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PRELIMINARY GEOTECHNICAL REPORT 
A2-UPRR/SR99 ALIGNMENT 

CALIFORNIA HIGH-SPEED TRAIN PROJECT 
(MERCED - FRESNO SECTION) 

MERCED-MADERA-FRESNO, CALIFORNIA 
 

1.0 INTRODUCTION 

 

This report presents the results of our preliminary geotechnical data analyses for the Merced – 

Fresno Section of California High-Speed Train Project located along State Route (SR) 99 within 

the following three Counties: Merced, Madera and Fresno in the southeastern portion of the 

Central Valley of California as indicated on the Project Location Map, Plate 1. 

 

Based on the information published on the official website of The California High-Speed Rail 

Authority (Authority) (http://www.cahighspeedrail.ca.gov/), the Authority is proposing an 800 

mile-long high-speed train system that would connect the San Francisco Bay Area and Sacramento 

in the north, through the Central Valley to Los Angeles, Orange County and San Diego in the south. 

This fast, safe and reliable system is forecast to carry 93 million passengers annually by the year 

2030. Comprehensive program-level environmental studies to determine overall route and station 

locations were completed in 2005 and 2008. The November 2008 California voter approval of 

$9.95 billion in bonds helped to move the program forward and project-specific environmental 

studies are now underway. 

The Merced to Fresno section of the High-Speed Train (HST) system is 60 miles long and includes 

the junction that permits high-speed trains to be routed either to Sacramento or San Francisco in 

the north. Proposed route alternatives generally follow either the Burlington Northern Santa Fe 

(BNSF), the Union Pacific (UP) railroads or a new alignment a few miles west of SR 99 

throughout the section. HST stations are proposed in Downtown Merced and Fresno and a heavy 

maintenance and repair facility will be evaluated in the Merced to Fresno HST project area. The 

study of this report is mainly focused on the corridor which is 0.5 mile on both sides of SR 99 (1 

mile wide). All Post Mile (PM) numbers referred to in this report are PM along SR 99. 

The scope of services of Parikh Consultants, Inc. included the following main elements:  

 

1. Research available literature and geotechnical studies within the project limits for use to 

identify and resolve geotechnical-related design and cost issues; 

2. Discuss preliminary Geotechnical (Typical Foundation Design) recommendations based 

on available geotechnical data. 
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2.0 REVIEW OF EXISTING DATA 

 

The subsurface conditions along the proposed alignment were studied by reviewing readily 

available existing subsurface data. A variety of published and unpublished references related to 

geotechnical, geologic, and seismic conditions along the alignment were reviewed. Subsoil 

information was collected mainly from the following three (3) sources: 

 

1. Logs of Test Borings (LOTBs) in Caltrans As-Built plans for existing bridges along SR 99; 

2. LOTBs from Geotracker (http://geotracker.swrcb.ca.gov/). Geotracker is a database and 

geographic information system (GIS) that provides online access to underground storage 

tank leak case data.  

3. Several geotechnical investigations conducted for projects in the immediate vicinity of the 

alignment by Parikh Consultants, Inc. 

 

Geotechnical data collected from previous investigations are listed in the table of Bridge and 

Reference Project List in Appendix A. The approximate project locations are shown in the 

Geologic Map and Site Plan (Plate 2). The projects are referenced from Fresno County moving 

north to Merced County. Details of the subsurface conditions encountered at each boring location 

are presented in Appendix A. Where appropriate, data from these explorations have been used to 

evaluate the subsurface conditions along the alignment and provide preliminary geotechnical 

engineering recommendations. 

 

3.0 GEOLOGIC SETTING 

 

3.1 Regional Geology and Soils 

 

The Project Site is located in the southeastern portion of the Great Valley geomorphic province, a 

relatively flat alluvial plain composed of a deep sequence of sediments in a bedrock trough. The 

Great Valley is bounded on the west by the South Coast Ranges and on the east by the Sierra 

Nevada Mountains. Erosion of the South Coast Ranges and the Sierras has produced the sediments 

deposited in the Great Valley. Deposition in the Valley was mainly marine until the beginning of 

the Pliocene epoch (approximately 5.3 million years ago) when the Valley’s seas retreated beyond 

the Carquinez Strait and were replaced by freshwater rivers and lakes. Today, the Valley is drained 

by the Sacramento River from the north and the San Joaquin River from the south. Geographically 
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and topographically, the Valley has been shaped by the Sacramento and San Joaquin Rivers and 

their tributaries. The rivers meet approximately 35 miles south of Sacramento and discharge 

through the Sacramento–San Joaquin Delta into San Francisco Bay and the Pacific Ocean. 

 

A series of predominately nonmarine Tertiary clastic deposits rest upon granite and metamorphic 

basement along the northeastern margin of the San Joaquin Valley and Cretaceous marine 

sedimentary rocks at depth beneath the valley floor.  Bedding within these sediements generally 

dip gently southwestward beneath the alluvial deposits which cover most of the valley bottom. 

 

The North Merced pediment is an erosional surface of low relief that cuts across a variety of rock 

types with regional extent and is covered by a thin (usually less than 2 meters thick) deposit of 

coarse locally derived gravel (North Merced Gravel) that appears to have been deposited in a 

semiarid climate similar to that of the present.  Subsequently, younger deposits were laid down on 

topography that had been deeply incised into the North Merced surface. 

 

Soil development in these well-drained relatively uneroded arkosic parent materials of similar 

grain size distribution shows several trends with increasing age: (1) increased thickness of 

horizons and depth to freash parent material, (2) redder hues, (3) brighter chromas, (4) lower pH, 

(5) sharper definition of horizon boundaries and more horizons, and (6) sequential development of 

Cox, AC, cambric B, weak argiilic horizons and finally, a very strong argillic horizon.  

 

3.2 Local Geology and Soils 

 

General geologic features pertaining to the site were evaluated by reference to the Generalized 

Geologic Map of the Merced-Madera Area, Northeastern San Joaquin Valley, California (PLATE 

1) in Late Cenozoic Stratigraphic Units, Northeastern San Joaquin Valley, California; U.S. by 

Marchand, D.E.; and Allwardt, A.; 1981; Geological Survey Bulletin 1470.  Refer to Plates 2-1 

through 2-22. 

 

Soils mapping and related data for Madera Area (CA651) and Eastern Fresno Area (CA654) were 

acquired from the Natural Resources Conservation Service (NCRS) website 

(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) by U.S. Department of Agriculture, 

NRCS (formerly the Soil Conservations Service).  Refer to Plates 2-23 through 2-27. 
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In general, the mapped geologic units within the project corridor include (from oldest to youngest) 

the Turlock Lake, Riverbank, and Modesto Formations and post-Modesto Deposits.  

 

The Modesto, Riverbank, and Turlock Lake Formations are all Pleistocene in age and comprise the 

major surface and near-subsurface stratigraphic and lithologic units in the project area. These three 

formations are similar because of the arkosic nature of their sand and silt fractions, a tendency 

toward upward coarsening sedimentation cycles, deposition as sequential overlapping alluvial 

terrace and fan systems, and probable glacial origin of most of the sediment.  However, they may 

be distinguished from each other on the basis of soil profile development, topographic position and 

expression, local lithologic differences, and unconformities associated with buried soils.  These 

stratigraphic units represent separate alluvial episodes, recorded by fill terraces opening 

westeward onto alluvial fans.  Substantial time intervals between periods of aggradation are 

represented by buried paleosols. 

 

Deposits younger than the Turlock Lake Formation occur as a series of nested terraces incised into 

older deposits near the Sierra Nevada foothills and opening westward onto alluvial fans.  Each 

alluvial fan commonly spills out west of and over the next oldest fan, such that the youngest fans 

are found close to the San Joaquin River and the oldest fans have their heads near the foothills to 

the east. Toward the basin, depositional surfaces converge so that soils and superposition of 

deposits separated by buried soils are the primary distinguishing criteria.  However, lateral and 

vertical lithologic variations within a single unit are frequently more pronounces than differences 

between units.   

 

These formations are similar to one another in four respects: (1) the arkosic nature of their sand 

and silt fraction, (2) a tendency toward upward coarsening sedimentation cycles, (3) deposition as 

sequential overlapping alluvial terrace and fan systems, and (4) probable glacial origin of much of 

the sediment. 

 

These formations differ in age, topographic expression, geomorphic position, post-depositional 

soil development, and geographic occurrence.  Some minor lithological differences in present 

surface exposures are apparent although not necessarily significant: well-stratified silt and fine 

sand seem to be more commonly exposed in both units of the Turlock Lake Formation and the 

Modesto Formation than in the three units of the Riverbank Formation; gravel tends to be common 

in both members of the Modesto Formation and in the upper part of the lower Turlock Lake but 
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less abundant in the upper unit of the Turlock Lake and in the Riverbank.  The gravel in the upper 

member of the Modesto is confined to relatively narrow channels and may reflect reworking of 

coarse fragments from older deposits. 

 

Following are generalized descriptions of the four geologic units (from the oldest to the youngest) 

that are exposed within the project area.  Refer to Plates 2-1 through 2-23 for the mapped extent 

of each unit within the project area. 

 

Turlock Lake Formation: The Turlock Lake Formation overlies the North Merced Gravel 

Formation and forms extensive subsurface deposits throughout the San Joaquin Valley.  It is the 

oldest unit exposed in the project area.  

 

The Turlock Formation consists primarily of arkosic alluvium, mostly fine san, silt, and in places 

clay at the base grading upward into coarse sand and occasional coarse pebbly sand or gravel.  The 

pebbles are of granitic as well as metamorphic, volcanic, and quartz-vein rocks and are in most 

places not as large nor as abundant as those in the underlying older units.  The gravel and sand beds 

are typically massive, lenticular, cross-bedded, and difficult to trace laterally.  The beds of finer 

grained sediment are commonly well-sorted, well stratified, and internally laminated.  In many 

places the beds contain virtually unweathered grains of micas, feldspars, and mafic minerals.  The 

Turlock Lake Formation slopes westward beneath the overlying younger alluvial deposits at a very 

gentle gradient of about 3 meters per kilometer.  Its thickness varies from 50 to 230 meters in the 

Chowchilla area, thickening toward the west. 

 

The Turlock Lake Formation was deposited between 1,000,000 and 600,000 years before present. 

 

Riverbank Formation: The Riverbank Formation underlies the Modesto Formation and is 

composed of heterogeneous sediments that are poorly sorted with a variety of mineralogies.  It 

consists primarily of sand containing some scattered pebbles, gravel lenses, and some interbedded 

fine sand and silt. 

 

The Riverbank Formation consists primarily of arkosic sediment derived mainly from weathering 

and erosion the interior of the Sierra Nevada granite batholith.  Its terraces and fans truncate or cut 

into Turlock Lake alluvium or fill in post-Turlock Lake gullies and ravines.  They slope gently 

toward the west beneath fan deposits of early Modesto age. 
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The Riverbank Formation is similar to the overlying Modesto Formation in its distinguishable 

features but is more massively bedded with a few gradational bedding planes. 

 

The Riverbank Formation was deposited between about 450,000 and 130,000 years before present. 

 

Modesto Formation: The Modesto Formation and the associated post-depositional alluvium 

comprise the youngest unit of the alluvial fans that blanket much of the project area. These 

deposits cover a large part of the central San Joaquin Valley, and include fan, axial basin, and river 

channel deposits. In the project area, Modesto Formation sediments are generally a 10 to 30 feet 

thick veneer that shows little if any erosional modification. The Modesto Formation is a 

heterogeneous unit comprised of a wide spectrum of mineralogies, principally of granitic and 

metamorphic origins but include some volcanics. Modesto Formation is typically massive, without 

any distinguishable gradational bedding planes. 

 

The Modesto Formation was deposited between 100,000 and 9,000 years before the present. 

 

Post-Modesto Deposits: Holocene deposits that have been deposits upon the Modesto Formation 

in the northeastern San Joaquin Valley are located close to modern drainageways.  Most small 

foothill streams have not built post-Modesto fans.  In general, post-Modesto deposits are relatively 

thin and essentially unweathered, having been laid down within the past 8,000 years. 

 

Weathering has produced soils on the geologic units described above.  Detailed soil survey 

mapping has been completed over the entire project area.  Soils units mapped within the southern 

portion of the project area (not covered by the USGS geologic map in Bulletin 1470) include the 

sandy loams and loams of the Delhi, Exeter, Hanford, Hesperia, and San Joaquin Series.  Refer to 

Plates 2-23 through 2-27. 

 

3.3 Regional Seismicity 

 

The proposed corridor is located within the Great Valley seismo-tectonic province, a region of 

relative seismic quiescence and tectonic inactivity. This is bounded to the west by the 

seismically-active central Coast Ranges. The Coast Ranges are traversed by faults of the San 

Andreas Fault system, including the San Andreas Fault itself, as well as several other active faults. 
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These faults accommodate the movement between the Pacific and North American tectonic plates, 

which has been the source of a number of large, damaging earthquakes during historic time. 

