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The proposed projlect involves constructi~on of a six-lane freeway from 1.1 KlLl East of the 
Route 9051805 Separation to 0.6 KM West of the Mexican border in San Diegcl County (see 
Figure 1- Site Location and Figure 2- Site Plan). The purpose of this report is to document 
subsurface geotechnical condlitions, provide analysis 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 any changed conditions. The geotechnical 
investigation consisted of a review of existing reports and geotechnical literature, subsurface 
exploration (soil borings), laboratory testing and engineering analysis. 

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

21.0 EXISTING FACILITIES AND PROPOSED IMPROVEMENTS 

The Site Plan shows the proposed alignment relative to the existing Route 905 and the local 
streets. The existlng Route 905 (Interim) is a four-lane road with a median, connecting 
Interstate-5 and Route 805 to the Otay Mesa International Border Crossing. The proposed 
alignment will trwcrse the existing Route 905 to Station 126+00 then trend south east, 
crossing Caliente Avenue, Heritage Road, Cactus Road, Brittania Boulevard, La Media Road, 
and Airway Road and connect to the Siempre Viva road interchange. 

The project lies just North of the Tijuana river and is located between Brown Field and the 
Tijuana International Airport Its proposed layout skirts fallow agricultural fields., graded and 
terraced pads (engineered fills), undeveloped coastal chaparral stands, and steep sided canyons. 
The conidor passes through predominantly rural land where land use has been divided between 
agricultural, light industrial, l~usinesses, salvage, mining, and rural residential. Historically, 
truck farming conlprised the major portion of the land use. 

The freeway woulld include six travel lanes; three in each direction with standard width inside 
and outside shoulders. The inside shoulders will at some point in the future be developed into 
high occupancy vehicle ( HOV ) lanes. A median of width 13.8m will separate the eastbound 
and westbound freeway 1ane:j. Preliminary plans indicate that the pavement sections will be of 
asphalt concrete constructior~ although concrete sections may be considered as an alternative. 
Diamond interchanges will be provided at the freeway intersection with Caliente Avenue and 
Britannia Boulevard and a tvvo quadrant cloverleaf interchange will be provided at La Media 
Road. Caliente Avenue and Britannia Boulevard would be reconstructed as over-crossing 
structures, while La Media mad would be an under-crossing structure. The Heritage Road and 
Airway Road intersections will also be under-crossing structures. The plans also include 
improvements to existing city streets. The exlsting access from Otay Mesa Road to Route 905 
would be teminaited and Otay Mesa Road would be converted to a cul-de-sac approximately 
500m west ofthe Caliente Avenue over-crossing. A cul-de-sac would be constnicted along 
Cactus Road south of Otay Mesa Road. A two-lane fiontage road would be constructed from 
the terminus of Cactus Road on the south side of Route 905 to Gateway Park Drive. 



Additionally, the existtng Britannia Boulevard and La Media Road which serve as truck access 
roads to the border with Mexico will be redesigned for heavy truck traffic loading. 

Proposed grading plans indicate that approximately 1 million cubic meters o f  material will be 
generated from cuts located mainly to the west o f  Britannia Boulevard. The project will be 
mostly in fill to the east o f  Britannia Boulevard. The estimated fill volume is about 3 million 
cubic meters o f f  which about 2 million cubic meters will need to be imported. The maximum 
height o f  cut will be about 8m and the maximum height o f  f i l l  will be about 20m. 

Drainage provisions will include at least six detention basins and three reinforced concrete box 
culverts. 

The proposed project will include the construction o f  several bridges. From west to east these 
are: 

- Caliente Avenue Over Crossing, Bridge No. 57-1 142 at Station 133+00 
- Spring Canyon Bridge No. 57- 1 15 5 between Stations 142+60 and 144+00 
- Heritage Road Under Ch-ossing, Bridge No. 57-1 143 at Station 150+00 
- Britannia Boulevard Over Crossing, Bridge No. 57-1 144 at Station 166+00 
- La Media Road Under Crossing, Bridge No. 57-1 145 at Station 182+00 
- Airway Road Under Crossing, Bridge No. 57-1 148 at Station 200+00 

Foundation investigations for these structures are outside the scope o f  work o f  1.his report and 
are being separately addressed b y  the Office o f  Geotechnical Design Services-2. 

