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1 Project Overview and Objectives 
The Santa Clara Valley Water District (District) is conducting the Indirect Potable Reuse Program 
(IPR Program) Preliminary Assessment. The IPR Program components include establishing 
advanced treatment and purified water conveyance systems and associated groundwater 
replenishment mechanisms to support up to 45,000 acre-feet per year of indirect potable reuse. 
The project objectives include leveraging the District’s existing groundwater replenishment 
facilities and expanding replenishment capacity to optimize groundwater management and to 
coincide with regional raw water operations.  The IPR Program includes the following 
components: residuals management, secondary/tertiary improvements, advanced treatment 
components, conveyance components, and purified water receptors.  

As part of the alternative alignment development and analysis, a desktop study and geotechnical 
review of the purified water conveyance components was performed. The assumed source 
location for the conveyance pipeline was the Silicon Valley Advanced Water Purification Center 
(SVAWPC). The assumed receptor point for the main conveyance pipeline was the Los Gatos 
Recharge Ponds including McGlincey, Budd, Sunnyoaks, and Page. In addition to the north-south 
alignment from SVAWPC to the recharge ponds, a Sunnyvale alignment traversing East-West 
would connect a future non-potable pipeline on Wolfe Road to groundwater recharge facilities is 
being evaluated to convey purified water from the Sunnyvale Water Pollution Control Plant 
(WPCP) to groundwater recharge facilities. 

At the time of this evaluation, the pipe diameter has not been determined. For the purpose of this 
evaluation, the pipe diameter is anticipated to be 48 inches and the pipe invert is assumed to be 
at a depth of approximately 9 to 10 feet below ground surface for most of the alignment.  

The purpose of the geotechnical review is to identify general site geologic features and existing 
conditions that could pose challenges, constraints or hazards to the proposed pipeline corridors 
during construction, design, and operation of the facilities. Examples of these include the 
presence of soft bay mud during excavation, shallow groundwater that would require dewatering 
and groundwater control during pipeline installation, oversized material and hard bedrock that 
may pose construction difficulties during trench excavation, and the presence of potentially 
liquefiable soils that could impact pipe integrity during operation.  

The alignments will cross numerous intersections, railroad and light rail tracks, major freeways, 
and creek. Evaluation of the segments at various crossings that may require trenchless 
installation and construction considerations are not part of this review. 

2 Preliminary Alignments 
In order to identify initial preliminary alignments, general alignment themes were developed as 
guiding principles. Numerous alignments have been reviewed and identified by RMC and three 
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of the most feasible alternatives have been selected for further evaluation and the geotechnical 
review based on the assessment criteria established for the project. The locations of the 
preliminary alignments provided by RMC are shown in Figure 1, Geology Map The three north-
south alignments are described below:  

2.1 Creek (Alignment 1) 
The creek alignment was identified during the master planning phase as a “fast-track” option to 
construct above-grade pipes within District right-of-way. The main benefit of the creek theme is 
the reduced amount of easement acquisition required due to construction occurring primarily 
within District property. The preliminary creek alignment (Alignment 1) is shown on Figure 1, 
Geology Map.  

2.2 Major Streets (Alignment 4) 
The major streets theme uses major arterial roads for construction. Typically, major arterial roads 
are multi-lane in each direction and may have parking lanes and/or turn lanes. The extra space 
is beneficial for identifying an available pipeline corridor beneath the roadway. One challenge with 
this theme is that there are few major streets that run from the Alviso area (north) to the Los Gatos 
Recharge Ponds (south). One option for this alignment is identified in Figure 1. 

2.3 Major and Minor Streets (Alignment 5) 
The major and minor streets theme, as the name implies, uses both major and minor roads for 
construction.  By diverting the alignment off major roads in the areas that are anticipated to have 
more traffic congestion, the traffic control associated with the alignment may become more 
manageable and the roads may be less congested. As this theme uses minor streets in order to 
avoid heavily trafficked roadways, the preferred alternative for this option is illustrated in 
Alignment 5, Figure 1.   

2.4 Sunnyvale Alignment 
In addition to the the north-south alignments, three corridors are under consideration for the 
Sunnyvale alignment traversing East-West connecting an existing non-potable pipeline on Wolfe 
Road to the new Apple campus. The three east-west pipelines for Sunnyvale would connect the 
water produced from Sunnyvale with water produced from the SVAWPC. The three options to 
connect the Sunnyvale water in: the furthest north would connect from the Sunnyvale treatment 
plant; the other two options that are further south assume that the Wolfe Road pipeline would be 
repurposed for purified recycled water instead of non-potable. The preliminary alignments are 
shown in Figure 1. 

