trenches that extend into 
traffic areas. We have provided preliminary pavement design in accordance with Caltrans 
procedures for flexible pavement (Caltrans, 2015).  We assumed Traffic Index values ranging 
from 4 to 7 depending on the expected traffic loads for a twenty-year design life.  For our 
preliminary design, we assumed an R-value of 20 and 50 which are generally consistent with R-
values for select fill and Class 2 aggregate subbase, respectively.  During construction, we should 
test the backfill materials to confirm the R-value of the backfill material is consistent with our 
assumed values.  The preliminary recommended pavement sections are presented in Table 6. 
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Table 6 – Preliminary Asphalt-Concrete Pavement Sections 

Traffic Index 

Select Fill Backfill  
(R-Value = 20) 

Class 2 Aggregate Subbase 
(R-Value = 50) 

Asphalt 
Thickness 
(inches) 

Class 2 
Aggregate Base 

Thickness 
(inches) 

Asphalt 
Thickness 
(inches) 

Class 2 
Aggregate Base 

Thickness 
(inches) 

4 3.0 5.0 2.5 4.0 

5 3.5 7.0 3.0 5.0 

6 4.0 9.0 3.5 6.0 

7 5.0 10.0 4.0 7.0 

 
The subgrade in new pavement areas should be prepared as discussed under Section 5.2.1.  The 
Class 2 aggregate base and asphalt-concrete should conform to the most recent version of 
Caltrans Standard Specifications and should be compacted to at least 95% relative compaction.  
Additionally, the aggregate base should be firm and unyielding under heavy, rubber-tired 
construction equipment. If heavier truck traffic or “superior” performance is desired, the thickness 
of the aggregate base and asphalt thickness may be increased. 
 
 

6.0 SUPPLEMENTAL GEOTECHNICAL SERVICES 

We must review the plans and specifications when they are nearing completion to confirm that 
the intent of our recommendations has been incorporated and to provide supplemental 
recommendations as needed.  During construction, we must inspect geotechnical items relating 
to earthwork, foundations and new pavement construction.  We should observe the excavations 
for the new pump station and other improvements, foundation construction, proper moisture 
conditioning of soils, fill placement and compaction, and other geotechnical-related work items. 
 

7.0 LIMITATIONS 

We believe this report has been prepared in accordance with generally accepted geotechnical 
engineering practices in Marin County at the time the report was prepared.  This report has been 
prepared for the exclusive use of the project Owner and/or their assignees specifically for this 
project.  No other warranty, expressed or implied, is made.  Our evaluations and 
recommendations are based on the data obtained during our subsurface exploration program and 
our experience with soils in this geographic area.
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APPENDIX A 
SUBSURFACE EXPLORATION AND GEOTECHNICAL LABORATORY TESTING 

 

A. SUBSURFACE EXPLORATION 
 
We explored subsurface conditions with two exploratory borings drilled with track-mounted 
equipment on July 12, 2017 at the approximate locations shown on the Site Plan, Figure 2. The 
exploration was conducted under the technical supervision of our Field Geologist who examined 
and logged the soil materials encountered and obtained samples. The subsurface conditions 
encountered in the test borings are summarized and presented on the Boring Logs, Figures A-3 
through A-5.   
  
“Undisturbed” samples were obtained using a 3-inch diameter, split-barrel Modified California 
Sampler with 2.5 by 6-inch tube liners or a Standard Penetration Test (SPT) Sampler. The 
samplers were driven by a 140-pound hammer at a 30-inch drop.  The number of blows required 
to drive the samplers 18 inches was recorded and is reported on the boring logs as blows per foot 
for the last 12 inches of driving. The samples obtained were examined in the field, sealed to 
prevent moisture loss, and transported to our laboratory 
 
 
B. GEOTECHNICAL LABORATORY TESTING 
 
We conducted geotechnical laboratory tests on selected intact samples to classify soils and to 
estimate engineering properties. The following laboratory tests were conducted in general 
accordance with the ASTM standard test method cited: 
 
 Laboratory Determination of Water (Moisture Content) of Soil, Rock, and Soil-Aggregate 

Mixtures, ASTM D 2216 

 Density of Soil in Place by the Drive-Cylinder Method, ASTM D 2937 

 Unconfined Compressive Strength of Cohesive Soil, ASTM D 2166 

 Amount of Material in Soils Finer than No. 200 (75-μm) Sieve, ASTM D1140 

 Corrosivity as pH, EPA 904. 