 

The Fault Map, Plate 3, shows the approximate position of the major fault zones, and the location 

of the Project Site in relation to them. The following table (Summary of Major Faults Affecting the 

Project Site) contains the estimated parameters for earthquakes on several known faults affecting 

the vicinity. 

 

Summary of Major Faults Affecting the Project Site 

Fault Name Fault ID Type Mmax 
Distance 

KM / mile 

San Andreas Fault Zone 310, 311, 312 RLSS 7.9 97.2 / 60.7 

Calaveras fault zone  

(Paicines Fault) 
324 RLSS 7.4 88.0 / 55.0 

Calaveras  fault zone (Southern 

Calaveras section) 
323 RLSS 7.4 89.0 / 55.6 

Sargent Fault  

(Southeastern section) 
405 RLSS 6.8 92.5 / 57.8 

Quien Sabe Fault zone 149 RLSS 6.4 81.0 / 50.6 

Ortigalita Fault 386, 387, 388, 389 RLSS 7.1 57.8 / 36.1 

Owens Valley Fault 392, 391 RLSS 7.6 136.5 / 85.3 

 

 

3.4 Regional Significant Active Faults 

 

The active or potentially active faults of most significance to the project are the San Andreas Fault 

Zone and Ortigalita Fault. Earthquakes originating on both of these faults have caused severe 

ground shaking at the site in the past and have the potential to do so in the future. 

 

San Andreas Fault: The alignment is located approximately 60.7 miles (97.2 KM) northeast of 

the San Andreas Fault. This fault is the largest active fault in California and extends from the Gulf 

of California to Cape Mendocino in northern California. The 1906 San Francisco Earthquake 

originated along the San Andreas Fault and had a magnitude of Mw 7.9.  The United States 

Geological Survey’s Working Group (WGCEP, 2003) have estimated the probability of at least 

one earthquake with magnitude greater or equal to 6.7, occurring along San Andreas Fault before 

2031, to be 21%. 
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Ortigalita Fault: The Ortigalita fault is a 41 miles (66 KM) long, north-northwest-striking, 

right-lateral strike-slip fault located in the southern Diablo Range, 36.1 miles (57.8 KM) southwest 

of the project site.  The surface trace of the Ortigalita fault extends from Panoche to southeast of 

Mount Stakes. The fault consists of two distinct geometric segments, separated by a 3.1-mile (5 

KM) wide right-step across San Luis Reservoir. Much of the fault is delineated by persistent 

micro-seismicity, the fault is marked by numerous indicators of recent strike-slip faulting, such as 

deflected drainages, shutter ridges, side-hill benches, and vegetation lineaments. The Maximum 

Credible Earthquake (MCE) for the Ortigalita fault is Mw 6.9, with an effective recurrence of 1100 

years.  

 

4.0 SITE CONDITIONS 

 

4.1 General Surface Conditions 

 

The Great Valley province comprises a large, elongated, north-trending valley situated between 

the Coast Ranges on the west and the Sierra Nevada on the east. Much of the Great Valley is at 

elevations near sea level. Although most of the valley is rural, it does contain urban cities such as 

Fresno, Madera, Chowchilla and Merced within the project limits.  

 

The project site is generally between 170 and 300 feet above mean sea level, with rolling terrain of 

varying grades with occasional exposures of non-marine sediments. Based on the published 

information (http://en.wikipedia.org/wiki/), along the project alignment from south to north, the 

average elevations are approximately 296 feet (90 M) at Fresno area, 271 feet (83 M) at Madera 

area, 240 feet (73 M) in Chowchilla area and 171 feet (52 M) in Merced area. 

 

4.2 Surface-Water Hydrology 

 

The San Joaquin River receives water from tributaries draining the Sierra Nevada and Coast 

Ranges, and except for streams discharging directly to the Sacramento–San Joaquin Delta, is the 

only surface-water outlet from the project area. The other main waterways within the project area 

are the Chowchilla Rive and the Fresno River. The surface-water distribution systems within the 

project area also include numerous creeks, canals and laterals. 
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4.3 General Subsurface Soil Conditions 

 

Soils throughout the project corridor are generally uniform. Alluvial sediments characteristics are 

layers of silty sand, clayey sand, and sandy silt, underlain by poorly graded sand (generally derived 

from erosion of decomposed granite) and sandy silt. 

 

The project is located in the southeastern part of the San Joaquin Valley. Alluvial, Pleistocene 

non-marine, and other non-marine deposits of the eastern part of the valley were derived primarily 

from the weathering of granitic intrusive rocks of the Sierra Nevada, with lesser contributions from 

the sedimentary and metasedimentary rocks of the foothills. In the eastern part of the valley, 

sediments derived primarily from the Sierra Nevada are highly permeable, medium-to 

coarse-grained sands with low total organic carbon, forming broad alluvial fans where the streams 

enter the valley. These deposits generally are coarsest near the upper parts of the alluvial fans and 

finest near the valley trough. Dune sand consists of well-sorted medium-to-fine sand, as much as 

140 feet thick. 
 

Stream-channel deposits of coarse sand occur along the San Joaquin River and its major east side 

tributaries. In the valley trough, the stream-channel deposits are flanked by basin deposits of 

varying extent. The basin deposits are interbedded lacustrine, marsh, overbank, and 

stream-channel sediments deposited by the numerous sloughs and meanders of the major rivers. 

The soils that have developed on these deposits generally have a high clay content and low 

permeability 

 

4.4 General Groundwater Conditions 
 

Based on the USGS Water-Resources Investigation Report 97-4205, groundwater is generally 

within 10 to 50 feet of the land surface in the project area; this coincides roughly with the findings 

from review of existing geotechnical data in the project area. Please refer to Plate 4, General 

Groundwater Conditions for more details. 

 

5.0 PRELIMINARY EVALUATIONS AND RECOMMENDATIONS 

 

The following preliminary evaluation and recommendations are based upon our understanding of 

the proposed construction and the findings from review of existing data. If the above-described 

project conditions are incorrect or changed subsequently, or subsurface conditions encountered 
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during construction are significantly different from those reported, Parikh Consultants should be 

notified and these discussions and recommendations must be re-evaluated to make appropriate 

revisions. These preliminary discussions and recommendations are to assist in defining the overall 

design program. Detail studies will be required during the Design Phase of the project.  

 

5.1 Geologic Hazards 

 

The following subsections discuss the potential geologic hazards that might exist in the project 

area based on the literature search and research of the existing data. More detailed studies for the 

California High-Speed Train program should be undertaken in the design phase. The discussions 

in the following sections are therefore preliminary. 

 

5.1.1 Fault Rupture 

 

A surface fault rupture occurs when an active fault intercepts and offsets the earth’s surface. The 

State of California has delineated zones around active faults in accordance with the Alquist-Priolo 

Earthquake Fault Zone Act of 1971 in order to mitigate for the effects of surface faulting. No 

portion of the project alignment is within a State of California Alquist-Priolo Earthquake Fault Zone, 

and no active faults are known to cross the alignment. Therefore, the risk of fault rupture occurring 

across the alignment is considered low. 

 

5.1.2 Seismic Ground Shaking 

 

During an earthquake, seismic waves are produced that radiate in all directions from the source 

fault rupture. Seismic waves can produce strong ground shaking that is typically strongest near the 

source fault and attenuates as the waves move away from the source. The severity of ground 

shaking is controlled by the interaction of source magnitude, distance travelled, and the type, 

thickness, and condition of underlying geologic materials. Areas underlain by unconsolidated, 

recent alluvium or fill may amplify the amplitude and duration of strong ground motions. 

 

The strongest ground shaking at the project area is expected to be as a result of an earthquake 

originating on the  San Andreas Fault (Mmax=7.9) or the Ortigalita Fault (Mmax=7.1) at a 

distance of about 60.7 miles and 36.1 miles, respectively. Both of these faults can produce a peak 

horizontal ground acceleration (PGA) of approximately 0.06g at the project site based on our 
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preliminary evaluation. This potential ground motion value is relatively low compared with more 

active regions of California. Therefore, strong earthquake ground shaking is not considered to be a 

significant seismic hazard at the project site. Nevertheless, severe ground shaking could cause 

structural damages and the derailment of moving or stopped trains, resulting in injuries or deaths. 

Since the consequences could be significant, it is recommended that all structures, foundations and 

embankments must be designed per project specifications for the maximum accelerations 

estimated based on detailed geotechnical investigations during the design stage. 

 

Measures to reduce ground shaking impacts may include ground improvement such as deep soil 

mixing, jet grouting, soil densification, pile supported structures, etc. The use of specific measures 

would depend on soil type and stratigraphy, which would be determined at the project design 

stage. 

 

5.1.3 Liquefaction 

 

Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a temporary but 

essentially total loss of shear strength under the reversing, cyclic shear stresses associated with 

earthquake shaking.  Submerged cohesionless sands and silts with low relative density are the type 

of soils usually susceptible to liquefaction. Clays are generally not susceptible to liquefaction. 

 

The formations mapped in the project area are Tertiary and Quaternary alluvial deposits. These are 

likely to contain deposits of sand and silt, which are potentially liquefiable when saturated. 

However, a PGA of 0.06g is not likely to result in liquefaction of soils at the project site based on 

the geotechnical data collected. We recommend that the liquefaction potential should be further 

evaluated based on the more detailed geotechnical investigation at the design phase. 

 

5.1.4 Lateral Spreading 

 

Lateral spreading refers to lateral ground failure/movement that occurs at sites underlain by 

liquefied soil. It is generally believed that the magnitude of lateral movement of liquefaction 

induced lateral spreading will be small at sites with surface gradients less than about one percent 

where no free face (an abrupt difference in elevation) is present. The project site has a low 

liquefaction potential and relatively flat topography which means there are minimal cuts and 

excavation of slopes necessary for the project. Therefore, seismically-induced liquefaction and 
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lateral spreading are not considered potential hazards along the project alignment. However, there 

are river/stream crossings that are subject to such conditions, therefore site specific studies should 

address such impacts. 

 

5.1.5 Slope Instability 

 

Stability of slopes depends on steepness of the slope, strength of underlying soils, and pore 

pressures in the soil. The relatively flat terrain along the majority of the proposed alignment 

minimizes landslide potential. There may be potential slope stability issues at the banks of 

rivers/creeks that will be crossed with bridges. New slopes may be created at the approaches to 

overcrossing structures, but these embankments will generally be made of engineering fills. 

Significant excavating, grading, or fill placement during construction could introduce temporary 

slope stability hazards at bridge sites or along the track.  

 

5.1.6 Subsidence 

 

Tectonic subsidence, which occurs over a long period of time is currently occurring as a result of 

large scale sediment loading due to erosion of the Sierra Nevada. However, this subsidence is very 

gradual, occurring over an extremely long period of time relative to the project life. Thus, tectonic 

subsidence is not considered to be a hazard along the project alignment. Subsidence due to 

oxidation or dewatering organic-rich soil is not expected to be a problem along the project 

alignment since there are no significant thicknesses of organic-rich sediments present. 

 

In general, subsidence due to rapid sedimentation is not considered a likely mechanism for 

triggering subsidence along the project alignment based on the regional geology. Collapse of 

subsurface cavities in underlying soils or bedrock can result in localized areas of subsidence. The 

sediments and rocks that comprise the various Tertiary and Quaternary stratigraphic along the 

project alignment are sands, silts and clays. These deposits are not considered to contain cavities 

that could collapse and result in surface subsidence.  

 

Subsidence can also result from construction activities, such as withdrawal of water from the 

subsurface soils and loads exerted by construction such as mass fill placement and new heavy 

structures. Subsidence due to groundwater withdrawal has occurred in the past in the San Joaquin 

Valley and continues in some localities today. However, areas that are known to have this type of 
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subsidence are well to the south and east of the site and it is not considered a hazard in the project 

site. Changes in groundwater use within and adjacent to the site in the future may result in potential 

subsidence. 

 

5.1.7 Collapsible Soils 
 

Collapsible soils consist of loose, dry, low-density materials that collapse and compact under the 

addition of water or excessive loading. These soils are distributed throughout the southwestern 

United States, specifically in areas of young alluvial fans, debris flow sediments, and loess 

(wind-blown sediment) deposits. Soil collapse occurs when the land surface is saturated at depths 

greater than those reached by typical rain events. This saturation eliminates the clay bonds holding 

the soil grains together (Mulvey, 1992). Similar to expansive soils, collapsible soils can result in 

structural damage such as cracking of the foundation in response to settlement of the ground 

surface. More detailed site-specific study is needed to evaluate the level of hazard of potential 

collapsible soils in the design phase. 

 

5.1.8 Expansive Soils 

 

Expansive soils are clay-rich soils that have the ability to swell and shrink with wetting and drying. 