3 Existing Conditions 
The existing conditions of the Project study area are discussed in terms of regional and project 
area geology, faulting and seismicity and other geotechnical considerations. 

3.1 Regional Geology 
The Project study area is located in the Santa Clara Valley, at the southern end of San Francisco 
Bay, in the geologically diverse Coast Ranges geomorphic province of California. This province 
is characterized by northwest trending faults mountain ranges and valleys. Santa Clara Valley 
forms part of an elongated structural block (the San Francisco Bay block) within the central Coast 
Ranges that contains San Francisco Bay and its surrounding alluvial margins. This structural 
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block is bounded by major active fault zones including the San Andreas fault zone to the 
southwest, and the Hayward, and Calaveras fault zones to the northeast.   

Santa Clara Valley is a north-northwest trending basin, which has been subsiding and filling with 
sediments during the Quaternary Period. The valley floor is covered in Holocene alluvial fan 
deposits eroded from the surrounding margins and the northern edge of the valley which borders 
the South San Francisco Bay includes Holocene estuarine deposits (bay mud).  

The Project study area traverses the northern portion of Santa Clara Valley extending from the 
Los Gatos Recharge Ponds at Dell Avenue near the northwest of the intersection of State Route 
85 and 17 at the southern terminus, to the SVAWPC located northwest of the intersection of 
Interstate 880 and State Route 237 at the northern terminus. The approximate western boundary 
of the project area is Wolfe Road while the eastern limit is bounded by Coyote Creek and 
Guadalupe River  

The topography of the project area consists of gently valley floor with elevations ranging from 
approximately 250 feet at the south sloping northwards to about 10 feet at the north in the vicinity 
of SVAWPC. 

3.2   Project Area Geology 
The stratigraphy and geology of the project area has been described by a number of authors. 
Maps and reports published by the U.S. Geological Survey (USGS) reviewed and considered 
during this study include the Quaternary geology of the central San Francisco Bay area from 
Witter et al. (2006). The geology map of the project study area and its vicinity is presented in 
Figure 1, Geologic Map. This map is based on the geologic data imported directly from the 
geographic information system (GIS) digital database of Witter et al. (2006). Table 1 lists each of 
the geologic units that are included in the project study area, and provides the geologic age and 
a brief description of the lithology. A more detailed description of each of the geologic units in the 
study area is presented below. 

3.2.1 Historical Deposits (<150 Years) 

Artificial Fill (af) 

Artificial fill includes material deposited by humans during recent historic times. According to 
Witter et al. (2006), most fill placed in the last few decades is engineered (properly compacted), 
but older fill is more likely to be non-engineered. Most of the artificial fill shown is engineered fill 
used to construct large highway and railroad embankments, and may be up to approximately 100 
feet thick. 

Artificial Fill over Estuarine Mud (afem) 

This unit is similar to artificial fill (af), except it includes areas where fill has been placed directly 
onto estuarine sediments of the San Francisco Bay Mud (Bay Mud) [Qhbm]. Historically, fill was 
placed along the margins of the Bay to create new land for development and may be engineered 
or non-engineered. Fill thickness typically ranges from 5 to 20 feet. 

Artificial Levee Fill (alf) 

This unit includes areas where artificial fill was used to construct levees bordering rivers, streams, 
salt ponds, sloughs, and delta islands in order to contain flood and tidal waters. Levees built prior 
to 1965 (enactment of building code) are likely to be non-engineered, uncompacted, and made of 
poor quality fill. 
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Artificial Channel Fill (acf) 

Artificial channel fill (acf) consists of artificial fill emplaced in historically active stream channels. 
The stream flow has been re-routed to a pipe or channel either beneath or within the fill, which 
may be engineered (properly compacted) or non-engineered. The fill is usually placed in order to 
create level land for urban development. This unit may overlie historical stream channel deposits 
(Qhc).  

Table 1: Geologic Unit in Study Area 

Notes:  (1) Geologic units from Quaternary Deposits Map by Witter et al. (2006). 