Iln addition several retaining structures will be constructed and these are discussed later in this 
report. 

3.0 PERTINENT REPORTS AND INVESTIGATIONS 

The following pertinent reports were referred to during the preparation o f  this document; 

1. Draft Project Report (DPR) on Route 905 in San Diego County from 0.8 Kilometer East o f  
Route 805 to the Otay Mesa Border Crossing, August 2001, prepared b y  California 
Department o f  Transportation District 11 Division o f  Design, 11-SD-905, KP 9.2119.3, 
1 1224-093 160. 

2. Draft Environmental hnpact Report (DEIR), August 2001, prepared b y  California 
Department o f  Transportation District 1 1. 

3. Geotechnical Design Report (GDR) for the Construction o f  Six-Lane Freeway from 
Airway Road to the Otay Mesa Border Crossing, Slate Route 905 (Phase I ) ,  June 2001, b y  
California Department o f  Transportation Division o f  Engineering Services- Office o f  
Geotechnical Services-C;eotechnicall Design Branch-South 2, 11 -SD-905 Kf' 18.5119.3, 1 1- 
091801. 



4. A 6096 constructability set of plans, March 2004, prepared by District 11 Design, 1 1-SD- 
905 KP 9.211 8.0. 1 1-091 8;!1. 

5. Geologic Hazards Investigation Environmental Study 11-SD-905 P.M 5.7/12.0 State Route 
905 from Interstate 805 to the Otay Mesa Border Crossing and Palm Avenue ;at 1-805, June 
27, 1994, prepared by Department of Transportation- District 11, Engineering Geology 
Section. 1 1 -SD-905 PM 5.7-1 2.0. 1 1-093 160. 

6. Geotechnical R.ecommendations for Proposed Freeway Construction Cactus Road Landfill 
( BarnhartiDantzler Proplerties), June 19, 2000, prepared by California Clepartment of 
Transportation-- Roadway Geotechnical Engineering- South, I I-SD-905, PM 5.7112.0, 11- 
093 1 60. 

4.0 PHYSICAL SE;TTING 

4.1 Climate 

The project site is located in a semi arid coastal climate characterized by low rainfall and 
moderate temperatures. 

Mean temperatures range from approximately 21 degrees Celsius in September to 
approximately 13 degrees Celsius in January, with a mean annual temperature of 17 
degrees Celsius. The Chula Vista weather station, which is closest to the project site, has 
been maintaining records since July 1948. The average annual total precipitation for this 
station is approximately 24 cm, with the heaviest rainfall occuning in the months of 
January through March. January has the average monthly precipitation of approximately 
5-cm. The area experiences approximately 340 frost-free days annually. 

4.2 Topography and Drainage 

The project. is situateti on Otay Mesa, which is an east-west trending drainage divide 
between the Otay and Tijuana Rivers. Otay Mesa is a relic wave cut (ocean) terrace. It is 
a mostly flat Feature of youthful topography. It occupies elevations between 6 lm to 
213m above mean sea level. Most of the mesa is in low relief with a gentle southwest 
gradient with a slope of about 1 vertical to 11 horizontal. The inland center of the mesa 
contains ge:ntly sloped mound- like hills. These hills are elongate to dome shaped. Their 
peaks are smooth features that are about 6.lm to 30.5m above the average mesa top 
elevation. Slope gradient increases subtly eastward up to the transition zone of the 
interior uplands where it increases rapidly. The project begins mid slope, around 
elevation 70m on the west-facing slope of the mesa and traverses the mesa top at 
elevation 152m to 183m. It crosses the northern ends of the west and east forks of Spring 
Canyon that exhibit ;I differential elevation of 46m. It continues eastward across the 
mesa and turns south-south- eastward where it  skirts the flank of the mound like hills, at 
about elevation 165n1. It follows this gradient to the International Border. 



Drainage vanes along the project corridor. The mesa's drainage patterns are youthful 
and parallel to dendritic. Drainage across most of the mesa's top is by sheet flow. Mesa 
top gradien1.s predominantly trend southwestward toward the Tijuana River valley. 
Channels around the Nlesa's fringe are youthful with steep gradients. The friable mesa 
rock has enabled streams to incise deep, narrow, steep-sided canyons into the mesa. 
Dennery Canyon drains northward from Otay Mesa Road to the Otay River and several 
branches of Spring Canyon drain southward toward the Tijuana River. 