 Conductivity, SM 2510B 

 Chlorides and Sulfates, EPA 300 

 
The moisture content, dry density, amount of material passing a No. 200 sieve and unconfined 
compression test results are shown on the exploratory boring logs. The exploratory boring logs, 
description of soils encountered and the laboratory test data reflect conditions only at the location 
of the boring at the time they were excavated or retrieved. Conditions may differ at other locations 
and may change with the passage of time due to a variety of causes including natural weathering, 
climate and changes in surface and subsurface drainage. 
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for the final 12-inch drive are recorded onto the logs.  Sampler
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NOTE: Test boring and test pit logs are an interpretation of conditions encountered

at the excavation location during the time of exploration.  Subsurface rock,

soil or water conditions may vary in different locations within the project site

and with the passage of time.  Boundaries between differing soil or rock

descriptions are approximate and may indicate a gradual transition.
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no affect on cementation

coated with clay, oxides or carbonates

Subsurface rock, soil and water conditions may differ in other locations and with the passage of time.

Test boring and test pit logs are an interpretation of conditions encountered at the location and time of exploration.NOTE:

Rock unaffected by weathering, no change with depth, rings under hammer impact

A few stained fractures, slight discoloration, no mineral decomposition,

Fracture surfaces coated with weathering minerals, moderate or localized discoloration

Rock decomposition, thorough discoloration, all fractures are extensively

Minerals decomposed to soil, but fabric and structure preserved
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(1) UNCORRECTED FIELD BLOW COUNTS
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gray, wet, soft, high plasticity clay, trace sand and

organics   [Bay Mud]
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APPENDIX B 

ENVIRONMENTAL LABORATORY TEST RESULTS 



Analytical Sciences

Report Date: July 26, 2017

Laboratory Report

Project Name:

Lab Project Number:

Carollo - Coloma Pump Station

7071401

This 14 page report of analytical data has been reviewed and approved for release.

Eric Dabanian

Miller Pacific Engineering - Novato

Novato, CA 94947

504 Redwood Blvd., Suite 220

2213-004

Laboratory Director

Michele Peters

P.O. Box 750336

Petaluma, CA 94975-0336

Telephone: (707) 769-3128

110 Liberty Street

Petaluma, CA 

94952



Compound NameLab# Sample ID Result (µg/kg) RDL (µg/kg)