Gravel Quarries and Percolation Ponds (gq) 

This unit consists of excavations, associated spoil piles, and disturbed ground in stream channels 
or alluvial deposits that were or are currently being used for the extraction of sand and gravel. 

af Artificial  fi l l Historical Various  l ithologies

afem Artificial  fi l l  over estuarine mud Historical Various  l ithologies

alf Artificial  levee fi l l Historical Various  l ithologies

acf Artificial  channel  fi l l Historical Various  l ithologies

gq
Gravel  quarries  and percolation 

ponds
Historical Various  l ithologies

ac Artificial  stream channel Historical Various  l ithologies

Qhc
Historical  stream channel  

deposits
Historical

Loose sand, gravel  and cobbles, with minor silt and clay; 

poorly to well  sorted. 

Qhfy Alluvial  fan deposits Latest Holocene
Gravel, sand, si lt and clay; moderately to poorly sorted 

and bedded. 

Qhly Alluvial  fan levee deposits Latest Holocene Simliar to Qhfy, except coarser. 

Qhty Stream terrace deposits Latest Holocene
Sand, gravel, silt, and minor clay; moderately to well  

sorted and bedded. 

Qhbm San Francisco Bay Mud Holocene Silt, clay, peat and fine sand. 

Qhfe
Alluvial  fan‐estuarine complex 

deposits
Holocene

Fluvial  sand, silt and clay overlying or interfingering with 

Bay mud (Qhbm).

Qhf Alluvial  fan deposits Holocene
Sand, gravel, silt, and clay; moderately to poorly sorted 

and bedded.

Qhff Alluvial  fan deposits, fine facies Holocene
Clay and si lt, interbedded with deposits  of sand and 

gravel. 

Qhl Alluvial  fan levee deposits Holocene Loose sand, silt and clay; moderately to well  sorted.

Qht Stream terrace deposits Holocene
Sand, gravel, silt, and minor clay; moderately to well  

sorted and bedded. 

Qt Stream terrace deposits
Holocene to Latest 

Pleistocene

Sand, gravel, silt, and minor clay; moderately to well  

sorted and bedded. 

Qpf Alluvial  fan deposits Latest Pleistocene
Sand, gravel, silt, and clay; moderately to poorly sorted 

and bedded; denser than the younger alluvial  fan deposits. 

Geologic 

Unit
Lithologic DescriptionAgeDescription
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Percolation ponds are also included in this unit because many of these gravel pits are eventually 
used as recharge or percolation ponds. 

Artificial Stream Channel (ac) 

This unit consists of modified stream channels including straightened or re-aligned channels, flood 
control channels, and concrete canals. Deposits within these channels can range from almost 
nothing in concrete canals to significant thicknesses of loose, unconsolidated sand, gravel, and 
cobbles, similar to stream channel deposits (Qhc). 

Stream Channel Deposits (Qhc) 

This unit includes fluvial deposits within active, natural stream channels. The materials consist of 
loose, unconsolidated, poorly to well sorted sand, gravel and cobbles, with minor amount of silt 
and clay. These deposits are reworked frequently by flooding. Like most alluvial deposits, the 
sediments are typically coarser upstream, and finer downstream. 

3.2.2 Latest Holocene Deposits (<1,000 Years) 

Alluvial Fan Deposits (Qhfy) 

According to Witter et al. (2006), Alluvial fan sediment is deposited by streams originating from 
mountain canyons onto alluvial valley floors or alluvial plains. The sediment is moderately to 
poorly sorted and bedded, and may be composed of gravel, sand, silt and clay. Grain size is 
typically finer downslope, and coarser upslope.  

Alluvial Fan Levee Deposits (Qhly) 

Natural levee deposits of alluvial fans which have been judged to be latest Holocene (<1000 
years) in age. They are mapped along the downstream reaches of Coyote Creek and Guadalupe 
River. They are identified as long, low, winding ridges orientated down fan. The stream often runs 
down the centerline of the levee. The levees contain coarser materials than the adjoining inter-
levee areas, mostly composed of overbank materials dropped as the stream overflows its banks. 

Stream Terrace Deposits (Qhty) 

Latest Holocene stream terrace deposits are deposited as point bar and overbank deposits from 
major streams. Stream terrace sediment includes sand, gravel, silt and minor clay, is moderately 
to well sorted, and is moderately to well bedded. 