The shrink-swell capacity of expensive soils, combined with seasonal variations in moisture, can 

result in differential settlement of foundations and embankments. Based on the subsoil information 

collected, clays and clayey soils were encountered in some portions of the project site, especially 

within Merced County. Even some silts and clays though intermixed with granular soil, could have 

expansion potential. However, the limited extent of these potentially expansive soils within the 

project area indicates the hazard is relatively low. A detailed site-specific geotechnical 

investigation is needed to determine the level of expansion potential for specific locations of the 

site.  

 

5.1.9 Erosion 
 

Wind and water are the primary agents of erosion. Wind erosion is not considered to be a 

substantial hazard within the site region because the surface deposits are older and more 

consolidated and not as susceptible to wind erosion. However, much of the project alignment 

crosses agricultural lands in production, which may at times be more susceptible to erosion when 
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the soils are exposed or tilled. The relatively flat terrain along the project alignment reduces the 

potential for water erosion impacts except along the rivers/creeks. If the bridge structures are 

designed with footings within the creeks/rivers, there is the potential for erosion and scour to affect 

them. 

 

5.2 Natural Chemical Hazards – Corrosion Potential 

 

Several parameters influence soil corrosivity, including soil resistivity, degree of saturation, pH 

level, dissolved salts, redox potential and total acidity. Soil resistivity is a measure of the ability of 

a soil to conduct electrical current and is usually related to the amount of soluble salts in the soil. 

Low resistivity generally indicates a more corrosive condition. Another factor influencing 

corrosion potential is pH level. Soils or water with pH values below pH 7 indicate acidic 

conditions, and hence, a corrosive environment for metals and concrete. Chloride and sulfate 

concentrations in soil also can have a corrosive effect on the buried utilities and foundation 

elements. 
 

The only corrosion testing data available is from the Campus Parkway Overhead (BR. No. 

39-0249 L/R) project done by Parikh Consultants in March 2010. The project site is in Merced 

County at approximate PM 12.50. A summary of the corrosion test results is presented in the 

following table.  
 

Summary of Corrosion Test Results 

Boring 
Depth 

(ft) 
pH 

Minimum 

Resistivity 

(ohms-cm) 

Sulfate 

(ppm) 

Chloride 

(ppm) 

A-07-003 6 8.07 2280 17.8 8.3 

 

Just for reference, per Caltrans Corrosion Guidelines, September 2003, Version 1.0, for structural 

elements, Caltrans considers a site to be corrosive if one or more of the following conditions exist 

for the representative soil and/or water samples taken at the site:  
 

 Chloride concentration is 500 ppm or greater, sulfate concentration is 2000 ppm or greater, 

or the pH is 5.5 or less. 
 

Based on the corrosion test results, the subsoils at the referenced boring location are not considered 

corrosive per Caltrans corrosion design guidelines. More detailed study should be done at the 
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design phase to evaluate the soil corrosivity at each structure location. Special considerations and 

guidelines for foundations and underground facilities in corrosive environments should be 

included in the design documents. This is an important aspect of the foundation design since 

structures at many of the locations may require steel piles for foundation support. 

 

5.3 Foundation Support for Bridge Structures 

The study performed for this report focuses on improvements within the one-mile wide project 

corridor that extends 0.5 mile on both sides of SR 99. All Post Mile (PM) numbers referenced in 

this report are the PM along SR 99 per Caltrans. Caltrans As-Built LOTBs for existing bridges 

along SR 99 were the main references in summarizing subsurface conditions. Several project 

references within the studied corridor were collected from Parikh Consultants, Inc. project library 

and from Geotracker database. These were also referred to in making preliminary 

recommendations. 

The feasibilities of several foundation systems were evaluated for bridge structures at locations of 

the existing highway bridges along the project corridor based on the geotechnical information 

collected. We evaluated three (3) commonly used pile foundations types for preliminary design 

considerations. These include Cast-In-Drilled-Hole (CIDH) pile, PreCast/PreStressed (PC/PS) 

Concrete pile, and driven steel pile (open-ended pipe pile or H pile).  

5.3.1 Bridge Structures - Fresno County 

 

PM 024.42 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2, B5 and B8 drilled in 1953, and Boring Nos. 

B-1, B-2 and B3 drilled in 1990) for Clinton Avenue OC (Bridge No. 42-0183), (Caltrans, 1993), 

existing grade elevation: 292 feet ± to 299 feet ±. 

  

The subsoils generally consist of medium dense to dense sand in the upper 15 to 30 feet (SPT blow 

counts range from 11 to 50+) followed by dense to very dense sand/silty sand (SPT blow counts 

range from  65 to 100+) to the maximum explored depth of 70 feet (B2, March 1990) below 

ground surface. Groundwater was not encountered during field investigation to a depth of 55 feet 

in September 1953 (maximum explored depth: 55 feet). Groundwater was not indicated in the 

LOTBs of March 1990 field exploration. 
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Driven PC/PS concrete piles are recommended because they are both feasible and cost effective. If 

higher bearing capacity is required and the pile must be driven through the very dense sand layer, 

then steel pile is preferred to avoid the possible difficult driving conditions. An allowable bearing 

capacity of 100 tons is recommended for 14-inch square PC/PS pile with embedded pile length of 

55 feet for preliminary estimation. Deep borings at the proposed bridge site based on the final 

design are recommended to derive design recommendations for bridge foundations. 

 

PM 026.22 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-3) for SR 99 On-Ramp By Dakota (Bridge No. 

42-0148) (Caltrans, 1959), existing grade elevation: 290 feet ±. 

  

The subsoils generally consist of medium dense to dense sand in the upper 60 feet (SPT blow 

counts range from 11 to 50+) followed by very stiff to hard clayey silt (SPT blow counts range 

from  20 to 50) to the maximum explored depth of 70 feet below ground surface. Groundwater was 

not encountered during field investigation in February 1957. 

 

CIDH piles of 16-inch diameter were used for the existing bridge. Considering lateral capacity 

and/or uplift requirement and possible difficult driving conditions, CIDH pile is recommended for 

this site. But steel piles may also feasible depend on the structural loads. An allowable bearing 

capacity of 100 tons is recommended for 2 feet diameter CIDH pile with embedded pile length of 

55 feet for preliminary estimation. Deep borings at the proposed bridge site based on the final 

design are recommended to derive design recommendations for bridge foundations. 

 

PM 026.55 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-5 & B-6) for Ashlan Avenue OC (Bridge No. 

42-0140) (Caltrans, 1959), existing grade elevation: 292 feet ± to 293 feet ±. 

  

The subsoils generally consist of medium to dense sand (SPT blow counts range from 20 to 50+) in 

the upper 70 feet followed by hard sandy silt to a maximum explored depth of 75 feet below 

ground surface. Groundwater was not encountered during field investigation in February 1957. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 60 feet for preliminary 
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estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 027.31 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 and B-3) for Biola Junction (Bridge No. 42-0131) 

(Caltrans, 1959), existing grade elevation: 294 feet ±. 

  

The subsoils generally consist of medium dense to very dense sand to silty sand (SPT blow counts 

range from 29 to 90) with interbedded layers of very stiff silt pockets to a depth of approximately 

40 feet, underlain by very dense silty sand to hard sandy silt (SPT blow counts range from 29 to 42) 

to the maximum explored depth of 65 feet below ground surface. Groundwater was encountered at 

elevation 239 feet ± (56 feet ± below ground surface) in February 1957. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 58 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 028.10 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2, B-3 & B-4) for Shaw Avenue OC (Bridge No. 

42-0130) (Caltrans, 1959), existing grade elevation: 293 feet ± to 296 feet ±. 

  

The subsoils generally consist of medium dense to dense sand (SPT blow counts range from 23 to 

33) with interbedded very stiff silt pockets in the upper 54 feet, followed by dense silty sand (SPT 

blow counts range from 36 to 48) to the maximum explored depth of 60 feet below ground surface. 

Groundwater was not encountered during field investigation in February 1957. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 
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PM 028.40 (SR 99 

Reference: As-Built LOTB (Boring Nos. B-1, B-3 & B-11) for Herndon Canal (Bridge No. 

42-0129) (Caltrans, 1958), existing grade elevation: 300 feet ±. 

  

The subsoils generally consist of dense sand/silty sand (SPT blow counts range from 40 to 42) in 

the upper 10 feet, underlain by very stiff sandy silt (SPT blow counts range from 26 to 30) to a 

depth of approximately 40 feet, followed by dense sand/silty sand (SPT blow counts range from 32 

to 40) to a maximum explored depth of 55 feet below ground surface. Groundwater was not 

encountered during field investigation in February 1957. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 60 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 030.48 (SR 99) 

Reference: As-Built LOTB (Boring No. B-1) for Grantland Avenue UC (Bridge No. 42-0127) 

(Caltrans, 1958), existing grade elevation: 291 feet ±. 

  

The subsoils generally consist of very loose sand with gravel (SPT blow count 3) in the upper 10 

feet, underlain by dense sand/silty sand (SPT blow counts range from 32 to 34) with few 

interbedded hard sandy silt lenses to the maximum explored depth of 45 feet below ground 

surface. Groundwater was not encountered during field investigation in February 1957. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 50 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 030.99 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-4) for Herndon Canal (Bridge No. 42-0126) 

(Caltrans, 1958), existing grade elevation: 285 feet ± to 287 feet ±. 
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The subsoils generally consist of medium dense to dense silty sand with gravel (SPT blow counts 

range from 15 to 43) in the upper 20 feet, underlain by medium dense to very dense sand/silty sand 

(general SPT blow count of 17 to 70) with few interbedded stiff to very stiff sandy silt lenses to a 

maximum explored depth of 50 feet below ground surface. Groundwater was not encountered 

during field investigation in February 1955. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 60 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

5.3.2 Bridge Structures - Madera County 

 

PM 00.08 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2, B-6 & B-7) for San Joaquin River (Bridge No. 

41-0008) (Caltrans, 1987), existing grade elevation: 225 feet ± to 264 feet ±. 

  

The subsoils generally consist of dense sand to hard sandy silt (SPT blow counts range from 34 to 

45) with intermediate layers of very stiff sandy clay to the maximum explored depth of 

approximately 90 feet below ground surface. Groundwater was encountered at elevation 251 feet ± 

(3 feet ± below ground surface) in July 1984. Further field investigation might be required to 

analyze liquefaction potential due to high ground water table. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 75 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 00.99 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2 & B-4) for Avenue 7 OC (Bridge No. 41-0064) 

(Caltrans, 1962), existing grade elevation: 284 feet ± to 285 feet ±. 
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The subsoils generally consist of very dense sand (generally SPT blow count more then 70) up to a 

depth of approximately 15 feet, underlain by dense to very dense sand to silty sand layers (SPT 

blow count of 34 to 45) to the maximum explored depth of approximately 60 feet below ground 

surface. Groundwater was not encountered during field investigation in August 1961. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 55 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 002.23 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-6) for Avenue 8 OC (Bridge No. 41-0060) 

(Caltrans, 1963), existing grade: 281 feet ±.  

  

The subsoils generally consist of medium dense sand (generally SPT blow count range from 15 to 

23) with occasional silty sand layer up to a depth of approximately 30 feet, underlain by very dense 

sand (generally SPT blow count range from 58 to 100) up to a maximum explored depth of about 

45 feet below ground surface. Groundwater was not encountered during field investigation in 

March 1961. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 50 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 03.56 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2 & B-4) for Avenue 9 OC (Bridge No. 41-0063) 

(Caltrans, 1962), existing grade elevation: 274 feet ± to 276 feet ±. 

  

The subsoils generally consist of medium dense to dense sand to silty sand (SPT blow counts range 

from 24 to 43) with intermediate layers of sandy silt to a maximum explored depth of about 60 feet 
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below ground surface. Groundwater was not encountered during field investigation in June 1961. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 58 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 06.15 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-3 & B-4) for Avenue 11 OC (Bridge No. 41-0061) 

(Caltrans, 63), existing grade elevation: 268 feet ± to 271 feet ±. 

  

The subsoils generally consist of medium dense to dense sand (SPT blow counts range from 16 to 

31) with few pockets of loose silty sand to a depth of approximately 30 feet, underlain by dense to 

very dense sandy silt layers (SPT blow count of 35 to 100) to the maximum explored depth of 

approximately 80 feet below ground surface. Groundwater was not encountered during field 

investigation in August 1961. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 60 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 07.28 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-3, B-7 & B-12) for Cottonwood Creek (Bridge No. 

41-0065) (Caltrans, 1967), existing grade elevation: 270 feet ±. 

  

The subsoils generally consist of medium dense silty sand (SPT blow counts range from 18 to 27) 

with pockets of soft to stiff sandy silt and loose sand to the maximum explored depth of 

approximately 70 feet below ground surface. Groundwater was encountered at elevation 243 feet ± 

to 257 feet ± (27 feet ± to 9 feet ± below ground surface) in August 1961. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 
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allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 65 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 07.46 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-3) for Avenue 12 OC (Bridge No. 41-0066) 

(Caltrans, 67), existing grade elevation: 269 feet ± to 272 feet ±. 

