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1.0 INTRODUCTION 
This report has been prepared by the Office of Geotechnical Design-South 2 (OGDS2) to address 
the geotechnical design considerations for the construction of two Geosynthetic Reinforced 
Embankments (GRE) embankments to be constructed along State Route 76 at Post Mile 23.2 
located on the Pala Indian Reservation in San Diego County, California, and is hereafter referred 
to as the project; a location map is provided as Figure 1.  The GRE embankments are being 
implemented upon recommendation of OGDS2 and will be used in lieu of two Type 5 retaining 
walls that had been proposed for this site.  OGDS2 recommended that the GRE option be used in 
lieu of the retaining walls on spread footings because the subsurface conditions are not 
conducive for use of Standard Plan retaining structures on spread footings. Additionally the 
depths to competent strata render deep foundations for a 7 foot high retaining wall impractical.   

The geotechnical investigation for this project included: site reconnaissance, research of archived 
resources, subsurface exploration, and data analysis.   

 

The purpose of this report is to document subsurface geotechnical conditions, provide analyses 
of anticipated site conditions as they pertain to the project described herein, and to recommend 
design and construction criteria for the roadway portions of the project.  This report also 
establishes a geotechnical baseline to be used in assessing the existence and scope of changed 
site conditions. 

This report is intended for use by; the project design engineer, construction personnel, bidders 
and contractors. 

2.0 EXISTING FACILITIES AND PROPOSED IMPROVEMENT 
At the project site, SR-76 is comprised of an elevated two lane undivided rural highway with 
paved shoulders of variable width ranging up to 2 feet.   The highway is founded upon 
embankment. Existing embankments vary up to 10 feet in height and exhibit side-slope ratios of 
2 horizontal to 1 vertical (2:1) or flatter.  At this location SR 76 crosses over Pala creek on Pala 
Creek Bridge, BR 57-0072; a multi-span structure supporting two traffic lanes and no shoulders.  

 

The purpose of the project is to replace the existing Pala Creek Bridge with a longer and wider 
single span structure.  To facilitate bridge replacement, the highway’s alignment will be moved 
northward.  The highway Right-of-Way (R/W) on this project is tightly constrained, especially to 
the north of the existing highway.  Between station interval 40+80 + to 42+10 and between 
station interval 44+19 to 45+80, the R/W limits preclude the use of standard embankment slopes. 
In order to keep the proposed project footprint within the bounds of the existing R/W agreements 
either retaining structures or alternative design embankments (such as GRE) are needed along 
these intervals.  The foundation soils found along the referenced interval, in their present 
condition, are not competent enough to support a Standard Plan retaining wall constructed on a 
spread footing without excessive settlement or overturning. Either deep foundations for retaining 
walls or an alternative design will be needed at this site to keep embankment footprints within 
the bounds of the current R/W agreement. 
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3.0 PERTINENT REPORTS AND INVESTIGATIONS 
Caltrans Office of Geotechnical Design South 2:  Foundation Report Pala Creek Bridge 
(Replace).  November 6, 2008. 

4.0 PHYSICAL SETTING 
The following section describes the physical setting of the project including: topography and 
drainage; man-made and natural features of engineering and construction significance; regional 
geology and seismicity. 

4.1 Topography & Drainage 
The project is located within the interior upland physiomorphic province, which is comprised of 
intermediate canyons and low hills.  The project site is situated within the 100 year Flood Plain 
of the San Luis Rey River at its confluence with Pala and Trujillo creeks.  Local drainage 
patterns are braided where undisturbed (natural) ground occurs and are channelized/directed at 
the locations of previous site improvements.   

Relief in the vicinity of the project site is comprised of flat lying floodplain interspersed with 
stair-stepped minor risers and terraces typical to a braided river environment.  The project site is 
bounded on the north and on the south by high relief rugged hills that define the San Luis Rey 
River valley.  

The site has been previously graded and portions of the grading have been engineered. Drainage 
at the project site is predominately by sheet flow toward localized rills and engineered swales.  
Runoff is directed and flows parallel to the existing alignment toward Pala Creek, which crosses 
SR-76 at the subject bridge.  

 

4.2 Regional Geology and Seismicity 
The project site is in the Peninsular Ranges Geomorphic Province of California.  This province is 
comprised predominately of Mesozoic aged crystalline rock.  The rock that defines this province 
typically manifests as dissected mountainous terrain with some marginal sediment filled basins.   

The region containing the project is a seismically active.  Numerous active faults occur 
regionally; however no active faults are known to cross the project.  The bridge Foundation 
Report (FR, November, 2008) indicates that the Whittier-Elsinore Fault is the controlling active 
Fault for the project site and that this fault occurs 3.1 miles east of the project site.  