3.2.3 Holocene Deposits (<11,800 Years) 

San Francisco Bay Mud (Qhbm) 

This unit, commonly referred to as “Bay Mud”, consists of fine-grained intertidal deposits, 
deposited along the Bay margin in the area between the present day shoreline and the historical 
edge of the tidal marsh. Bay Mud sediment typically is general soft, and saturated, and has low 
bulk density and includes silt, clay, peat, and fine sand. The Bay Mud deposits thin landwards 
and may be up to 130 feet along the bay margin. 

Alluvial Fan-Estuarine Complex Deposits (Qhfe) 

This unit is mapped along the southern San Francisco Bay margin, between the Guadalupe River 
and Coyote Creek. The deposits represent a transition zone from the alluvial sand, silt and clay 
to the Bay Mud (Qhbm). The coarser fluvial sediment typically forms a veneer over the finer 
sediment, and may overlie or interfinger with Bay mud.  
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Alluvial Fan Deposits (Qhf) 

This unit includes sediment formed by streams originating from mountain canyons onto alluvial 
valley floors or alluvial plains. It includes debris flow, hyper-concentrated mudflow, and braided 
stream deposits. Typical lithologies include sand, gravel, silt, and clay, moderately to well graded 
and moderately to poorly bedded. Sediments are coarsest near the mountain front and become 
finer towards the depositional basin. 

Alluvial Fan Deposits, Fine Facies (Qhff) 

This unit consists of fine-grained alluvial fan and flood plain overbank deposits laid down in very 
gently sloping portions of the alluvial fan or valley floor. Lithologies include clay and silt with 
interbedded deposits of alluvium (sand and occasional gravel). Deposits of the coarse material 
within the fine-grained materials are elongated in the down fan or down valley.  

Alluvial Fan Levee Deposits (Qhl) 

This unit includes natural levee deposits of alluvial fans that were formed by streams that 
overtopped their banks and deposited sediment adjacent to the channel. The levees are identified 
as long, low ridges orientated down fan, which contain coarser material than adjoining interlevee 
areas. Levee deposits are loose, moderately to well-sorted sand, silt and clay.  

Stream Terrace Deposits (Qht) 

These are stream terrace deposits which were deposited in point bar and overbank depositional 
settings. Deposits typically include sand, gravel, silt, and minor clay, and are moderately to well-
sorted, and moderately to well-bedded. These deposits are mapped where relatively smooth, 
undissected terraces are less than 25 to 30 feet above the active channel. 

3.2.4 Holocene To Latest Pleistocene Deposits (<30,000 Years) 

Stream Terrace Deposits (Qt) 

This unit consists of stream terrace deposits, deposited in point bar and overbank depositional 
settings. Lithologies include sand, gravel, silt, and minor amounts of clay. These deposits are 
moderately to well sorted and moderately to well bedded. These deposits are mapped on 
relatively flat, undissected stream terraces where deposit age is uncertain. 

3.2.5 Latest Pleistocene Deposits (11,800 to 30,000 Years) 

Alluvial Fan Deposits (Qpf) 

This unit includes alluvial fan deposits, deposited by streams originating from mountain canyons 
onto alluvial valley floors or alluvial plains. It includes debris flow, hyper-concentrated mudflow, 
and braided stream deposits. Sediments typically include sand, gravel, silt and clay, and are 
moderately to poorly sorted, and moderately to poorly bedded. Sediments are coarsest near the 
mountain front and become finer towards the depositional basin. The late Pleistocene age of 
these deposits are indicated by the fact that they are more dissected by erosion than the Holocene 
fan deposits. 

3.3 Groundwater 
Groundwater data presented in the California Geological Survey (CGS), Seismic Hazard Reports 
(2001-2006) for the Mountain View, Milpitas, Cupertino, and San Jose West quadrangles were 
reviewed. The depths to historically high groundwater within the study area are presented on the 
contour map in Figure 2. The groundwater contour map was created by using GIS software to 
digitalize the historical high groundwater contours presented in the Seismic Hazard Reports for 
the referenced quadrangles. 
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It should be noted that these groundwater depths do not necessarily reflect current groundwater 
conditions, as groundwater levels are expected to fluctuate with season, temperature, climate, 
construction in the area, and other factors. However, it is conservative to consider historically high 
groundwater depths for analysis and planning purposes. The historical high groundwater depths 
in the study area range from less than 5 feet in the northern portion, at the edge of San Francisco 
Bay, to just over 50 feet in parts of the southern portion, at the foothills of the mountains. 