  

The subsoils generally consist of medium dense to dense sand to silty sand (SPT blow counts range 

from 17 to 35) with intermediate very stiff sandy silt layers and pockets of loose sand to the 

maximum explored depth of approximately 70 feet below ground surface. Groundwater was 

encountered at elevation 249 feet ± to 253 feet ± (20 feet ± to 19 feet ± below ground surface) in 

September 61. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 08.72 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2, B-4 & B-5) for Avenue 13 OC (Bridge No. 

41-0062) (Caltrans, 1967), existing grade elevation: 265 feet ± to 267 feet ±. 

  

The subsoils generally consist of loose sand (SPT blow counts range from 6 to 9) to a depth of 

approximately 6 feet, underlain by medium dense to dense sand to silty sand layers (SPT blow 

count of 24 to 36) with intermediate very stiff sandy silt layers to the maximum explored depth of 

approximately 70 feet below ground surface. Groundwater was not encountered during field 

investigation in August 1961. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 
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site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 09.74 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2 & B-3) for South Madera OC (Bridge No. 

41-0046) (Caltrans, 2007), existing grade elevation: 267 feet ±. 

  

The subsoils generally consist of medium dense to dense sand (SPT blow counts range from 21 to 

35) with intermediate very stiff to hard sandy silt and silty clay layers to the maximum explored 

depth of approximately 70 feet below ground surface. Groundwater was encountered at elevation 

230 feet ± (37 feet ± below ground surface) in February 01. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 010.27 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-3 & B-4) for Route 145/99 Separation (Bridge 

No. 41-0047) (Caltrans, 58), existing grade elevation: 268 feet ±. 

  

The subsoils generally consist of loose sand (SPT blow counts range from 6 to 8) up to a depth of 

about 20 feet, underlain by medium dense to dense sand to clayey sand (SPT blow count of 23 to 

35) with intermediate very stiff silt layers up to a maximum explored depth of about 45 feet below 

ground surface. Groundwater was considered to be at or below elev. 226 feet ± (42 feet ± below 

ground surface) in May 1954. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 
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PM 010.84 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-3, B-4) for West Yosemite Avenue (Bridge No. 

41-0049) (Caltrans, 1954), existing grade elevation: 268 feet ±.  

  

The subsoils generally consist of medium dense sand to silty sand with intermediate very stiff silt 

layer (SPT blow counts range from 19 to 22) and few pockets of very loose sand to the maximum 

explored depth of approximately 48 feet below ground surface. Groundwater was encountered at 

elevation 220 feet ± (48 feet ± below ground surface) in April 1954. Further field investigation 

might be required to analyze liquefaction potential due to soil types, densities and ground water 

table. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 
 

PM 011.01 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1& B-4) for West Fourth Street OC (Bridge No. 

41-0050) (Caltrans, 1958), existing grade elevation: 267 feet ±. 
  

The subsoils generally consist of medium dense sand with intermediate very stiff silt layers (SPT 

blow counts range from 17 to 27) up to a maximum explored depth of 70 feet below ground 

surface. Groundwater was encountered at elevation 220 feet ± (47 feet ± below ground surface) in 

April 1954. Further field investigation might be required to analyze liquefaction potential due to 

soil types, densities and ground water table. 
 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 56 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 
 

PM 011.09 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1& B-5) for Madera UP (Bridge No. 41-0051) 
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(Caltrans, 58), existing grade elevation: 267 feet ± to 269 feet ±. 

  

The subsoils generally consist of loose to medium dense sand layer (SPT blow counts range from 

12 to 14) with few pockets of very loose sand and soft silt up to a maximum explored depth of 80 

feet below ground surface. Groundwater was encountered at elevation 224 feet ± (45 feet ± below 

ground surface) in April 1954. Further field investigation might be required to analyze liquefaction 

potential due to soil types, densities and ground water table. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 60 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 011.65 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-3, B-4 & B-6) for Fresno River Bridge (Bridge No. 

41-0052) (Caltrans, 1989), existing grade elevation: 256 feet ± to 271 feet ±. 

  

The subsoils generally consist of stiff to very stiff sandy clay to medium dense clayey sand (SPT 

blow counts range from 15 to 20) up to a depth of about 20 feet, underlain by medium dense sand 

layer (SPT blow count of 22 to 30) to the maximum explored depth of approximately 65 feet below 

ground surface. Groundwater was encountered at elevation 232 feet ± (24 feet ± below ground 

surface) in July 1987. 

 

Based on the Boring MW-6 from the Geotracker database (T0603900177) at PM 11.80, the upper 

65 feet soil conditions are generally consistent with the findings of Caltrans LOTBs at PM 11.65 

except a very dense sand/silty sand layer (SPT blow count of 100+), about 10 feet thick, was 

encountered at the depth of 72 feet followed by dense to medium dense sand/silty sand to the 

maximum explored depth of 125 feet. Groundwater was encountered in MW-6 at the depth of 110 

feet below the existing ground surface on March 21, 2005. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. If higher 

bearing capacity is required and the pile must be driven through the very dense sand layer (at the 

depth of 72 feet in MW-6), then the steel pile is preferred to avoid the possible difficult driving 
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conditions. An allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS 

pile with embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed 

bridge site based on the final design are recommended to derive design recommendations for 

bridge foundations. 

 

PM 012.13 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2 & B-3) for Cleveland Avenue OC (Bridge No. 

41-0053) (Caltrans, 1996), existing grade elevation: 248 to 269 feet ±. 

  

The subsoils generally consist of medium dense sand with trace silt and clay (SPT blow counts 

range from 14 to 18) to a depth of approximately 60 feet, underlain by medium dense silty sand 

layer (SPT blow count of 16 to 22) to the maximum explored depth of approximately 45 feet below 

ground surface. Groundwater was not encountered during field investigation in July 1993.  

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 60 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 012.75 (SR 99) 

Reference: As-Built LOTB (Boring No. B-1) for Avenue 16 OC (Bridge No. 41-0058) (Caltrans, 

1958), existing grade elevation: 260 feet ±. 

  

The subsoils generally consist of medium dense silty sand to a depth of approximately 10 feet, 

underlain by dense sand with gravel to the maximum explored depth of approximately 15 feet 

below ground surface. Groundwater was not encountered during field investigation in 1956. 

Further field investigation might be required to obtain standardized blow counts, in-situ samples, 

and sufficient depth for foundation design. 

 

Driven PC/PS concrete pile or steel piles may be used for structures at this site based on existing 

borings and local geology. The existing boring is too shallow (15 feet) to develop a meaningful 

preliminary recommendation for foundation support at this site. Further geotechnical exploration 

is required for the preliminary foundation type selection and detailed recommendations.  
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PM 014.22 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2, B-4, & B-6) for Avenue 17 OC (Bridge No. 

41-0068) (Caltrans, 1971), existing grade elevation: 260 feet ± to 262 feet ±. 

  

The subsoils generally consist of hard clayey silt to silty clay layer (SPT blow counts range from 

35 to 71) to a depth of approximately 10 feet, underlain by hard sandy silt layer to dense to very 

dense silty sand layer (SPT blow count of 37 to 68) with few medium dense silty sand pockets to 

the maximum explored depth of approximately 50 feet below ground surface. Groundwater was 

not encountered during field investigation in December 1968. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 55 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 016.10 (SR 99) 

Reference: As-Built LOTB (Boring No. B-1) for Dry Creek Bridge (Bridge No. 41-0005) 

(Caltrans, 1975), existing grade elevation: 248 feet ±. 

  

The subsoils generally consist of soft to medium stiff sandy clay to clayey silt layer (SPT blow 

counts range from 6 to 9) to a depth of approximately 20 feet, underlain by hard sandy silt layer 

(SPT blow count of 56 to 100+) to the maximum explored depth of approximately 40 feet below 

ground surface. Groundwater was encountered at elevation 242 feet ± (6 feet ± below ground 

surface) in March 69. Further field investigation might be required to analyze liquefaction 

potential due to high groundwater table. 
 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing boring is too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations.  
 

PM 016.33 (SR 99) 
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Reference: As-Built LOTB (Boring Nos. B-1, B-3 & B-4) for Avenue 18 ½ OC (Bridge No. 

41-0069) (Caltrans, 1975), existing grade elevation: 248 feet ± to 251 feet ±. 

  

The subsoils generally consist of medium dense to dense sand to silty sand layers and very stiff to 

hard sandy silt (SPT blow counts range from 24 to 37) up to a maximum explored depth of 70 feet 

below ground surface. Groundwater was encountered at elevation 198 feet ± (53 feet ± below 

ground surface) in March 1969. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 53 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 017.85 (SR 99) 

Reference: As-Built LOTB (Boring No. 97-1) for Beranda Creek (Bridge No. 41-0004) (Caltrans, 

1998), existing grade elevation: 244 feet ±. 

  

The subsoils generally consist of stiff to very stiff silt with some medium dense to dense sand 

layers and few gravel pockets (SPT blow counts range from 18 to 35) up to a depth of 

approximately 45 feet, underlain by dense to very dense sand layer (SPT blow count of 46 to 70) 

up to a maximum explored depth of 80 feet below ground surface. Groundwater was encountered 

at elevation 200 feet ± (50 feet ± below ground surface) in May 1997. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 50 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 022.73 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2 & B-3) for N99-W152 Connector Sep (Bridge No. 

41-0043) (Caltrans, 1957), existing grade elevation: 246 feet ±. 
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The subsoils generally consist of medium dense to dense sand to silty sand layers with few pockets 

of stiff to hard silt (SPT blow counts ranging from 19 to 35) to the maximum explored depth of 

approximately 100 feet below ground surface. Groundwater was not encountered during field 

investigation in October 1957. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 55 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 023.09 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-5 & B-7) for California OH (Bridge No. 41-0014) 

(Caltrans, 1993), existing grade elevation: 248 feet ±. 

  

The subsoils generally consist of medium dense sandy silt in upper 10 feet depth, underlain by 

very dense silty sand with few gravel up to a depth of 30 feet (SPT blow counts ranging from 125 

to 167) followed by dense to very dense sand/silty sand and hard silt (SPT blow counts ranging 

from 33 to 100) to the maximum explored depth of approximately 50 feet below ground surface. 

Groundwater was not encountered during field investigation in February 1991. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 55 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 023.77 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-5 & B-6) for Avenue 24 OC (Bridge No. 

41-0054) (Caltrans, 1957), existing grade elevation: 250 feet ± to 251 feet ±. 

  

The subsoils generally consist of medium dense to dense sand layers (generally SPT blow count 

ranged from 23 to 40) with few silty clay and silty sand pockets to the maximum explored depth of 

approximately 65 feet below ground surface. Groundwater was encountered at elevation 209 feet ± 
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(41 feet ± below ground surface) in July, 1954. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 60 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 024.78 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2, B-3 & B-4) for Brenda Slough (Bridge No. 

41-0044) (Caltrans, 1995), existing grade elevation: 235 feet ± to 240 feet ±. 

  

The subsoils generally consist of medium dense to dense sand and very stiff to hard silt (generally 

SPT blow count ranged from 16 to 33) to the maximum explored depth of approximately 50 feet 

below ground surface. Groundwater was encountered at elevations ranging from 231 feet ± to 232 

feet ± (7 feet ± to 8 feet ± below ground surface) in August 1990. Further field investigation might 

be required to analyze liquefaction potential due to high groundwater. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. The 

existing boring is too shallow to develop a meaningful preliminary recommendation for 

foundation support at this site. Further geotechnical exploration is required for detailed 

recommendations. 

 

PM 026.58 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-2, B-5, B-6 & B-7) for N99 & 233 Connector (Bridge 

No. 41-0055) (Caltrans, 1957), existing grade elevation: 244 feet ±. 

  

The subsoils generally consist of medium dense to dense sand (SPT blow counts range from 16 to 

37) with few gravel lenses and occasional soft sandy silt pocket up to a maximum explored depth 

of 35 feet below ground surface. Groundwater was encountered at elevation 219 feet ± (25 feet ± 

below ground surface) in July 1954. 

 

Based on the Boring MW-24 from the Geotracker database (SL0603935695) at PM 26.40, subsoils 

from the depth of 10 feet to the depth 70 feet are mainly very dense sand/silty sand with SPT blow 
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count of 70 to 100+. Groundwater was encountered in MW-24 at the depth of 51 feet below the 

existing ground surface on December 23, 2008. 

 

For preliminary consideration, driven PC/PS concrete pile is recommended because it is both 

feasible and cost effective. More detailed geotechnical exploration is needed to further evaluate the 

site subsurface conditions at the design stage due to the potential of thick very dense sand layer 

caused difficult driving conditions. Steel pile may be needed based on the findings of additional 

geotechnical information. An allowable bearing capacity of 100 tons is recommended for 14-inch 

square PC/PS pile with embedded pile length of 50 feet for preliminary estimation. Deep borings 

at the proposed bridge site based on the final design are recommended to derive design 

recommendations for bridge foundations. 

 

PM 026.80 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1& B-4) for Ash Slough (Bridge No. 41-0045L/R) 

(Caltrans, 1995), existing grade elevation: 239 feet ± to 245 feet ±. 