5.0 EXPLORATION 

The subsurface investigation methods used at this site include soil probe soundings, hand auger 
holes, backhoe trenching, and refraction seismic profiling.  Soils exposed by excavations were 
logged and classified in conformance with the 2007 edition of the Caltrans Soils and Rock 
Logging, Classification, and Presentation Manual.  Locations of auger holes, geotechnical 
trenches, soil probes, and the refraction seismic line are indicated on the Geologic Map, which is 
included as Figure 2.  Due to the tight project schedule the development of geotechnical borings 
was not feasible.   
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5.1 Subsurface Investigation and Sampling 
The number and type of each investigative method used is provided in Table 1 below.  
Table 1 Summary of excavation methods used at each GRE site LOL. 

METHOD WESTERN GRE EASTERN GRE 
 Number Developed/Depth Number Developed/Depth 

SOIL PROBE 0 1/16 
HAND AUGER 2/<13 ft 3/<13 
TRENCH 1/10 1/10 
Refraction Seismic Line 1 0 
 
Hand auger holes were completed with a 3-inch diameter bucket auger.  The auger holes were 
developed to the depth of refusal, which occurred whenever gravels and cobbles were 
encountered.  Surface and subsurface soils were so loose that is was difficult to keep auger holes 
open.    
 
Soil Probes are comprised of driving 1-inch diameter segmental steel rods into the ground with a 
25-pound slide hammer. The number of blows required to advance the probe 1-foot is recorded 
for every foot of advance.  Soil probes soundings were terminated at 16 feet depth, which is 
greater than twice the height of the previously proposed retaining walls and embankments. 
 
Geotechnical Trenches were excavated with a John Deer Excavator equipped with a 3 foot wide 
bucket.  Trenches were excavated to a depth of approximately 11 feet.  Trench wall collapse 
limited the depth of these excavations. Even when walls were laid back to a slope ratio of 1.5:1 
(H:V) soil from the side walls continued to flow into the trenches and prevented achieving 
additional depth with continued digging.    

5.2 Geologic Mapping 
The USGS Geologic Map of the Pala 7.5 Minute Quadrangle was used for preliminary geologic 
site characterization.  A project Scale geologic map was developed by field mapping of 
geotechnical materials evident at the project site and is provided as Figure 2.  

 

5.3 Geophysical Studies 

One seismic refraction line was developed along the Lay Out Line (LOL) of the western-most 
GRE.  An EGG&G 1225 12-channel seismograph was used to record vibrations from an array of 
12 geophones.  The separation between these geophones and the energy source was 11 feet.  A twelve-
pound sledgehammer was used as an energy source.  The effective depth of this investigation 
was about 44 feet.  

A reasonably clear signal was received on all geophones and the resulting data was resolved by 
use of an Excel spreadsheet and by Mulli 4, a Seismic Refraction Interpretation application.  
Resolution of field data generated a three-layer pressure-wave velocity profile.  The interpreted 
velocities were 700 ft/sec (fps), 1000 fps, and 1300 fps.  The pressure wave (p-wave) velocity of 
a material is a function of the the material’s density; therefore,  wave propagation velocities can 
infer the type of material that a p-wave is passing through.  The velocities observed at this site 
are consistent with those for very loose and loose sands and gravels and are consistent with 
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increasing density with depth.  Rock like material was not detected to the effective depth of this 
investigation.  

5.4 Exploration Notes 
The fieldwork was conducted on October 29, November 2, and was completed the morning of 
November 3.  Weather conditions in the time preceding and during the field investigation were 
clear, warm, and dry.  Even under these conditions the rubber-tired backhoe had difficulty 
maneuvering in the loose sand  

6.0 GEOTECHNICAL TESTING 

6.1 In Situ Testing 
Soil probe soundings are correlated to Standard Penetration Testing (ASTM 1586) “N” values 
and soil apparent density in the California Division of Highways Engineering Geology Field 
Manual (1958).  The observed blows per foot from the soil sounding indicate an apparent density 
classification of very loose and loose to the total depth sounded (16 ft). 

7.0 GEOTECHNICAL CONDITIONS 

7.1 Site Geology 
Three geotechnical earth-materials are manifest at or adjacent to the site.  These include 
artificial fill (Qaf), alluvial deposits (Qal) and granitic bedrock (kg) their outcrop limits are 
presented in the Project Geologic map included as Figure 2.   
 