4.3 Regional G'eology and Seismicity 

4.3.1 Stratigraphy 

The pro~ect site is located witlhin the Peninsular Range geomorphic Province, one of 
the eleven prin1ar;y geomorphic provinces that comprise California. The Peninsular 
Range Province is characterized by a series of northwest trending mountain ranges 
that are separated by sub parallel fault zones. Locally, the Peninsular Ranges are 
comprised of three crystalline rock units: The Paleozoic/Mesozoic Julian Schist; the 
Jurassic Santiago Peak Volcanics (metavolcanic and metasedimentary rocks); and 
the Cretaceous igneous rocks of the southern California Batholith (silica rich rocks 
collectively ternled "granitics"). These crystalline rocks combine: to form the 
basement rock complex underlying the region upon which, to the west, a 
moderately thick succession of marine and non-marine sediments have been 
deposited. Crystalline rock is not exposed within the project corridor; however it 
does outcrop both to the north and east of the project. Borings developed along the 
pro~ect. corridor vvere not advanced to sufficient depths to contact basement rock; 
therefc~re for seismic considerations, the site is characterized as a thin soil over soft 
rock site. 

The Peninsular Range Province is subdivided into two minor 
physiographiclgeomorphic provinces: these are the Coastal Plain and the Interior 
Upland. The project site is located entirely within the Coastal Plain province, 
howeker, the transition to the Interior Upland is located approximately 5km to the 
east. 'The Coastal Plain is predominantly comprised of upper Cretaceous, Tertiary, 
and Quaternary sedimentary rock formations. Within the proJect corridor, these 
sedimentary formations are principally comprised of indurated to friable pebble, 
cobble and boulder conglomerates, sandstones, siltstones, mudstones, and 
claystones. Bentonite beds, lenses, and laminae are highly prevalent in the area's 
stratigraphy. Due to their expansive nature and their role in facilitating 
development of landslides in the areas slopes, they are of engineering significance. 

4.3.2 Geom~orphology and Geologic Structure 

Structurally the site is characterized as a repeated series of marine imd non-marine 
sedimentary units deposited upon the basement rock complex. While bedding 
typically dips subtly westward to south westward; local contacts, w!lich are usually 
erosic~nal in nature, may dlp more steeply with dip direction concordant with the 



depositional systenn at the time of deposition. Tertiary and Quaternary sea advances 
and retreats have cut these soft-rock formations into a series of regionally 5 to 7 
terraces whose escarpments parallel the present coastline. The project is contained 
within the Lindavista Terrace. Incision by the regions sigmificant drainages has 
transformed the terraces into the vicinity's characteristic mesa topog-aphy. Both 
the interior upland and the coastal plain province exhibit evidence of continued 
faulting throughout their evolution. Two dominant types of faulting are evident in 
the vicinity containing the project site: These are Right Lateral Strike-Slip faulting 
arising from and facilitating northeastward movement of the Pacific P'late along the 
western[ edge of the North American Plate. The Rose Canyon and Coronado Banks 
Faults ;ire local examples of this style of faulting. The second mode of faulting is 
Dip-Slip in Nature. This mode is the result of extensional forces developed to 
accomrnodate fault-block rotations and the bends in the regions strike-slip faults. 
Both the La Nacion and the San Ysidro Fault Zones are examples of this style of 
faulting. 

The project is located on the eastern margin of the Pacific Plate. Thc Pacific Plate 
is one of a series of plates (discrete blocks) that comprise the outer surfac,e of the 
earth. The margin is a land mass (both on and offshore) fractured  and^ transected by 
numerous faults and shears upon which the Pacific Plate's northward movement is 
accommodated. The San Andreas Fault, which is a transform fault, is the tectonic 
boundary formed by the oblique collision of the Pacific Plate with the North 
American Plate. 'The width of the plate margin extends from the San Andreas Fault 
westwrnd to well offshore of San Diego. Movement of the plate is accommodated 
along a series of faults and shears and results in the generation of seismic waves 
known as earthquakes. The region containing the project is considered seismically 
active and has experienced numerous moderate to h,igh intensity earthquakes that 
originate from faults both near and distant to the project site. 