  

The subsoils consist of medium dense to dense sand to silty and clayey sand layers (SPT blow 

count of 16 to 52) with few gravel lenses up to a maximum explored depth of 45 feet below ground 

surface. Groundwater was encountered at elevations ranging from 232 feet ± to 237 feet ± (6 to 13 

feet ± below ground surface) in July 1954. Further field investigation might be required to analyze 

liquefaction potential due to high groundwater. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing boring is too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. 
 

PM 028.17 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1& B-3) for Le Grand Avenue Overcrossing (Bridge 

No. 41-0057) (Caltrans, 1956), existing grade elevation: 233 feet ±. 

  

The subsoils generally consist of loose silty sand layer (SPT blow count of 6) up to approximately 

6 feet depth, underlain by medium dense to dense sand to silty sand (generally SPT blow count 

ranged from 35 to 56) up to a maximum explored depth of 30 feet below ground surface. 
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Groundwater was not encountered during field investigation in August 1955. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing boring is too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. 
 

PM 029.33 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-4) for Chowchilla River Bridge (Bridge No. 

41-0001) (Caltrans, 1996), existing grade elevation: 226 feet ± to 232 feet ±. 

  

The subsoils generally consist of medium dense to dense sand/silty sand with few loose sandy silt 

lenses (SPT blow counts range from 14 to 25) up to a depth of approximately 50 feet, underlain by 

medium dense to very dense sand to sandy silt (generally SPT blow count of 20 to 48) up to a 

maximum explored depth of 80 feet below ground surface. Groundwater was encountered at 

elevation about 225 feet ± (1 foot ± to 5 feet ± below ground surface) in July, 1992. Further field 

investigation might be required to analyze liquefaction potential due to high groundwater.  

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 80 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

5.3.3 Bridge Structures - Merced County 

 

PM 1.65 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2) for South Dutchman Creek Right and Left 

Bridges (Widen) (Bridge No. 39-01L) (Caltrans, 1993), existing grade elevations: 213± to 221± 

feet. 

  

The subsoils on the east bank of the creek consist of stiff to very stiff clays with Modified 

California (MC) sampler (3” OD and 2.5” ID) blow counts ranging from 18 to 34 in the upper 15 to 

20 feet, underlain predominantly by dense to very dense sands (MC blow counts ranging from 72 
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to 50/6”) to a depth of approximately 30 feet. Very stiff to hard clays are noted below 30 feet, Very 

stiff to hard sandy clays are noted below 30 feet to a depth of 35 feet (the maximum depth 

explored). The subsoils on the west bank consist of loose to medium dense clayey sand (MC blow 

counts ranging from 17 to 39) to a depth of 10 feet, underlain by 5 feet of hard clay (MC blow 

count of 60). The subsoils below 15 feet depth are noted as dense to very dense clayey and silty 

sand (MC blow counts ranging from 77 to 50/3”) to a depth of approximately 70 feet, underlain by 

very stiff to hard clay to a depth of 80 feet (the maximum depth explored). Groundwater was not 

encountered in January, 1991. Groundwater was encountered in June, 1939 at elev. 198± to 201± 

(±20’ below ground surface). 

 

Considering lateral capacity and/or uplift requirement and possible difficult driving conditions, 

driven piles are not preferred at this bridge location. CIDH pile is recommended. An allowable 

bearing capacity of 100 tons is recommended for 2 feet diameter CIDH pile with embedded pile 

length of 55 feet for preliminary estimation. Deep borings at the proposed bridge site based on the 

final design are recommended to derive design recommendations for bridge foundations. 

 

PM 2.62 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2) for Dutchman Creek Bridge (Replace) (Bridge 

No. 39-01L) (Caltrans, 1986), existing grade elevation: 205± feet. 

  

The subsoils on the west bank of the creek consist of medium dense sandy soils (SPT blow counts 

ranging from 15 to 19) to a depth of approximately 17 feet, underlain by dense to very dense silty 

sand (SPT blow counts ranging from 42 to 90) to a depth of approximately 32 feet. Layers of 

medium dense sands and very stiff silts (SPT blow counts ranging from 18 to 26) are noted below 

32 feet to a depth of 65 feet (the maximum depth explored), an exception being a 5 feet layer of 

very hard clayey silt (SPT blow count of 51)at a depth of 40 feet. On the east bank, The subsoils 

consist of very stiff silt (SPT blow count of 24) to a depth of approximately 10 feet, underlain by 

dense to very dense sands and hard silts (SPT blow counts ranging from 44 to 58 to a depth of 

approximately 33 feet. Very stiff silts and sandy silts (SPT blow counts ranging from 23 to 29 are 

noted below 33 feet depth to a maximum explored depth of 60 feet. Groundwater was encountered 

at elevation 160 feet ± (45 feet ± below ground surface) in 1984. 

 

Considering lateral capacity and/or uplift requirement and possible difficult driving conditions, 

driven piles are not preferred at this bridge location. CIDH pile is recommended. An allowable 
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bearing capacity of 100 tons is recommended for 2 feet diameter CIDH pile with embedded pile 

length of 55 feet for preliminary estimation. Deep borings at the proposed bridge site based on the 

final design are recommended to derive design recommendations for bridge foundations. 

 

PM 5.22 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2) for Deadman Creek Bridge (Replace) Bridge 

No. 39-0002R/L) (Caltrans, 1986), existing grade elevation: 198 feet ±. 

  

The subsoils consist of stiff to very stiff silts and medium dense sands (SPT blow counts ranging 

from 12 to 35) to a depth of 54 feet, underlain by very stiff to hard clay (SPT blow counts ranging 

from 23 to 33) to 70 feet, the maximum depth explored. A 3 to 4-foot thick layer of very dense 

coarse sand and gravel is noted at a depth of approximately 45 feet. Groundwater was encountered 

at elevation 161 feet ±  (36 feet ± below ground surface) in 1984. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 53 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 9.35 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 and B-2) for Mariposa Creek Bridge (Widen) 

(Bridge No. 39-81R/L) (Caltrans, 1986), existing grade elevation: 186 feet ± to 189 feet ±. 

  

The subsoils below an 8 feet thick clay fill layer consist of predominantly very stiff to hard silty 

soils (including clayey silts and sandy silts) and occasional sand layers to 70 feet depth, the 

maximum depth explored. The SPT blow counts generally range from 11 to 36. Notable 

exceptions include: a 3 to 4 feet layer of very hard silt (SPT blow count of 63) at approximately 40 

feet depth on the west bank; a 3 to 4 feet layer of very dense sand (SPT blow count of 61) at 

approximately 48 feet depth on the east bank; and 5-foot layer of soft clayey silt (SPT blow count 

of 4) at a depth of 15 feet on the west bank. Groundwater was encountered at elevation 180 feet ± 

(6 feet ± below ground surface) in 1984. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 
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allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 70 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. 

 

PM 9.43 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1. B-3, B-8 and others for groundwater) for Duck 

Slough Bridge (Widen) (Bridge No. 39-04) (Caltrans, 1986), existing grade elevation: 186 feet ± 

to 188 feet ± on the banks. 

  

The subsoils consist predominantly of silts, including clayey silts and sandy silts with occasional 

layers of  sand and silty clay. On the eastern side, below a layer of very hard silt (SPT blow counts 

ranging from 57 to >100) at approximately 15 feet depth, the SPT blow counts range from 15 to 35 

to depths ranging from 50 to 60 feet. Dense to very dense silty sands (SPT blow counts ranging 

from 49 to >100) are noted below 50-60 feet depth. On the western side, The SPT blow counts 

generally range from 8 to 39 to 70 feet depth, the maximum depth explored. A 4 feet thick very 

hard silt layer (SPT blow count of 92) is noted at approximately 35 feet depth. Groundwater was 

encountered at elevation 179 feet ± (9 feet ± below ground surface) in July, 1984. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 9.86 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1. B-2, B-3; others for groundwater) for Duck Slough 

Overflow (Widen) (Bridge No. 39-05) (Caltrans, 1986), existing grade elevation: 183 feet ± to 185 

feet ± on the banks; 175 feet ± at bottom of slough. 

  

The subsoils on the east bank consist of soft silty clay (SPT blow count of 4 to 6) to a depth of 20 

feet, underlain by approximately 5 feet of firm silt (SPT blow count of 8). The firm silt layer is 

underlain by interbedded layers of very stiff to hard clays and silts and medium dense to very 

dense sands (SPT blow counts generally ranging between 16 and 35) to 65 feet depth (the 
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maximum depth explored). A 5 feet layer of very dense gravelly sand (SPT blow count of 60) is 

noted at 40 feet depth and a 5 feet layer of very hard clayey silt (SPT blow count of 92) is noted at 

50 feet depth. On the west bank, The subsoils consist of soils varying from very stiff to hard 

sandy/clayey silts and loose to medium dense sands (SPT blow counts ranging from 18 to 35, with 

a 6 feet layer of sand at 5 feet depth with a blow count of 8) to a depth of approximately 30 feet. 

Very hard silts and dense to very dense sands are noted below 30 feet depth to 65 feet depth, the 

maximum depth explored. SPT blow counts range from 31 to 59, except a 3 feet layer of very 

dense sand and silt (SPT blow count of 82) is noted at a depth of approximately 45 feet. 

Groundwater was encountered at elevation 175 feet ± (8 feet ± to 10 feet ±below ground surface) 

in October, 1984 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 72 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 
 

PM 10.55 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2, B-3 and B-02-1) for  Owens Creek Bridge 

(Bridge No. 39-06R/L) (Caltrans, 1986), existing grade elevation: 181 feet ± to 185 feet ±. 
  

The subsoils consist of very loose to loose sands (SPT blow counts ranging from 2 to 5) to depths 

ranging from 10 to 15 feet, underlain by soft to very stiff clays and with occasional medium dense 

sand layers silts (SPT blow counts ranging from 4 to 27)  to approximately 45-foot depth. An 

approximately 5 feet thick layer of very dense sand and gravel (SPT blow counts ranging from 56 

to >100) is noted at approximately 45 feet depth, underlain by hard clays and silts to a depth of 

approximately 70 feet, the maximum depth explored. Groundwater was encountered at elevation 

175 feet ± (10 feet ± below ground surface) in July, 1984 and 170 feet ± (10 feet ± below ground 

surface) in September, 2002. 
 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. Due to the weak soils in the upper 45 feet, the existing boring is too shallow to 

develop a meaningful recommendation for foundation design at this site. More detailed geotechnical 

study with deep borings is needed for detailed foundation recommendations. 
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PM 10.83 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 and 02-1) for Miles Creek Bridge (Bridge No. 

39-07R/L) (Caltrans, 1986, 2003), existing grade elevation: 177 feet ± to 180 feet ± (on the banks). 

  

The subsoils as noted in 1984 consist of stiff to very stiff clay and clayey silt (SPT blow counts 

ranging from 16 to 25) to a depth of approximately 13 feet underlain by an 8 feet thick layer of  

very loose to medium dense silty sand with SPT blow counts ranging from 3 to 12. Predominantly 

medium dense to dense silty sands (SPT blow counts ranging from 28 to 47) are noted below the 

loose silty sand layer to a depth of approximately 48 feet. Hard clay with SPT blow count of 50 

was then encountered to the depth of 50 feet, the maximum depth explored. The boring drilled in 

2002 indicates stiff clays (SPT blow counts ranging from 11 to 15) in the upper 15 feet, underlain 

by predominantly medium dense silty sands and very stiff sandy silts (SPT blow counts ranging 

from 18 to 21) to a depth of approximately 55 feet. Stiff to very stiff clays (SPT blow counts 

ranging from 6 to 15) were then encountered to a depth of 72 feet, underlain by medium dense 

sands (SPT blow counts ranging from 24 to 27) to a depth of approximately 90 feet, followed by 

dense sands (SPT blow counts ranging from 39 to 45) to a depth of 100 feet, the maximum depth 

explored. Groundwater was encountered at elevation 171 feet ± (7 feet ± below ground surface) 

June, 1984; measured 170 feet ± at nearby Owens Creek Bridge. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 75 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 10.98 (SR 99) 

Reference: As-Built LOTB (Boring No. B-1, others for Groundwater) for Miles Creek Overflow 

(Widen) (Bridge No. 39-57) (Caltrans, 1986), existing grade elevation: 178 feet ± to 180 feet ± (on 

the banks). 

  

The subsoils consist of medium dense to dense silty and clayey sands (SPT blow counts ranging 

from 23 to 37) to a depth of 24 feet, underlain by dense to very dense sand (SPT blow counts 

ranging from 45 to 70) to a depth of 33 feet. A 5-foot thick loose silty sand layer (SPT blow count 

of 8) is noted below 33 feet, underlain by hard clays and silts (SPT blow counts ranging from 32 to 
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48) to a depth of 60 feet, the maximum depth explored. Groundwater was encountered at elevation 

159 feet ± to 161 feet ± (18 feet ± to 20 feet ± below ground surface) December, 1984. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 75 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 11.41 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-2) for Miles Creek Overflow (Widen) (Bridge 

No. 39-58) (Caltrans, 1986), existing grade elevation: 179 feet ± to 180 feet ± (on the banks). 