4 Faulting and Seismicity 
The San Francisco Bay area is considered by geologists and seismologists to be one of the most 
seismically active regions in the United States. Significant earthquakes have occurred in the San 
Francisco Bay Area and are believed to be associated with crustal movements along a system of 
subparallel fault zones that generally trend in a northwesterly direction. Earthquakes generated 
along active faults may result in very strong ground motion that can cause surface rupture, severe 
shaking damage to structures, and destabilize the ground. 

Three major fault zones extend through the Bay Area, in a northwesterly direction, and have 
produced approximately 12 earthquakes in the last century that were strong enough to cause 
structural damage. The faults causing such earthquakes are part of the San Andreas fault system, 
a major rift in the earth’s crust that extends for at least 450 miles along the coast of California, 
and include the San Andreas, Calaveras, and Hayward faults.  

Figure 3 presents the location of the faults located in proximity to the study area. Fault data was 
obtained from the fault activity map and GIS database presented on the CGS website (CGS 
2010). Faults with evidence of movement in the Holocene age or younger are considered to be 
active faults and include the San Andreas, Hayward, Monte Vista and the Calaveras Fault. Other 
active faults further away and not within the study area include the Concord, Green Valley, and 
San Gregorio faults. Several minor faults are also included in Figure 3 but those are not 
considered active. It should be noted that none of the active faults traverse the Project study area. 
Table 2 provides a summary of these nearby faults with respect to their closest distance to the 
pipeline alignments and maximum moment magnitude (CGS 2003).  

Table 2 – Major Active Faults in Vicinity of Project Study Area 

Fault 
Minimum Distance from Pipeline Alignments (mi) Maximum 

Moment 
Magnitude1 Creek Major Streets 

Major + Minor 
Streets 

Monte Vista 1½ 1½ 1½ 6.7

Hayward 3 3½ 3½ 6.7 

San Andreas 6¾ 7 6 7.1 

Calaveras (Central Segment) 7¼ 9 9 6.2 

   Notes:     (1) . CGS (2003) 

Large historical earthquakes in the area include the 1906 Magnitude 7.8 San Francisco 
Earthquake, which ruptured 290 miles of the San Andreas fault. The Hayward fault generated the 
1868 Magnitude ~6.7 Hayward earthquake. Both of these earthquakes caused liquefaction in the 
Santa Clara Valley. However, the 1989 Magnitude 6.9 Loma Prieta earthquake, which ruptured 
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the southern segment of the 1906 San Andreas Fault rupture, did not cause liquefaction in the 
Santa Clara Valley.  
 
Earthquake intensities will vary throughout the Bay Area, depending upon the magnitude of 
earthquake, the distance from the site to the causative fault, and the type of materials underlying 
the site.  The project study area will probably be subjected to at least one moderate to severe 
earthquake that will cause strong ground shaking. The Uniform California Earthquake Rupture 
Forecast, Version 2 (UCERF 2) by USGS (2008) states that there is a 63% chance that a 
Magnitude ≥6.7 earthquake event will occur in the Bay Area between 2007 and 2037. 

4.1 Seismic Hazards 
Seismic hazards related to potential earthquakes include fault rupture and ground shaking with 
its secondary effects such as liquefaction, ground lurching, lateral spreading, and earthquake 
induced settlement. These constraints and hazards are discussed in the following sections. 

4.1.1 Fault Rupture 
Historic occurrences of surface fault rupture have generally followed pre-existing active fault 
traces. Since there are no known active faults in the project study area, the hazard associated 
with surface fault rupture is considered to be very low. No known active faults cross the study 
area including the alignments under consideration. In addition, the project area and the 
alignments are not located within a State of California, Alquist-Priolo Earthquake Fault Zone.  

4.1.2 Ground Shaking 
During a moderate to severe earthquake occurring on the previously mentioned faults, strong 
ground shaking of the study area will probably occur. Collapsed structures, cracked walls or 
foundations, broken utility lines, cracked pavement, and ground failure may occur due to strong 
ground shaking during a major seismic event. Most earthquake damage is the result of ground 
shaking and its secondary effects (liquefaction, lurching, lateral spreading, and earthquake-
induced settlement). These effects are discussed below. 
 