The project lies outside of zones requiring special studies as mandated under the 
Alquist-Priolo (AP) Earthquake Fault Zoning Act. The nearest AP-zone is the 
Rose Canyon Fault zone located west-north-west of the project. Table 1 presents 
the names of active faults within approximately 100km of the project site and their 
characteristic deterministic parameters. The table summarizes parameters of 
known "active" faults within a lOOkm radius of the project site. The faults are 
listed, in order of increasing distance from the project site, including approximate 
site-to-source drstances and maximum credible earthquake magnitudes. Due to 
proximity to the project site, the Newport Inglewood Rose Canyon fault and the 
Coronado Bank:$ fault dominate seismicity along the project corridor. These faults 
exhibit right-lateral strike-slip style of faulting. 

Not included in the table are two significant, active fault systems, located south of 
the border within 60 km of the project site. These are the Agua Blanca Fault and 
the San Miguel Fault zone. Both systems are believed capable of generating 



earthquakes destructive to San Diego (Legg, 1989). It is believed that the San 
Miguel Fault zone is the southern extension of the Rose Canyon Fault Zone (Legg 
et al, 1979). It experienced several significant ruptures with magnitudes ranging up 
to 6.6 in 1956. The Agua Blanca Fault is believed to be the south err^ extension of 
the Coronado Banks Fault (!Legg, 1989). Preliminary estimated ann'ual slip rates 
for this fault range from lmm to 13mmlyear (Rockwell et al, 1987; Webb, 1989). 
Both faults contribute to the project site seismicity; however due to their distance 
from the project it is anticipated that site intensities and bedrock accelerations 
arising; from rupture along these systems would be subordinate to those of the 
significant fault s:ystems located closer to the project corridor. 

The La Nacion Fault Zone is classified as potentially active. Its mapped trace is 
within one kilometer of the west end of the project. It was a formerly considered a 
design concern by Caltrans. It is included in the City of San Diego's Model 
Seismic Safety Ellement; in the 1983 Seismic Safety Studv; and in the Geology For 
Planning Imperial Beach 7.5 Minute Ouadrangle, San Diego, Ca!~ifomia (1980 
CDMG OFR 80-16, Bushnell, Mualchin, et al) and other regional planning 
documents and reports. The La Nacion Fault Zone is comprised of ;I series of left 
stepping en-eche!lon dip-slip faults in which the west-side has been tlown-dropped 
relative lo the east-side. The fault zone is approximately 33 km in length and 
appro:uimately 4.2 km wide. Deterministically, it can be assigned a maximum 
credjb~le rnomenl. magnitude of 6.2 to 6.75 (CDMG OFR 80-16rnap sheet 45; 
1992). Due to its recently assigned potentially active classification, this fault is 
exclutled from design consideration by current professional practice. Therefore, 
its relevance to the project, as well as other faults and shears of the San Ysidro 
Fault Zone (also potentially active and located adjacent to the project), is that 
shear:; associatedl with these zones may be encountered in excavations. If present, 
and oriented adverse to cuts andlor slopes, these features may facilitate slope 
failures. Kenned:y and Tan (1 975) have mapped one such feature within the project 
corridlor. It is to-pographically expressed and is located right of Station 125+00 on 
the project Geologic Map. Anomalous terrain was noted at this location during 
field mapping, and at the time, it was considered to be a result of shallow 
slumping, which is a common feature, o b s e ~ e d  in area canyon  walls exposing 
Otay Formation. Kennedy and Tan also mapped other minor faults (potentially 
active) adjacent to the project, both north and south of the alignment. If these 
features are daylighted by cut during construction, then a geologist should review 
the slope before the cut is completed. 
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4.4 Soil Survey Mapping 

Based on the United States Department of Agriculture-Soil Conservation Service (USDA- 
SCS) publication dated December 1973, land use in this area prior to the date of the report 
was devoted principally to agriculture and therefore development had not significantly 
altered the natural soil profile. Since 1973, however, there has been substantial commercial 
and light industrial development on both sides of the existing State Route 905. 