  

The subsoils on the east bank consists of very stiff silts (SPT blow counts ranging from 22 to 26) to 

a depth of 20 feet, underlain by predominantly hard silts with layers dense sands (SPT blow counts 

ranging from 35 to 43) to a depth of 50 feet, the maximum depth explored. This includes a 4 feet 

layer of very dense layer of silty sand with gravel at a depth of 32 feet. On the west bank, fill and 

medium stiff clay are noted to a depth of 8 feet underlain by very stiff to hard silts and clays (SPT 

blow counts ranging from 14 to 34) to a depth of approximately 29 feet. Hard silts and dense sands 

(SPT blow counts ranging from 47 to 56) are noted to a depth of approximately 39 feet, underlain 

by stiff to hard silts and clays (SPT blow counts ranging from 16 to 35 to a depth of 65 feet, the 

maximum depth explored. Groundwater was encountered at elevation 170 feet ± (9 feet ± below 

ground surface) in July, 1984. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 70 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. Shallow groundwater may also pose 

liquefaction concerns that need to be further addressed in the foundation design phase. 

 

PM 11.47 (SR 99) 

Reference: As-Built LOTB (Boring No. 02-1) for Miles Creek Overflow No. 2 (Bridge No. 

39-0229/L) (Caltrans, 2003), existing grade elevation: 177 feet ±. 
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The subsoils consist of predominantly stiff to very stiff silts and clays and medium dense sands 

(SPT blow counts ranging from 11 to 29) in the 100 feet boring. Exceptions include a 5 feet thick 

dense sand layer (SPT blow count of 35) at approximately 45 feet depth; a 10 feet thick lean 

clay/sandy silt layer (SPT blow count of 38/39) at approximately 75 feet depth and a 5 feet thick 

dense sand layer (SPT blow count of 35 and 41near the bottom of the boring). Groundwater was 

not measured but observed between 165 feet ± and 170 feet ± at nearby borings drilled for Bridge 

No. 39-0228. 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 75 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. Shallow groundwater may also pose liquefaction concerns that need to be further 

addressed in the foundation design phase. 

 

PM 13.86 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2 and B-3) for Route 99/140 Separation (Bridge 

No. 39-140R/L) (Caltrans, 1960), existing grade elevation: 170 feet ± to 171 feet ±. 

  

The subsoils consist of predominantly stiff to hard silt and sandy silt (SPT blow counts ranging 

from 17 to 42) to approximately 10 feet depth on the north side and approximately 18 feet depth on 

the south side. On the north side, compact to dense clayey and silty sands and hard plastic silts 

(SPT blow counts ranging from 23 to 63) are noted below 10 feet depth, to a depth of 

approximately 23 feet, underlain by dense medium to coarse sand (SPT blow counts ranging from 

31 to 60) to a depth of approximately 38 feet. On the south side, dense coarse to fine sand (SPT 

blow counts ranging from 35 to 56) are noted from approximately 18 feet to 35 feet depth. On both 

sides, very hard clays and silts (SPT blow counts ranging from 64 to >100) are noted below the 

dense sand layers to 46 feet depth, the maximum depth explored. Groundwater was encountered at 

elevation 164 feet ± (6 feet ± below ground surface) in March/April, 1958. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 



AECOM Transportation  
Job No. 209138.10 (A2-UPRR/SR99 Alignment, California High-Speed Train Project, Merced – Fresno Section)  
June 1, 2010 
Page 40 
 

 

 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 

 

PM 13.09 (SR 99) 

Reference: As-Built LOTB (Boring No. B-1; others for Groundwater) for Childs Avenue 

Overcrossing (Bridge No. 39-143) (Caltrans, 1962), existing grade elevation: 173 feet ±. 

  

The subsoils consist of very stiff to hard silts and medium dense to dense sands (SPT blow counts 

ranging from 28 to 41) to a depth of 26 feet underlain by hard silt interbedded with very dense 

clean sand to a depth of 40 feet (the maximum depth explored). Groundwater was encountered at 

elevation 168 feet ± (5 feet ± below ground surface) in 1958. 

 

Based on LOTB of boring BH-3 drilled by Parikh Consultants for Campus Parkway Overhead 

project (PM 12.50) on October 24, 2007, and the Soil Boring Report (Geotracker ID 

T0604713690, PM 13.20), the soil conditions in the upper 40 feet soils are generally consistent 

with the findings of the Caltrans As-Built LOTBs.  The soils below the depth of 40 feet are 

generally hard lean clay and very stiff silt to the depth of 100 feet below the existing ground 

surface. Groundwater was encountered in BH-3 at the depth of about 38 feet on October 24, 2007. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 13.90 (SR 99) 

Reference: As-Built LOTB (Boring No. B-1; others for Groundwater) for Yosemite Way 

On-Ramp Undercrossing (Bridge No. 39-141) (Caltrans, 1960), existing grade elevation: 169 feet 

±. 

  

The subsoils consist of a very dense silty sand layer (SPT blow count of 50) at 5 feet depth 

underlain by medium dense to dense silty fine sand (SPT blow counts ranging from 24 to 31) to a 

depth of approximately 30 feet. Dense to very dense sand (SPT blow counts ranging from 44 to 

70+) were then encountered to a depth of approximately 38 feet, underlain by very hard silt (SPT 
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blow count of 50) to a depth of 45 feet, the maximum depth explored. Groundwater was 

encountered at elevation 164 feet ± (5 feet ± below ground surface) in 1958. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. 

 

PM 14.08 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-2, B-9 and B-10 for subsoils; others for 

Groundwater) for East Merced Overhead (Bridge No. 39-130R/L) (Caltrans, 1960), existing grade 

elevation: 168 feet ± to 170 feet ±. 

  

The subsoils on the east side consist of a very hard silt layer (SPT blow count of 51) to a depth of 

approximately 8 feet, underlain predominantly by very stiff silts and medium dense sands (SPT 

blow counts ranging from 17 to 26) to a depth of 40 feet. Hard sandy silts and sandy clays (SPT 

blow counts ranging from 30 to 56) were then encountered to a depth 65 feet depth, the maximum 

depth explored. On the west side, the subsoils consist of medium dense to dense silty sands (SPT 

blow counts ranging from 25 to 39) underlain by very hard sandy clay and concretionary silt (SPT 

blow counts of 70 to 100) to a depth of approximately 32 feet. Layers of medium dense sands and 

stiff to hard silts and clays (SPT blow counts ranging from 15 to 48) are noted below 32 feet to a 

depth of 75 feet, underlain by very stiff to hard silts and very dense sands (SPT blow counts 100+ 

below 75 feet depth to 90 feet depth). Groundwater was encountered at elevation 162 feet ± to 164 

feet ± (5 feet ± to 7 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. Shallow groundwater may also pose 

liquefaction concerns that need to be further addressed in the foundation design phase. 

 

PM 14.22 (SR 99) 
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Reference: As-Built LOTB (Boring Nos. B-1 & B-2 for subsoils; others for Groundwater) for 15th 

Street Undercrossing (Bridge No. 39-139R/L) (Caltrans, 1960), existing grade elevation: 168 feet 

±. 

  

The subsoils on the west side consist of a hard silt layer (SPT blow count >100) in the upper 8 feet 

underlain by very stiff silt (SPT blow counts ranging from 17 to 22) to a depth of approximately 16 

feet, followed by dense sand and very hard silt (SPT blow counts ranging from 44 to 54) to a depth 

of approximately 33 feet. Very stiff silts and medium dense sands (SPT blow counts ranging from 

18 to 28) were then encountered to a depth of 65 feet, the maximum depth explored. On the east 

side, a 5 feet thick very hard surficial silt layer is underlain by very stiff to hard silts and medium 

dense to dense sands to 65 feet depth, the maximum depth explored. Groundwater was 

encountered at elevation 162 feet ± to 164 feet ± (5 feet ± to 7 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. Shallow groundwater may also pose 

liquefaction concerns that need to be further addressed in the foundation design phase. 

 

PM 14.42 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-2 for subsoils; others for Groundwater) for G 

Street Undercrossing (Bridge No. 39-142R/L) (Caltrans, 1960), existing grade elevation: 167 feet 

±. 

  

The subsoils consist of a surficial hard to very hard silt layer (SPT blow count of 60), extending to 

a depth of approximately 8 feet. On the west side, the surficial silt layer is underlain by medium 

dense to very dense sand layers and sandy/clayey silt (SPT blow counts ranging from 18 to 66) to 

approximately 28 feet depth, underlain by a very hard silt layer (SPT blow count >70) to a depth of 

approximately 36 feet. Very stiff to hard silts and clays (SPT blow counts of 27) are noted below 

36 feet depth, to 50 feet depth, the maximum depth explored. On the east side, the surficial silt 

layer is underlain by very stiff to hard silts and sandy silts (SPT blow counts ranging from 24 to 

50)to a depth of approximately 34 feet, underlain by a very hard clayey silt layer (SPT blow count 

>70) to a depth of approximately 42 feet. Hard clayey silt (SPT blow count of 37) is noted below 
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42 feet depth, to 50 feet depth (the maximum depth explored). Groundwater was encountered at 

elevation 158 feet ± to 160 feet ± (7 feet ± to 8 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 

 

PM 14.67 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-3 for subsoils; others for Groundwater) for 

Route 99/59 Separation (Bridge No. 39-136R/L) (Caltrans, 1960), existing grade elevation: 165 

feet ± to 166 feet ±. 

  

The subsoils consist of a hard to very hard silt layer (SPT blow counts ranging from 34 to 72), 

extending to a depth of approximately 8 to 10 feet. The silt layer is underlain predominantly by 

medium dense to dense sand layers (SPT blow counts ranging from 17 to 32) to approximately 32 

feet depth, underlain by a hard sandy clay/clayey silt layer (SPT blow counts ranging from 35 to 

52) to a depth of approximately 40 feet. Hard to very hard clay is noted from a depth of 40 feet to a 

depth of 50 feet, the maximum depth explored. Groundwater was encountered at elevation 157 feet 

± (9 feet ± to 10 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. Shallow groundwater may also pose 

liquefaction concerns that need to be further addressed in the foundation design phase. 

 

PM 14.87 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 and B-6 for subsoils; others for Groundwater) for L 

Street UC (Bridge No. 39-133R/L) (Caltrans, 1960), existing grade elevation: 165 feet ±. 

  

The subsoils consist of very hard silt layer (SPT blow count ranging from 52 to > 100) within 10 
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feet near the surface. On the north side, stiff to very stiff silts and medium dense silty sands (SPT 

blow counts ranging from 13 to 23) are noted below 10 feet depth to a depth of approximately 25 

feet, underlain by very dense sand (SPT blow counts ranging from 52 to >70) to 40 feet depth (the 

maximum depth explored). On the south side, a stiff to hard silt layer (SPT blow counts ranging 

from 14 to 35) is noted below 10 feet depth to a depth of approximately 17 feet, underlain by 

compact to dense silty sand (SPT blow counts ranging from 28 to 42) to a depth of approximately 

27 feet. The silty sand layer is underlain by hard silt, dense sand and hard clay (SPT blow counts 

ranging from 47 to 49) to 40 feet depth, the maximum depth explored. Groundwater was 

encountered at elevation 153 feet ± to 155 feet ± (10 feet ± to 12 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 

 

PM 14.96 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1 & B-6 for subsoils; others for Groundwater) for M 

Street UC (Bridge No. 39-134R/L) (Caltrans, 1960), existing grade elevation: 164 feet ±. 

  

The subsoils consist of a very hard silt layer ( SPT blow count > 70) within 5 feet  near the surface, 

underlain by hard clayey silts and dense silty fine sands (SPT blow counts ranging from 38 to 56) 

to a depth of approximately 40 feet. Very dense sands and hard silty clays (SPT blow counts 

ranging from 37 to 70+) were then encountered to a depth of 50 feet, the maximum depth explored. 

Groundwater was encountered at elevation 152 feet ± to 154 feet ± (9 feet ± to 11 feet ± below 

ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. Shallow groundwater may also pose 

liquefaction concerns that need to be further addressed in the foundation design phase. 
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PM 15.15 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1&B-6 for subsoils; others for Groundwater) for O 

Street UC (Bridge No. 39-135R/L) (Caltrans, 1960), existing grade elevation: 163 feet ±. 