Liquefaction 

 
Soil liquefaction is the sudden and total loss of soil strength during earthquake-induced ground 
motion. Liquefaction occurs in loose, saturated, clean sand where ground shaking increases 
effective pore pressure resulting in the displacement of individual sand grains and groundwater. 
During liquefaction, the soil transforms into a fluid-like state, allowing displacement of water and 
the potential mobilization of sand if not confined. Soil liquefaction potential is governed by the 
physical properties of the soil, such as sediment grain-size distribution, compaction, cementation, 
saturation, layer thickness, and depth. Liquefaction is also governed by the degree and duration 
of ground motion. Earthquake-induced settlement, sand boils at the surface, foundation failures, 
and abrupt ground loss can be caused by liquefaction.  
 
Liquefaction potential is a function of both the susceptibility of surficial deposits to liquefaction and 
the probability that earthquake ground motions exceeding a specified threshold level, or 
opportunity.  Although shaking potential is not uniformly distributed across the San Francisco Bay 
region, the use of a liquefaction susceptibility maps as proxies for liquefaction potential maps is 
reasonable because probabilistic ground motions exceed levels sufficient to liquefy susceptible 
deposits across most of the region (Witter et al. 2006). The liquefaction susceptibility map for the 
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project study area is presented in Figure 4. This map is based on the liquefaction susceptibility 
data presented in the GIS digital database of Witter et al. (2006). Table 3 includes the liquefaction 
susceptibility of each of the geologic units in the study area.  
 
Table 3 – Liquefaction Susceptibility of Quaternary Geologic Units in Project Study Area1 

 
Notes: (1) Table modified from Witter et al. (2006).  

(2) The liquefaction susceptibility of artificial fill ranges widely, depending largely on the nature of the fill 
material and whether or not it was compacted.  

 

Ground Lurching 

 
Ground lurching is the horizontal movement of ground located adjacent to slope faces caused by 
seismic forces exerted on the soil during an earthquake. It can occur in areas underlain by soft or 
weak deposits and often results in longitudinal cracking parallel to the slope face at some distance 
setback from the top of the slope as well as permanent displacement. The majority of the project 
study area is located within relatively flat areas of Santa Clara Valley. Fill embankments/levees 
and existing slopes located within the pipeline corridors, such as along river banks, or alongside 
freeways have the potential to experience ground lurching. However, due to the depth of the 
buried pipeline, and the overall topography along the proposed alignments, the potential for 
ground lurching to impact these alternatives is considered low. 
 

Lateral Spreading 

 
Lateral spreading is the horizontal displacement of soil during an earthquake due to ground failure 
of the subsurface layers. It can occur in loose, unconfined sedimentary and fill deposits but can 
also occur in consolidated fills over liquefiable sand or soft mud deposits, resulting in the overlying 
soils mass deforming laterally towards a free face. The potential for lateral spreading is highest in 
areas underlain by loose, saturated materials, especially where bordered by steep banks, 
adjacent hard ground or slope. The topography within the project study area is such that the 

Creek Major Major + Minor Sunnyvale

af Artificial fill Historical Various lithologies yes <15 Y Y
afem Artificial fill over estuarine mud Historical Various lithologies yes <5 Y Y Y
alf Artificial levee fill Historical Various lithologies yes <15 Y Y Y Y
acf Artificial channel fill Historical Various lithologies no? <10

ac Artificial stream channel Historical Various lithologies yes <10 Y

Qhc
Historical stream channel 
deposits

Historical
Loose sand, gravel and cobbles, with minor silt and 
clay; poorly to well sorted. 

yes <5 Y Y Y Y

Qhfy Alluvial fan deposits Latest Holocene
Gravel, sand, silt and clay; moderately to poorly sorted 
and bedded. 

yes <10 Y Y Y

Qhly Alluvial fan levee deposits Latest Holocene Simliar to Qhfy, except coarser. yes <10 Y

Qhty Stream terrace deposits Latest Holocene
Sand, gravel, silt, and minor clay; moderately to well 
sorted and bedded. 

yes <10 Y Y

Qhbm San Francisco Bay Mud Holocene Silt, clay, peat and fine sand. yes <5 Y Y

Qhfe
Alluvial fan-estuarine complex 
deposits

Holocene
Fluvial sand, silt and clay overlying or interfingering with 
Bay mud (Qhbm).

yes <10 Y Y Y Y

Qhf Alluvial fan deposits Holocene
Sand, gravel, silt, and clay; moderately to poorly sorted 
and bedded.