Artificial Fill (Qaf) 
These earth materials are created from the activities of man.  They are derived from local 
materials and include silts, sands, gravels, and granitic boulders.  The gravels and boulders 
are comprised of hard, rounded granitic rocks.  Documentation indicating that the site fills 
were engineered was sought but not found during the course of this investigation.  Fills are 
believed to be up to 15 feet thick within the footprint of the project. 
 
Alluvium (Qal) 
Several ages of alluvial deposits were observed in the vicinity of the project; however they 
were not differentiated. The differences in age are manifest by the variation of soil density 
and by evidence of soil development. The alluvial deposits beneath the GRE LOL are 
comprised of very loose to loose, interbedded, well graded and poorly graded sands. The 
sands are predominately clean, subangular to angular grains of granitic rock fragments, 
quartz, and feldspars.  Based upon this investigation and the Bridge Log of Test Borings 
(LOTB’s) these deposits may be up to 40 or more feet thick at the project site.  
 
 
Granitic Rock of the Southern California Batholith  (Kg) 
This Cretaceous aged rock is termed basement rock and has been extensively mapped 
throughout the region and underlies the site alluvial deposits; however, it was not 
encountered in outcrop nor in the subsurface investigation on the project corridor.    
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7.2 Soil Conditions 
The Site soils are very loose to loose interbedded well-graded sands and poorly-graded sands with some 
gravel and cobbles.  Some thin interbeds of silty sand occur.  The very loose to loose soil deposits are 
thick and will settle excessively under applied loading.  

7.3 Surface Water 
The site soils are dry to moist and are free draining.  North of SR-76 and east of the existing 
bridge rills up to 2 feet deep and 3 feet wide were observed adjacent to and parallel to the toe of 
the existing highway embankment.  Both offsite and embankment storm water flow to this area.  
These rills widen and deepen westward and eventually conjoin Pala Creek.  The site is within the 
100 year floodplain of the San Luis Rey River and therefore is subject to flooding during severe 
storms and/or prolonged rainy seasons. 

 

7.4 Ground Water 
Groundwater was not observed during this investigation; however, it was observed at an 
elevation of 364.2 feet in the Bridge boring designated as R-08-002.  The project site is located 
within the 100 year floodplain of the San Luis Rey River.  It is likely that shallow groundwater 
occurs beneath the site during and following prolonged and/or intense rainstorms. 

 

8.0 GEOTECHNICAL ANALYSIS AND DESIGN 

8.1 Earth Retaining Systems 

A previous plan to retain new embankment at the project site was to use standard plan Type 5 
retaining walls. The site investigation revealed that subsurface materials below the proposed wall 
alignment were comprised of very loose to loose sandy alluvial soils to the depth explored of 
about 9 feet. If retaining wall footings were founded on these materials the wall footings would 
be subjected to intolerable total and differential settlements with a high potential for wall tilt. 
Therefore remedial grading consisting of removal and recompaction of loose alluvial soils would 
have been required to assure that the wall footings would be adequately supported. Based on the 
standard plan width of the wall footing, the depth of removal and recompaction of existing very 
loose to loose alluvial soils would have been at least 10 feet. Owing to right of way constraints 
remedial grading was deemed to be impractical and the retaining wall alternative was abandoned. 
 
Given the loose subsurface conditions and right of way issues, the concept of a GRE was 
considered and found to be an acceptable and practical alternative at this site. In contrast to a 
retaining wall, the GRE system requires no remedial foundation grading and thus there are no 
associated right of way issues that require attention. Moreover a GRE system can tolerate the 
large total and differential settlements that would likely occur at this site. In light of these 
conditions, a geotechnical analysis was performed to develop a design for a GRE system. 
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8.2 Geosynthetic Reinforced Embankment (GRE) 
A GRE system is comprised of a compacted fill embankment layered with geogrid reinforcement. The 
compacted soil resists compression and shear and the geogrids provide tensile resistance. The 
combination of the tensile and compressive strength of the soil and geogrids improve the global strength 
of the composite material. 

8.3 Geotechnical Analysis 
The GSTAGL7 computer program was used to design the geogrid reinforced soil slope. The 
Modified Bishop Method of Slices was used to obtain the minimum factor of safety against a 
circular sliding failure. The most critical slope cross-section as represented by a slope of height 8 
feet and slope ratio of 0.75:1 (H:V) was modeled in the analysis. Soil parameters input into in the 
analysis are presented in the following table.  In addition to soil parameters, the ultimate design 
strength of the geotextile, its length, and vertical spacing were also specified in the analysis. 
 