  

The subsoils consist of a surficial layer of stiff silt to depths of 6 feet at the northern end and 3 feet 

at the southern end, underlain by interbedded layers of compact to hard/dense silts (including 

clayey silts and sandy silts) and sands to depths of 40 feet to 43 feet. The SPT blow counts in the 

silt layer range from 26 to 44, except at both ends a very hard clayey silt layer (SPT blow counts of 

64 and 70) is noted. The very hard clayey silt layer occurs at 20 feet depth at the southern end and 

is 10 feet thick; at the northern end it occurs at 30 feet depth and only about 3 feet thick. The 

interbedded layer is underlain by very stiff to hard silty clay (SPT blow count of 50) to 45 feet 

depth, the maximum depth explored. Groundwater was encountered at elevation 152 feet ± to 154 

feet ± (9 feet ± to 11 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 

 

PM 15.42 (SR 99) 

Reference: As-Built LOTB (Boring No. B-4 for subsoils; others for Groundwater) for R Street UC 

(Bridge No. 39-137R/L) (Caltrans, 1960), existing grade elevation: 161 feet ± to 162 feet ±. 

  

The subsoils on the south side consist of hard silt/sandy silt (SPT blow counts ranging from 33 to 

37) to a depth of approximately 15 feet, grading to very stiff to hard clayey silt (SPT blow counts 

ranging from 26 to 32) to 40 feet depth. A 12 feet layer of softer clayey silt (SPT blow count of 10) 

is noted between 40 feet and 52 feet depths, underlain by a compact sand and gravel (SPT blow 

count of 17) to 68 feet depth. Very stiff clay and dense sand are noted to 75 feet depth, the 

maximum depth explored. On the north side, stiff clay and hard silt/sandy silt (SPT blow counts 

ranging from 36 to 39)are noted to a depth of approximately 15 feet, underlain by a 5 feet thick 

compact sand layer (SPT blow count of 14). The compact sand layer is underlain by dense silty 

sand and sandy silt (SPT blow counts ranging from 31 to 51) to a depth of approximately 57 feet. 

Very stiff clayey silt is noted below 57 feet depth to 60 feet depth, the maximum depth explored. 
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Groundwater was encountered at elevation 152 feet ± to 154 feet ± (8 feet ± to 10 feet ± below 

ground surface). 

 

Driven PC/PS concrete pile is recommended because it is both feasible and cost effective. An 

allowable bearing capacity of 100 tons is recommended for 14-inch square PC/PS pile with 

embedded pile length of 60 feet for preliminary estimation. Deep borings at the proposed bridge 

site based on the final design are recommended to derive design recommendations for bridge 

foundations. Shallow groundwater may also pose liquefaction concerns that need to be further 

addressed in the foundation design phase. 

 

PM 15.78 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1& B-2 for subsoils; others for Groundwater) for 

Route 90/140 Separation (Br. No. 39-138R/L) (Caltrans, 1960), existing grade elevation: 161 feet 

±.  

 

The subsoils consist of very hard silt (SPT blow counts ranging from 38 to 70+) in the upper 12 

feet, underlain by layers of compact to very dense sandy silt to silty sand (SPT blow counts ranging 

from 23 to 70+. Very stiff to hard clay (SPT blow counts ranging from 28 to 50) was then 

encountered to a depth of 50 feet, the maximum depth explored. Groundwater was encountered at 

elevation 152 feet ± to 157± (4 feet ± to 9 feet ±below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 

 

PM 16.38 (SR 99) 

Reference: As-Built LOTB (Boring No. B-4 for subsoils; others for Groundwater) for Bear Creek 

(Bridge No. 39-132R/L) (Caltrans, 1960), existing grade elevation: 160 feet ± to 165 feet ±. 

  

The subsoils consist of soft to stiff clayey silt in the upper 10 feet, underlain by approximately 4 

feet thick of very stiff clay followed by loose to slightly compact clayey sand (SPT blow counts 

ranging from  <1 to 11) to a depth of approximately 22 feet. A medium dense silty sand layer (SPT 
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blow count of 23) was then encountered to a depth of 30 feet underlain by hard clayey/sandy silts 

and hard clay (SPT blow counts ranging from 59 to 67) to a depth of approximately 55 feet 

followed by a very dense sand layer to a depth of 60 feet, the maximum depth explored. 

Groundwater was encountered at elevation 152 feet ± (10 feet ± below ground surface). 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. Due to the weak soils in the upper 22 feet, the existing borings are too shallow 

to develop a meaningful preliminary recommendation for foundation support at this site. Further 

geotechnical exploration is required for detailed recommendations. Shallow groundwater may also 

pose liquefaction concerns that need to be further addressed in the foundation design phase. 

 

PM 16.54 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-4, B-6, B-8) for West Merced Overhead (Bridge No. 

39-131L/R) (Caltrans, 1960), existing grade elevation: 159 feet ± to 161 feet ±. 

  

The subsoils consist of predominantly of loose to compact silts and sands (SPT blow counts 

ranging from 7 to 27) to approximately 20 feet depth, underlain by approximately 5 feet of very 

dense sand (SPT blow counts ranging from 50 to >70). Hard silts and silty clays (SPT blow counts 

ranging from 33 to >70 underlie the very dense sands to depths of approximately 45 feet, the 

maximum depths explored in two of three borings. A stiff silty clay layer (SPT blow count of 12), 

was encountered in the northernmost boring below 45 feet depth to the bottom of the boring at 

approximately 50 feet depth. Groundwater was encountered at elevation 153 feet ± to 156 feet ± (6 

feet ± to 9 feet ± below ground surface) in February, 1959. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 

 

PM 17.30 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1,  B-3) for Black Rascal Canal (Br. Nos. 39-10R/L, 

39C-37) (Caltrans, 1960), existing grade elevation: 157 feet ± to 162 feet ±. 
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The subsoils at the west side of the bridge consist of very loose to slightly compact silts and sands 

(SPT blow counts ranging from 4 to 19) in the upper 26 feet, underlain by medium dense sand 

(SPT blow count of 26) to a depth of 33 feet. Very stiff to hard silts and dense to very dense sands 

and silty sands (SPT blow counts ranging from 38 to 52) were then encountered to a depth of 

approximately 55 feet, the maximum depth explored. At the east side of the bridge, the subsoils  

consist of stiff to hard silts and sandy silts (SPT blow counts of 44) in the upper 10 feet, underlain 

by loose to slightly compact sand and silty sand (SPT blow counts ranging from 9 to 17) to 

approximately 24 feet depth. Hard to very hard silts (SPT blow counts ranging from 29 to 60) were 

then encountered to a depth of 42 feet, underlain by medium dense sand (SPT blow count of 21) to 

the maximum depth explored (60 feet). Groundwater was encountered at elevation 146 feet ± (11 

feet ± below ground surface) in March, 1959. 

 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. An allowable bearing capacity of 100 tons is recommended for 16-inch 

diameter open-ended steel pipe pile with embedded pile length of 65 feet for preliminary 

estimation. Deep borings at the proposed bridge site based on the final design are recommended 

to derive design recommendations for bridge foundations. Shallow groundwater may also pose 

liquefaction concerns that need to be further addressed in the foundation design phase. 
 

PM 18.51 (SR 99) 

Reference: As-Built LOTB (Boring Nos. B-1, B-6) for Franklin Road Overcrossing (Bridge No. 

39-84) (Caltrans, 1962), existing grade elevation: 151 to 153 feet ±. 
  

The subsoils consist of loose to medium dense silty sand (SPT blow counts ranged from 15 to 24) 

in the upper 5 feet, underlain by dense to very dense sand and silty sand and hard to very hard silt 

and sandy silt (SPT blow counts ranged from 41 to 70+) to a depth of 45 feet, the maximum depth 

explored. Groundwater was encountered at elevation 143 feet ± to 145 feet ± (5 feet ± to 9 feet ± 

below ground surface) in January, 1959. 
 

Steel piles appear to be the most suitable foundation type at this site due to the possible difficult 

driving conditions. The existing borings are too shallow to develop a meaningful preliminary 

recommendation for foundation support at this site. Further geotechnical exploration is required 

for detailed recommendations. Shallow groundwater may also pose liquefaction concerns that 

need to be further addressed in the foundation design phase. 
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5.3.4 Seismic Design Considerations 
 

Based on the California High-Speed Train Project Technical Memorandum: 15% Seismic Design 

Benchmarks (TM 2.10.5) dated March 15, 2010: in the absence of any project specific seismic 

design spectra, designers are directed to United States Geological Survey (USGS) Earthquake 

Hazards Program. USGS has developed 2002 United States National Seismic Hazard Maps of 

contours of seismic design parameters for the Maximum Considered Earthquake (MCE) event. 

These mapped parameters are accessible through USGS earthquake ground motion Java calculator, 

which may be used during 15% seismic design. 
 

For details regarding the seismic ground motion parameters, refer to ASCE7-05 [9, Section 11.4], 

which defines the parameters SMS and SM1: the 0.2-second and 1.0-second site adjusted spectral 

response acceleration for the MCE-type event, respectively. The default spectral damping is 5%. 

Within the Java calculator, 15% Design MCE spectra are to be developed as follows: 

1. Choose ASCE 7 Standard. 

2. Input project specific latitude and longitude. 

3. If no soil data is available, assume Site Class D. 

4. Establish site modified Sa vs. T spectral ordinates for MCE. 

5. Multiply the Site Modified Sa vs. T spectral ordinates for MCE by an Importance Factor, I 

= 1.25 (i.e., Occupancy Category III per ASCE 7-05). 

We have developed four (4) representative Design MCE spectra for preliminary seismic design 

considerations. Based on the geotechnical information collected and our experience with the 

geological formation in the project area, the site can be generally classified as Site Class D. The 

seismic design parameters obtained based on the procedures described above are summarized in 

following table. The Design MCE spectra, as presented in Plate 5, were developed based on the 

SDS and SD1 values and a Importance Factor of 1.25. 

Summary of Seismic Design Parameters 

Site 
Site Location 
(Lat. –Long.) 

Site 
Classification 

Ss S1 Fa Fv SDS SD1 I 

Fresno 
36.71768º 

-119.78458º 
D 0.531g 0.229g 1.375 1.943 0.487g 0.296g 1.25 

Madera 
36.96151º 

-120.06479º 
D 0.549g 0.228g 1.361 1.943 0.498g 0.296g 1.25 

Chowchilla 
37.12691º 

-120.25230º 
D 0.545g 0.229g 1.364 1.942 0.495g 0.296g 1.25 

Merced 
37.29573º 

-120.47280º 
D 0.553g 0.235g 1.358 1.931 0.500g 0.302g 1.25 
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6.0 ADDITIONAL GEOTECHNICAL EXPLORATIONS AND STUDIES 

 

This preliminary geotechnical study was conducted for the Merced – Fresno Section of California 

High-Speed Train Project; this report is intended to help define the overall design program and 

evaluate cost impacts. This study was planned so as to provide an overview of the subsurface 

conditions along the project alignment and not necessarily for use in structure specific foundation 

designs. Additional subsurface explorations should be conducted as part of the 30% design.  At a 

minimum the intent of the detail program should be to:  
 

1. Collect data where no readily available LOTB exist; 

2. Refine soil data at critical structures; 

3. Update/confirm data to more effectively develop design parameters; 

4. In-fill locations to develop a better understanding of the subsurface conditions; 

5. Address specific locations where “problem” soil and groundwater conditions may exist. 
 

7.0 LIMITATIONS 
 

Our services consist of professional opinions and recommendations made in accordance with 

generally accepted geotechnical engineering principles and practices for the defined scope and are 

based on our data research and the assumption that the subsurface conditions do not deviate from 

reported conditions.  All work done is in accordance with generally accepted geotechnical 

engineering principles and practices.  No warranty, expressed or implied, of merchantability or 

fitness, is made or intended in connection with our work or by the furnishing of oral or written 

reports or findings.  
 

The scope of our services did not include any environmental assessment or investigation for the 

presence or absence of hazardous or toxic materials in structures, soil, surface water, groundwater 

or air, below or around this site.  Unanticipated soil conditions are commonly encountered and 

cannot be fully determined by taking soil samples and excavating test borings; different soil 

conditions may require that additional expenditures be made during construction to attain a 

properly constructed project.  Some contingency fund is thus recommended to accommodate these 

possible extra costs. 
 

This report has been prepared for the proposed project as described earlier, to assist the engineer in 

the preliminary (15%) design of this project.  In the event any changes in the design or location of 

the facilities are planned, or if any variations or undesirable conditions are encountered during 
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subsequent studies or during construction, our conclusions and recommendations shall not be 

considered valid unless the changes or variations are reviewed and our recommendations modified 

or approved by us in writing. 
 

This report is issued with the understanding that it is the designer's responsibility to ensure that the 

information and recommendations contained herein are incorporated into the project and that 

necessary steps are also taken to see that the recommendations are carried out in the field.  

Additional studies are required to refine and/or update the design to a 30% level. 
 

The findings in this report are valid as of the present date.  However, changes in the subsurface 

conditions can occur with the passage of time, whether they are due to natural processes or to the 

works of man, on this or adjacent properties.  In addition, changes in applicable or appropriate 

standards occur, whether they result from legislation or from the broadening of knowledge.  

Accordingly, the findings in this report might be invalidated, wholly or partially, by changes 

outside of our control. 

 

Respectfully submitted, 

PARIKH CONSULTANTS, INC. 