yes <15 Y Y Y Y

Qhff Alluvial fan deposits, fine facies Holocene
Clay and silt, interbedded with deposits of sand and 
gravel. 

yes <10 Y Y Y Y

Qhl Alluvial fan levee deposits Holocene Loose sand, silt and clay; moderately to well sorted. yes <15-20 Y Y Y Y

Qht Stream terrace deposits Holocene
Sand, gravel, silt, and minor clay; moderately to well 
sorted and bedded. 

yes <15 Y

Qpf Alluvial fan deposits Latest Pleistocene
Sand, gravel, silt, and clay; moderately to poorly sorted 
and bedded; denser than the younger alluvial fan 
deposits. 

no <30 Y Y

Formation Encountered Along Alignment
Typical 
depth to 
ground 

water (ft)

Historical 
Liquefaction? 

Description
Geologic 

Unit
Lithologic DescriptionAge
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majority of the alignments are relatively flat. However, limited reaches of the project study area 
adjacent to Cayote Creek, Guadalupe River and San Tomas Aquino Creek, as well as other 
creeks and streams may have limited potential susceptibility to lateral spreading. This condition 
applies primarily to the Creek alternative 

Earthquake Induced Settlement 

Earthquake-induced settlement is compression of the underlying loose soils due to liquefaction 
or densification that occurs during strong ground shaking and causes uneven settling of the 
ground surface. The potential for such a hazard is present along the pipeline alignment 
alternatives in areas mapped to have the potential to be susceptible to liquefaction. Other areas 
mapped with non-engineered artificial fill may also be susceptible to earthquake induced 
settlement.  

5 Geologic Constraints and Limitations 
The project study area is covered predominantly in alluvial deposits consisting of various geologic 
units. Potential geologic constraints and limitations associated with pipeline design and 
construction considerations are presented below:   

5.1 Shallow Groundwater 
Throughout much of the Project study area, the historical high ground water depth is considered 
to be shallow, with approximately half of the study area having a historical high groundwater depth 
of less than 10 ft. Based on the depth of the historical high groundwater, it is anticipated that 
dewatering and groundwater control would likely be required during construction and installation 
along segments of the pipeline north of Route 82 and other below grade structures where the 
bottom is more than 10 feet below grade.  

5.2 Oversized Materials and Hard Bedrock 
Oversized materials include boulders and other large rock fragments with a minimum dimension 
of 12 inches. Oversized materials and/or bedrock pose a problem during construction such that 
special equipment might be required to facilitate trench excavation, earthwork removal and 
disposal. In addition, such material is generally not suitable for use as backfill. In the study area, 
there is no surficial bedrock mapped, and therefore constructability issues due to bedrock are not 
a concern. However, oversized materials may pose problems during construction in alignment 
areas mapped as artificial fill which may have unknown conditions and oversized materials. A 
limited portion of the creek alignment and the major street alignment near the intersection of Route 
237 are mapped in areas underlain by the artificial fill. 

5.3 Bay Mud and Estuarine Deposits 
Bay Mud (Qhbm) deposits and other deposits which contain Bay Mud, such as Alluvial fan-
estuarine complex deposits (Qhfe) and Artificial fill over estuarine mud (afem), can be found in 
the northern-most part of the study area. Portions of the Major Street, Major and Minor Streets 
alignment alternatives north of Route 237 to SVAWPC will likely traverse these soft deposits. In 
addition, a short segment of the creek alignment near the connection to SVAWPC will like traverse 
this deposit. Construction difficulities associated with soft subgrade, wet and saturated soils could 
be anticipated for pipe installation in these areas.  
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5.4 Liquefaction and Earthquake-Induced Settlement 
As shown on the Liquefaction Susceptibility Map, Figure 4, portions of the study area have a high 
to very high susceptibility to liquefaction. These areas are mostly found in natural and artificial 
stream, channel and levee deposits. There is also a very high susceptibility to liquefaction in 
deposits where artificial fill is placed over estuarine deposits, and a high susceptibility in alluvial 
fan-estuarine complex deposits. A majority of the Creek Alignment to the north of State Route 
101 and near the connection to Los Gatos Recharge Ponds are mapped in areas considered to 
have high to very high potential for liquefaction susceptibility.  

In comparison, only a small segments of the major street and major and minor street alignments 
are located in areas mapped to have the potential to experience soil liquefaction. These alignment 
options are at the northern portion of the project area in the vicinity of Route 237 and SVAWPC. 
The Sunnyvale alignments are not mapped in areas with high to very liquefaction potential. 