The soil units mapped along the project alignment are Stockpen (Suit and SUB), 
Olivenhain (Oh[F), Salinas clay (ScA), and Diablo clay ( DaC and DaD).The 13tockpen unit 
is defined as consisting of moderately well-drained loams to gravelly clay loams that have 
a subsoil of clay or gravelly clay with 0 to 5 percent slopes. The Olivenhain unit is defined 
as consisting of well-drained cobbly loams and gravelly loams that have a gravelly clay 
subsoil over a hardpan ~11 th  2 to 9 lpercent slopes. The Salinas clay consist:; of a surface 
layer of clay and a substratum of clay to clay loam with 0 to 2 percent slopes. The Diablo 
clay( DaC and DaD) consists of well-drained, moderately deep to deep clays derived from 
soft, calcareous sandstone and shale. These soils have slopes of 2 to 15 percent. All of these 
material types were encountered in our subsurface investigation. 

According to the IISDA-SCS publication the Stockpen unit has low permeab~lity, very low 
runoff and a slight erosion hazard. The Olivehain unit has low permeability, rapid runoff 
and a high erosion hazard. The Salinas clay has low permeability, very sloni runoff and a 
slight erosion hazard. The Diablo clay has low permeability, slow to medium runoff and a 
slight to moderate erosion hazard. 

A geotechnical subsurface investigation was conducted to establish a vertical soil profile across 
the site and to detem~ine soil types and their engineering characteristics within the proposed 
project limits. Thl-se characteristics have been used to anticipate soil behavior during and after 
construction of the proposed improvements. 

5.1 Drilling ancl Sampling 

A total of 71 exploratory soil borings were conducted for the roadway during the period 
from early February 2004 through July 2005. Additionally, a total of 2:) borings were 
performed for the retaining walls that were investigated at the time of this report. The 
logs of all te:st borings are presented in the Appendix. The locations of all Ihe test borings 
are shown on Figure 3. The soil borings were advanced into the ground utilizing different 
kinds of rigs (CS 2000, CS 500, B47) and auger and bentonite mud rotary drilling 
techniques. The mud-rotary technique uses a drilling fluid thickened with bentonite 
powder or polymer to stabilize Ithe walls of the borehole and to bring cuttings to the 
surface. Standard Penetration tests were conducted at intervals of 1.5 meters. SPT blow 
counts were: used to determine soil consistency or relative density. Base~d on SPT data, 
disturbed bulk samples and relatively undisturbed 50-mm brass lined California samples 
were obtained at several boring 1.ocations for laboratory testing. The soil borings along 
the alignment were drilled to depths up to 10 meters below the existing ;ground surface. 
The deeper borings coincided with locations of the earth retaining walls. After drilling all 
test bonngs were backfilled with bentonite pellets. 

5.2 Geologic Mapping 

Detailed geologic mapping of the freeway alignment was performed at a scale of 1 :2400 
and the resulting geologic map is presented as Figure 3. The geologic map is based on 



field studlies, published geologic Inlaps and reports, and the results of  our subsurface 
explorations. 

5.3 Geophysical Studies 

No geophysical studies were perfonned for this project. 

5.4 Instrumentstion 

At this time field instrumentation of the subject alignment was not deemed applicable to 
the project arid thus was not performed. 

5.5 Exploration Notes 

During tlhe drilling operations considerable difficulty was experienced in several of the 
borings that were advanced through the Quaternary Linda Vista Formation. At these 
boring locations hard to very hard drilling was observed while the bonn,gs were being 
advanced through very dense gravelly sand, cobbles and possibly boul'ders. In some 
instances the: borings were continued utilizing rock coring techniques and in other cases 
terminated if close to the desired depth of exploration. In five borings circu:lation loss was 
noted at varying depths below top of hole elevation indicating that fluid Loss may have 
resulted from flow into fractured rack. 

Some planned borings could not be performed due to environmental issues. These 
borings are associated with the proposed Retaining Wall 170 and Retaining Wall 146 
between Station 146+05 to Station 147+15. These areas will be investigated when the 
permit to enter issues are resolved and an addendum report presenting thc: results of our 
investigation will be issued later. 

6.0 GEOTECHNICAL TESTING 

6.1 In-Situ Testing 

In-situ testing consisted of Standard Penetration Tests perfonned in accordance with 
ASTM D 1587-00. Th~e tests were, in general, performed at 1.5 m depth intervals. The 
results of the SPT tests are shown on the log of test bonngs that are presented in the 
appendix. 

The exploration program did not reveal the presence of any adverse soil conditions that 
would warrant additional forms of in-situ testing. 