Volatile Hydrocarbons by GC/MS

Gasoline7071401-01 B1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

ND 500

Dichlorodifluoromethane (F-12) ND .02

Chloromethane ND .02

Vinyl chloride ND .02

Chloroethane (CE) ND .02

Bromomethane ND .02

Trichlorofluoromethane (F-11) ND .02

Trichlorotrifluoroethane (F-113) ND .02

1,1-Dichloroethene (1,1-DCE) ND .02

Methylene chloride ND .02

trans-1,2-Dichloroethene ND .02

1,1-Dichloroethane (1,1-DCA) ND .02

cis-1,2-Dichloroethene (c1,2-DCE) ND .02

2,2-Dichloropropane ND .02

Chloroform (THM1) ND .02

Bromochloromethane ND .02

1,1,1-Trichloroethane (TCA) ND .02

1,2-Dichloroethane  (EDC) ND .02

1,1-Dichloropropene ND .02

Carbon tetrachloride ND .02

Benzene ND .02

Trichloroethene (TCE) ND .02

1,2-Dichloropropane (DCP) ND .02

Dibromomethane ND .02

Bromodichloromethane (THM2) ND .02

cis-1,3-Dichloropropene ND .02

Toluene ND .02

1,1,2-Trichloroethane ND .02

1,3-Dichloropropane ND .02

Dibromochloromethane (THM3) ND .02

Tetrachloroethene (PCE) ND .02

1,2-Dibromoethane  (EDB) ND .02

Chlorobenzene ND .02

1,1,1,2-Tetrachloroethane ND .02

Ethylbenzene ND .02

m,p-Xylene ND .02

Styrene ND .02

o-Xylene ND .02

Bromoform (THM4) ND .02

1,1,2,2-Tetrachloroethane ND .02

Isopropylbenzene ND .02

1,2,3-Trichloropropane ND .02

Bromobenzene ND .02

n-Propyl Benzene ND .02

2-Chlorotoluene ND .02

4-Chlorotoluene ND .02

1,3,5-Trimethylbenzene ND .02

Page 2 of 14
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Compound NameLab# Sample ID Result (µg/kg) RDL (µg/kg)

Volatile Hydrocarbons by GC/MS

tert-Butylbenzene7071401-01 B1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

ND .02

1,2,4-Trimethylbenzene ND .02

sec-Butylbenzene ND .02

1,3-Dichlorobenzene ND .02

1,4-Dichlorobenzene ND .02

1,2-Dichlorobenzene ND .02

p-Isopropyltoluene ND .02

n-Butylbenzene ND .02

1,2-Dibromo-3-chloropropane ND .02

1,2,4-Trichlorobenzene ND .02

Naphthalene ND .02

Hexachlorobutadiene ND .02

1,2,3-Trichlorobenzene ND .02

Tertiary Butyl Alcohol  (TBA) ND 25

Methyl tert-Butyl Ether  (MTBE) ND .02

Di-isopropyl Ether  (DIPE) ND .02

Ethyl tert-Butyl Ether  (ETBE) ND .02

Tert-Amyl Methyl Ether  (TAME) ND .02

Surrogates Result (µg/kg) % Recovery Acceptance Range (%)

70-130Dibromofluoromethane 10753.1

70-130Toluene-d8 9446.5

70-1304-Bromofluorobenzene 9647.9

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/14/17

EPA 8260B

B016854Date Sampled:

Date Received:

Compound NameLab# Sample ID Result (mg/kg) RDL (mg/kg)

TPH Diesel & Motor Oil

Diesel7071401-01 B1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

ND .05

Motor Oil ND 50

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/20/17

EPA 8015B

B016849Date Sampled:

Date Received:
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Compound NameLab# Sample ID Result (pH Units) RDL (pH Units)

Corrosivity as pH

7071401-01   pHB1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

7 .52 1.00

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/18/17

EPA 9040

B016885Date Sampled:

Date Received:

Compound NameLab# Sample ID Result (mg/kg) RDL (mg/kg)

CAM Metals

Antimony  (Sb)7071401-01 B1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

ND .05

Arsenic  (As) 5 .7 1.5

Barium  (Ba) 110 2.0

Beryllium  (Be) ND .500

Cadmium  (Cd) ND .500

Chromium  (Cr) 64 6.0

Cobalt  (Co) 12 1.5

Copper  (Cu) 25 2.0

Lead  (Pb) 18 3.0

Molybdenum  (Mo) ND .01

Nickel  (Ni) 89 8.0

Selenium  (Se) ND .05

Silver  (Ag) ND .01

Thallium  (Tl) ND .05

Vanadium  (V) 32 2.0

Zinc  (Zn) 66 5.0

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/25/17

EPA 6010B

B016894Date Sampled:

Date Received:
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Compound NameLab# Sample ID Result (mg/kg) RDL (mg/kg)

Mercury

7071401-01 Mercury  (Hg)B1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

0 .12 0.10

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/25/17

EPA 7471A

B016895Date Sampled:

Date Received:

Compound NameLab# Sample ID Result (ohms-cm) RDL (ohms-cm)

Resistivity

7071401-01 ResistivityB1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

330 10

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/18/17

SM 2510 B-2011

B016885Date Sampled:

Date Received:

Compound NameLab# Sample ID Result (mg/kg) RDL (mg/kg)

Anions

7071401-01 ChlorideB1 3.5', 5.5', 10.5' & 

15.5' B2 3.5', 6', 11.5' 

& 15.5'

2200 200

Sulfate as SO4 190 10

Date Analyzed:

Method:

QC Batch:07/12/17

07/14/17

07/25/17

EPA 300.0

B016905Date Sampled:

Date Received:
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Notes and Definitions 

Relative Percent DifferenceRPD

Analyte NOT DETECTED at or above the reporting detection limit (RDL)ND

Reporting Detection LimitRDL

NR Not Reported
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APPENDIX C 

RESULTS OF LATERAL PILE ANALYSIS 
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504 Redwood Boulevard, Suite 220  Novato, California 94947  T (415) 382-3444 F (415) 382-3450 

 
 
 
July 7, 2020 
File: 2213.004altr.doc 
 
Carollo Engineers, Inc. 
2700 Ygnacio Valley Road, Suite 300 
Walnut Creek, California 94598 

Attn: James Wickstrom 
 
Re: Addendum No. 1 
 2019 CBC Seismic Design Criteria  
 SMCSD Coloma Pump Station 
 Sausalito, California  
 
 
This Addendum No. 1 to our Geotechnical Investigation Report dated July 5, 20191 provides 
updated seismic design criteria for the Sausalito Marin City Sanitary District’s Coloma Pump 
Station planned near the intersection of Coloma Street and Bridgeway in Sausalito. The site is 
located close to several active faults, including the San Andreas and San Gregorio Faults which 
are located approximately 10.1 kilometers (6.3 miles) and 13.6 kilometers (8.5 miles) southwest of 
the site, respectively. The seismic design criteria provided in our report was based upon the 2016 
California Building Code (CBC) and ASCE 7-10 which were the governing codes at the time our 
report was issued. We understand the new structures will be designed using the 2019 CBC and 
ASCE 7-16. Therefore, updated criteria based on the current codes are presented herein. 
 
The site is underlain by roughly ten feet of artificial fill over Bay Mud. Moderately to highly 
weathered sandstone was encountered beneath the Bay Mud at about 20 feet below ground 
surface. Based on these subsurface conditions and the proximity to several active faults, the site 
is classified as “Site Class E”. We performed a site-specific ground motion hazard analysis in 
general accordance with Section 21.2 of ASCE 7-16. The results of our analysis are presented on 
Figures 1 to 3 and the recommended seismic design criteria is summarized in Table 1. 
 

 
1 Miller Pacific Engineering Group, “Geotechnical Investigation, Sausalito Marin City Sanitary District, Coloma Pump 
Station, Sausalito, California”, July 5, 2019. 



 
Carollo Engineers, Inc. July 7, 2020 
Page 2 
 

 Table 1 – 2019 California Building Code Seismic Design Criteria 

Parameter Design Value 

Site Class E 

Risk Category III 

Site Latitude 37.868°N 

Site Longitude -122.503°W 

Spectral Acceleration at Short Periods, SS 1.50 g 

Spectral Acceleration at Period of 1 sec, S1 0.60 g 

Adjusted Spectral Acceleration at Short Periods, SMS 1.56 g 

Adjusted Spectral Acceleration at Period of 1 sec, SM1 3.39 g 

Design Spectral Acceleration at Short Periods, SDS 1.04 g 

Design Spectral Acceleration at Period of 1 sec, SD1 2.26 g 

Adjusted MCEG Peak Ground Acceleration, PGAM 0.67 g 

 
We appreciate the opportunity to be of continued service on this project.  If we can be of further 
assistance or should there be any questions or concerns regarding our recommendations, 
please call. 
 
Very truly yours, 
MILLER PACIFIC ENGINEERING GROUP REVIEWED BY: 

  
Rusty Arend Benjamin Pappas 
Geotechnical Engineer No. 3031 Geotechnical Engineer No. 2786 
(Expires 6/30/21) (Expires 9/30/20) 
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