 

                                                                                        
Zengxuan (Frank) Li, Ph.D., P.E. C69415                 James B. Baker, CEG 1021 

Project Engineer                                               Project Engineering Geologist 

 

      
Y. David Wang, Ph.D., P.E. C52911     

Senior Engineer       
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   Geology from Marchand and Allwardt; 1981; USGS Bulletin 1470.
   Caltrans bridges.
   GeoTracker sites.

r3 t2

r3

r2

r2

Owner
Typewritten Text

Owner
Typewritten Text
PARIKH CONSULTANTS, INC.
GEOTECHNICAL CONSULTANTS
MATERIALS TESTING

Owner
PARIKH



_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂
_̂

_̂

_̂ _̂ _̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂_̂

_̂

_̂
_̂

PM 19.00

PM 20.00

PM 21.00

L10002595927

14

0 500 1,000 1,500 2,000 2,500 3,000
Feet°                                                                                                                                                                                                 Geologic Map and Site PlanSee PLATE 2-0 for Legend

JOB NO.: 209138.10                    PLATE NO.: 2-14

California  High-Speed Train Project
(Merced - Fresno Section)
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   Geology from Marchand and Allwardt; 1981; USGS Bulletin 1470.
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   GeoTracker sites.
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(Merced - Fresno Section)

SOURCES: 
   Geology from Marchand and Allwardt; 1981; USGS Bulletin 1470.
   Caltrans bridges.
   GeoTracker sites.
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(Merced - Fresno Section)

SOURCES: 
   Geology from Marchand and Allwardt; 1981; USGS Bulletin 1470.
   Caltrans bridges.
   GeoTracker sites.
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CALIFORNIA HIGH SPEED TRAIN PROJECT 
MERCED- FRESNO SECTION
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Location
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26- Great Valley Fault 8 (R, Mmax=6.6)
32- Great Valley Fault 9 (R, Mmax=6.6)
33- Great Valley Fault 10 (R, Mmax=6.4)
34- Great Valley Fault 11 (R, Mmax=6.4)
193- San JoaquinFault  (R, Mmax=6.9)
51- O'Neil Fault (R, Mmax=6.7)
148-Pine Rock Fault (RLSS, Mmax=6.8)
309- San Andreas Fault Zone (Peninsula Section RLSS, Mmax=7.9)
310- San Andreas Fault Zone (Santa Cruz Mountain Section RLSS, Mmax=7.9)
311- San Andreas Fault Zone (Creeping Section RLSS, Mmax=7.9)
312- San Andreas Fault Zone (Parkfield Section RLSS, Mmax=7.9)
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Conterminous 48 States
2005 ASCE 7 STANDARD
Latitude = 36.71768
Longitude = -119.78458
Design Response Spectra for Site Class Site Class D
SDs = 2/3 x SMs and SD1 = 2/3 x SM1
Site Class D -  Fa = 1.375 ,Fv = 1.943
Importance Factor, I=1.25

Period Sa
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0.000 0.244
0.122 0.609
0.200 0.609
0.608 0.609
0.700 0.529
0.800 0.463
0.900 0.411
1.000 0.370
1.100 0.336
1.200 0.309
1.300 0.285
1.400 0.264
1.500 0.246
1.600 0.231
1.700 0.218
1.800 0.205
1.900 0.195
2.000 0.185
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Conterminous 48 States
2005 ASCE 7 STANDARD
Latitude = 36.96151
Longitude = -120.06479
Design Response Spectra for Site Class Site Class D
SDs = 2/3 x SMs and SD1 = 2/3 x SM1
Site Class D -  Fa = 1.361 ,Fv = 1.943
Importance Factor, I=1.25

Period Sa
(sec) (g)
0.000 0.249
0.119 0.623
0.200 0.623
0.595 0.623
0.600 0.616
0.700 0.529
0.800 0.463
0.900 0.411
1.000 0.370
1.100 0.336
1.200 0.309
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1.600 0.231
1.700 0.218
1.800 0.205
1.900 0.195
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CALIFORNIA HIGH-SPEED TRAIN PROJECT
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Conterminous 48 States
2005 ASCE 7 STANDARD
Latitude = 37.12691
Longitude = -120.2523
Design Response Spectra for Site Class Site Class D
SDs = 2/3 x SMs and SD1 = 2/3 x SM1
Site Class D -  Fa = 1.364 ,Fv = 1.942
Importance Factor, I=1.25

Period Sa
(sec) (g)
0.000 0.248
0.120 0.619
0.200 0.619
0.598 0.619
0.600 0.618
0.700 0.529
0.800 0.463
0.900 0.411
1.000 0.370
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1.700 0.218
1.800 0.206
1.900 0.195
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CALIFORNIA HIGH-SPEED TRAIN PROJECT
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Conterminous 48 States
2005 ASCE 7 STANDARD
Latitude = 37.29573
Longitude = -120.47280
Design Response Spectra for Site Class Site Class D
SDs = 2/3 x SMs and SD1 = 2/3 x SM1
Site Class D -  Fa = 1.358 ,Fv = 1.931
Importance Factor, I=1.25

Period Sa
(sec) (g)
0.000 0.250
0.121 0.625
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0.700 0.539
0.800 0.471
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1.000 0.378
1.100 0.343
1.200 0.315
1.300 0.290
1.400 0.270
1.500 0.251
1.600 0.236
1.700 0.223
1.800 0.210
1.900 0.199
2.000 0.189
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Bridge and Reference Project List 

No Bridge No Structure Name P.M County LOTB Type of Foundation 
1 42 0183 Clinton Avenue OC _024.42 Fresno Yes
2 42 0191Y Fresno Yard OC _024.42 Fresno Yes
3 42 0148 SB 99 On‐Ramp By Dakota _026.22 Fresno Yes
4 42 0140 Ashlan Avenue OC _026.55 Fresno Yes
5 42 0131L Biola Junction _027.31 Fresno Yes
6 42 0131R Biola Junction _027.31 Fresno Yes
7 42 0130 Shaw Avenue OC _028.10 Fresno Yes
8 42 0129L Herndon Canal _028.40 Fresno Yes
9 42 0129R Herndon Canal _028.40 Fresno Yes

10 42 0127L Grantland Avenue UC _030.48 Fresno Yes
11 42 0127R Grantland Avenue UC _030.48 Fresno Yes
12 42 0126K Herndon Canal _030.99 Fresno Yes
13 42 0126K Herndon Canal _030.99 Fresno Yes
14 41 0008 San Joaquin River _000.08 Madera Yes
15 41 0064 Avenue 7 OC R000.99 Madera Yes
16 41 0060 Avenue 8 OC _002.23 Madera Yes
17 41 0063 Avenue 9 OC R003.56 Madera Yes
18 41 0035 Little Dry Creek _005.88 Madera No
19 41 0061 Avenue 11 OC _006.15 Madera Yes
20 41 0065L Cottonwood Creek R007.28 Madera Yes
21 41 0065R Cottonwood Creek R007.28 Madera Yes
22 41 0065S Cottonwood Creek R007.28 Madera No
23 41 0066 Avenue 12 OC R007.46 Madera Yes
24 41 0062 Avenue 13 OC _008.72 Madera No
25 41 0046K South Madera OC _009.74 Madera Yes
26 41 0046K South Madera OC _009.74 Madera Yes
27 41 0047 Route 145/99 Separation _010.27 Madera Yes
28 41 0048 West sixth Street OC _010.76 Madera No
29 41 0049 West Yosemite Avenue _010.84 Madera Yes
30 41 0050 West Fourth Street OC _011.01 Madera Yes
31 41 0051 Madera UP _011.09 Madera Yes
32 41 0052 Fresno River _011.65 Madera Yes
33 T0603900177 GEO TRACKER ID _11.80 Madera Yes
34 41 0053 Cleveland Avenue OC _012.13 Madera Yes
35 41 0058 Avenue 16 OC _012.75 Madera Yes
36 41 0068 Avenue 17 OC R014.22 Madera Yes
37 41 0072 Schmidt Creek R014.60 Madera No
38 41 0005L Dry Creek R016.10 Madera Yes
39 41 0005R Dry Creek R016.10 Madera Yes
40 41 0069 Avenue 18 1/2 OC R016.33 Madera Yes
41 41 0004 Beranda Creek _017.85 Madera Yes
42 41 0043G N99‐W152 Connector Sep _022.73 Madera Yes
43 41 0043G N99‐W152 Connector Sep _022.73 Madera Yes
44 41 0014L California OH _023.09 Madera Yes
45 41 0014R California UP _023.09 Madera Yes



Bridge and Reference Project List 

No Bridge No Structure Name P.M County LOTB Type of Foundation 
46 41 0054 Avenue 24 OC _023.77 Madera Yes
47 41 0044L Beranda Slough _024.78 Madera Yes
48 41 0044R Beranda Slough _024.78 Madera Yes
49 SL0603935695 GEO TRACKER ID _26.40 Madera Yes
50 41 0055E N99 & 233 Connector _026.58 Madera Yes
51 41 0045L Ash Slough _026.80 Madera Yes
52 41 0045R Ash Slough _026.80 Madera Yes
53 41 0057 Le Grand Avenue OC _028.17 Madera Yes
54 41 0001 Chowchilla River _029.33 Madera Yes
55 39 0108L South Dutchman Creek _001.65 Merced Yes
56 39 0108R South Dutchman Creek _001.65 Merced Yes
57 39 0001L Dutchman Creek _002.62 Merced Yes
58 39 0001R Dutchman Creek _002.62 Merced Yes
59 39 0002L Deadmans Creek _005.22 Merced Yes
60 39 0002R Deadmans Creek _005.22 Merced Yes
61 39 0081 Mariposa Creek _009.35 Merced Yes
62 39 0004 Duck Slough _009.43 Merced Yes
63 39 0005 Duck Slough Overflow _009.86 Merced Yes
64 39 0006 Owens Creek _010.55 Merced Yes
65 39 0006L Owens Creek _010.55 Merced Yes
66 39 0006R Owens Creek _010.55 Merced Yes
67 39 0007 Miles Creek _010.83 Merced Yes
68 39 0007L Miles Creek _010.83 Merced Yes
69 39 0057 Miles Creek Overflow _010.98 Merced Yes
70 39 0057L Miles Creek Overflow _010.98 Merced Yes
71 39 0229L Miles Creek Overflow _011.41 Merced Yes
72 39 0229R Miles Creek Overflow _011.41 Merced Yes
73 39 0249R/L CAMPUS PARKWAY OH _012.50 Merced Yes
74 39 0143 Childs Avenue OC _013.09 Merced Yes
75 T0604713690 GEO TRACKER ID _13.20 Merced Yes
76 39 0140L Route 99/140 Separation _013.86 Merced Yes
77 39 0140R Route 99/140 Separation _013.86 Merced Yes
78 39 0141S Yosemite Parkway ON‐RA _013.90 Merced Yes
79 39 0130L East Merced OH _014.08 Merced Yes
80 39 0130R East Merced OH _014.08 Merced Yes
81 39 0139L 15th Street UC _014.22 Merced Yes
82 39 0139R 15th Street UC _014.22 Merced Yes
83 39 0142L G Street UC _014.42 Merced Yes
84 39 0142R G Street UC _014.42 Merced Yes
85 39 0136L Route 99/59 Separation _014.67 Merced Yes
86 39 0136R Route 99/59 Separation _014.77 Merced Yes
87 39 0133L L Street UC _014.87 Merced Yes
88 39 0133R L Street UC _014.87 Merced Yes
89 39 0134L M Street UC _014.96 Merced Yes
90 39 0134R M Street UC _014.96 Merced Yes



Bridge and Reference Project List 

No Bridge No Structure Name P.M County LOTB Type of Foundation 
91 39 0135L O Street UC _015.15 Merced Yes
92 39 0135R O Street UC _015.15 Merced Yes
93 39 0137L R Street UC _015.42 Merced Yes
94 39 0137R R Street UC _015.42 Merced Yes
95 HWY99/APPLEGATE INTERCHANGE _15.60 Merced Yes
96 39 0138L Route 99/140 Separation _015.78 Merced Yes
97 39 0138R Route 99/140 Separation _015.78 Merced Yes
98 39 0132R Bear Creek _016.38 Merced Yes
99 39 132R/L Bear Creek _016.38 Merced Yes

100 39 0131L West Merced Overhead _016.54 Merced Yes
101 39 0131R West Merced Overhead _016.54 Merced Yes
102 39 0010L Black Rascal Canal _017.30 Merced Yes
103 39 0010R Black Rascal Canal _017.30 Merced Yes
104 39 0084 Franklin Road OC _018.51 Merced Yes
105 39 0116L Ashe Drain _018.59 Merced No 
106 39 0116R Ashe Drain _018.59 Merced No 
107 39 0018L Webber Canal _019.49 Merced No 
108 39 0018R Webber Canal _019.49 Merced No 
109 39 0013L Canal Creek _020.07 Merced No 
110 39 0013R Canal Creek _020.07 Merced No 








































































































































































































































































