 
 
Table of Soil Parameters 

Soil Type Cohesion (psf) Angle of Friction 
(degrees) 

Soil Total Unit 
Weight (pcf) 

Embankment Fill 0 32 120 
Alluvium 0 28 120 

 
 
 
The slope stability analysis of the goegrid reinforced soil slope yielded a safety factor of 1.7 
which exceeds the minimum acceptable safety factor of 1.5. 
 

8.4 GRE Design 
 
Based on our slope stability analysis we recommend that the embankment fill slope be reinforced 
with a geotextile with a minimum long term design strength of 450 pounds per foot. The geogrid 
reinforcement should extend a minimum of 8 feet into the embankment from the slope face. The 
vertical spacing of the geogrid reinforcement should be 18 inches. The embankment fill soils 
should be compacted to 95 percent relative compaction.  In order to protect the exposed GRE 
face from erosion and surficial instability caused by saturation of the slope face, it is 
recommended that the slope face be protected with a rock fill facing. Welded wire facing units 
filled with rockfill should be stacked up on the slope face. A typical section showing the geogrid 
reinforcement and the stone filled welded wire facing unit is presented in Figure 3. 

8.5 Construction Recommendations 
 

1. Temporary construction slopes should be cut at an inclination no steeper than 1:1 (H:V). 
Steeper cuts will require engineering analysis and will be subject to approval by the 
Resident Engineer. 
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2. Due to the anticipated presence of loose foundation soils along the alignment of the GRE, 
it is recommended that loose soils to a minimum depth of 2 feet be removed and 
recompacted to 95 percent relative compaction in accordance with CTM 216 prior to 
placement of the embankment fill. 

3. Slope face wire baskets need not be placed horizontally. If desired these baskets may be 
placed at a gradient to match the existing profile grade. 

4. Slope face wire baskets come in standard heights.  To stay within the R/W, the first 
basket course may be installed below or partially below grade and subsequent courses 
may be stacked as needed.  

5.  Due to the presence of loose unconsolidated soils, rubber tired vehicles may become 
mired during and following rains. 

6. The site is located in and/or is adjacent to the 100-year floodplain and may be subject to 
flooding during sever storms or prolonged rain storms. 

7. The existing highway embankment contains large boulders of hard rock that may become 
problematic during the keying of new embankment into the existing slopes.  Boulders 
may be difficult to remove or their removal may result in large excavations that under-
mine the existing traveled way. 
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AND SOIL APPARENT DENSITY 
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State of California Business, Transportation and Housing Agency 
M e m o r a n d u m 
 
To: Claire Dodge – Office Engineer Date: April 30, 2010  
   
   File: 11-SD-76 
                                                                                                                    PM 23.1/23.5                 
                                                                                                                    11-273401  
   
From: DEPARTMENT OF TRANSPORTATION 
 DISTRICT 11 – Pavement Management 
 
Subject: Limited Use & Restrictions to the TCE (Road Behind Pala Casino) 

 
The following information should be included as part of the information 
handout per agreement with Pala Casino.  
 

1. Copy of map showing the location of the access road.  See 
Attachment 

 
2. Contact person, address, phone number, and email for Pala Band of 

Mission Indians: 
Andrew Moro 

Business Manager 
Pala Band of Mission Indians 

35008 Pala Temecula Rd. PMB 60, Pala CA 92059 
Phone: (760) 891-3533 

Fax: (760) 891-3588 
Cell: (760) 802-5209 

                                               amoro@palatribe.com 
 

3. Begin Project Construction:  09/23/2010 
 

4. End Project Construction: 05/01/2012 
 

5.  Caltrans project contact persons and phone numbers: Bruce Lambert  
(Project Manager), Phone: (619) 688-3313.  Rahim Akhondzadeh 
(Resident Engineer: RE),  Phone:  (858) 688-1318. 

 
6. Type of work to be performed and actual duration of work to be performed: 

              Pala Creek Bridge Replacement Project (Begin Construction: 09/23/10 & End 
              Construction 05/01/12).        
 

7. Any pertinent information as agreed with the property owner: 
 
       Per Agreement with Pala Tribe, use of the access road in the rear of Casino  
              should be limited to only delivery or pick up of equipment or material used to  
              construct the bridge.  The access road cannot be used as a haul road for  
              other construction material placed in the work area (i.e. - rock, soil, etc).  The  
              access road can only be used with the prior approval of the RE (Rahim  
              Akhondzadeh) and the Pala Casino (Andrew Moro) with a minimum of 48- 
              hour advanced notice.  The access road could be used to pull in the 
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PALA CASINO ACCESS
EXHIBIT "A"SR 76 PM 22.6

EA: 273402
04/07/2010

DEPARTMENT OF RIGHT OF WAY ENGINEERING
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