It should be noted that the areas with high to very potential for liquefaction are also susceptible to 
earthquake-induced settlement.   

5.5 Fault Rupture 
No known active faults traverse the study area. The potential for fault rupture to affect the pipeline 
corridor is considered low.  

5.6 Summary of Geology Constraints 
A summary of the geologic constraints and the approximate percentage of the alignment where 
such constraints may be encountered are tabulated in Table 4. 

 Table 4 – Summary of Geologic Constraints 

Constraints 
Approximate Percent of Alignment 

Creek Major Street 
Major+Minor 

Streets 
Sunnyvale1 

Shallow Groundwater 
(<10 ft) 

50% 50% 50%
100% of the 
northern and 

middle alignment 
Oversized 

Material/Bedrock 
<10% <5% <5%

<5% (all 
branches) 

Bay Mud/Estuarine 
Deposits 

<5% <10% <10%
<5% of northern 

alignment 
Liquefaction/Earthquake 

Induced Settlement 
25 to 50% <20% <20% 

<20% of northern 
alignment 

Fault Rupture None None None None 
Notes: 1. Branches not noted are not affected 

Based on summary of constraints in Table 4, the Creek alignment has the most limitations with 
regard to groundwater and liquefaction susceptibility. The Major and Major + Minor Street options 
appear to weigh similarly with respect to various geologic constraints. For the Sunnyvale 
alignment, the northern alignment has the most geologic constraints.   
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6 Confirmation of Subsurface Conditions 
The constraints and limitations discussed in Section 5 are only the potential geological and 
geotechnical constraints. These potential constraints are based on our review of information in 
existing geologic maps and reports. The review should be considered preliminary and the 
presence and extent of these hazards should be confirmed once the preferred alignment is 
selected for project design to verify their actual presence or absence by site-specific geotechnical 
investigations. At a minimum, borings should be performed along the alignment and soil samples 
should be collected to characterise the engineering properties of the geologic unit in the vicinity 
of proposed pipelines and other facilities for final design. The site specific investigation data 
should be incorporated into the final design of these project features and any other new facilities. 
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Figure 1 Geology Map 

Figure 2 Historical High Groundwater Map 

Figure 3 Fault Map 

Figure 4 Liquefaction Susceptibility Map 
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Figure Figure 1
Geologic Map

Notes

Legend
Alignment 1 - Creeks
Alignment 4 - Major Streets
Alignment 5 - Major & Minor Streets
Sunnyvale Branches
Project Study Area

Historical Deposits (<150 years)
af; Artificial fill 
afem; Artificial fill over estuarine mud
alf; Artificial levee fill
acf; Artificial channel fill
adf; Artificial dam fill
gq; Gravel quarries and percolation ponds
ac; Artificial stream channel
Qhc; Historical stream channel deposits

Latest Holocene (< 1,000 years)
Qhfy; Alluvial fan deposits
Qhly; Alluvial fan levee deposits
Qhty; Stream terrace deposits

Holocene (<11,800 years)
Qhbm; San Francisco Bay mud
Qhfe; Alluvial fan-estuarine complex deposits
Qhf; Alluvial fan deposits
Qhf1; Younger alluvial fan deposits
Qhf3; Older alluvial fan deposits

Qhff; Alluvial fan deposits, fine facies
Qhl; Alluvial fan levee deposits
Qhl1; Younger alluvial fan levee deposits
Qhl3; Older alluvial fan levee deposits
Qht; Stream terrace deposits
Qht1; Younger stream terrace deposits
Qht2; Older stream terrace deposits
Qha; Alluvial deposits, undifferentiated

Holocene to Latest Pleistocene (<30,000 years)
Qf; Alluvial fan deposits
Qt; Stream terrace deposits
Qt1; Younger stream terrace deposits
Qt2; Older stream terrace deposits
Qa; Alluvial deposits, undifferentiated

Latest Pleistocene (11,800 to 30,000 years)
Qpf; Alluvial fan deposits
Qpt; Stream terrace deposits
Qpa; Alluvial deposits, undifferentiated

Early to Late Pleistocene (>30,000 to 1.8M years)
Qof; Alluvial fan deposits
Qot; Stream terrace deposits
Qoa; Alluvial deposits, undifferentiated
Water
br; Bedrock ± 0 2 41
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