6.2 Laboratory Testing 

Laboratory testing of representative soil samples obtained from the test borings was 
performed in Translab in Sacramento. These tests included in-situ moisture content, in- 
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situ dry density, mechariical analysis, Atterberg Limits, Falling Head Soil Permeability 
and corrosion tests. The results of the laboratory tests are presented in the Appendix. 

7.0 GEOTECHNICAL CONDITIONS 

7.1 Site Geology 

Based on our geologic mapping, the subsurface investigation, and review of published 
geologic maps and literature, the project area is predominantly underlain by Quaternary 
and Tertiary sedimentary formations. Beds comprising the formations range from very 
denselhard soil to rock. The Quaternary and Tertiary deposits range fram friable to 
induratedl. Some beds may be well cemented; others are very dense nonindurated; finally 
some are very dense slightly indurated deriving coherency from clay binder. Cementing 
agents include ferruginous cements (typical of the Lindavista and San Diego Formations) 
while others are calcite (@an Diegcl and Otay Formations). 

Strata typically dip subtly westward; however due to erosional unconfonnities and cross 
bedding, localized intermediate steeper dips (20 to 30 degrees) with trends that differ 
significantlji from the iregional average may be encountered. Therefore, cuts should be 
evaluated fc~r conditions adverse to slope stability before grading is competed. 

Many of thls formational units, terrace, colluvial, and alluvial deposits contain pebbles, 
cobbles, and small boulders. Locally cobbles may comprise from 10'34, to 60% of a 
given stratum. Rare boulders of very strong volcanic and granitic rock up to one cubic 
meter in size were observed across the length of the project corridor. The gravels, 
cobbles, and boulders are comprised of subangular well rounded prismoidal, to discoidal 
clasts of very intenseby weathered to slightly weathered, weak to very strong very hard 
clasts of metavolcanic, volcanic, and granitic rock. The conglomerates are typically 
matrix supported; however locali~ed beds and stringers of clast supported beds are not 
uncommon. Conglomerate matrix is typically clayey sand and silts and locally none of 
the conglorneratic outcrops exhibited cementation. 

Locally surface materials are covered, in some areas, by documented, undocumented and 
non-engineered fills, l.opsoi1, rubbish, soils, and recent colluvial, and a1:luvial deposits. 
Site topsoils are typically cohesive and exhibit characteristics consistent with highly 
expansive materials. They are typically dark grayish brown to black, overconsolidated 
and desiccated, and deeply fissured by desiccation cracks. In the dry state, they are very 
hard. In most areas they have been disturbed by farming and may contain a significant 
accunlulation of salts and organic detritus. Generally they contain up to 10% gravel and 
cobbles with rare bo~ulders. Attempts were made to determine the thickness of the 
expansive soils at numerous locations, considerable difficulties were experienced 
because of the presence of common cobbles and the very hard clays. Based upon 
exposures along slo.pes, and shallow cuts, it is believed that these deposits are 
approximately 1 to 1.5m in thickness. Conditions consistent with expansive and highly 
expansive soils are depicted on the project geologic map as dashed .and solid cross 
hashers respectively. 



A geologic map of the project alignment showing the approximate limits of the various 
geologic units is presented as Figure 3. A brief description of each unit is presented 
below: 

RUBBISH IR) 

Rubbish was encountered over much of the project; it is depicted on the project Geologic 
Map by the: symbol YR". Typically rubbish is not considered a mappable unit on a 
geologic map; however, such large accumulations of rubbish have been stockpiled on the 
corridor, that it was deemed appropriate to include it on the map. Rub'bish has been 
stock piled as canyon fill, mats, and discrete piles. Where piles arc: significantly 
concentrated within a given area, the area is depicted on the geologic map by the symbol 
"X". 

Rubbish is comprised of unauthorized dumping of household garbage, lumber, garden 
and tree trimmings, machine and electronic components, plastic and rubber detritus, 
tires, cars and car parts, batteries, household and office appliances and furniture, and 
construction detritus iincluding concrete up to three cubic meters in size, asphalt, pipe 
(metal, reinforced concrete pipe, asbestos, plastic), telephone poles, and excess concrete 
spoil. Often the rubbish is intermixed with soils or is winnowed with cobl-~le and boulder 
stockpiles, which are probably spoils from quarry operations. 

FILL (AF; AFE) 

Several areas of fill wiere mapped along the project alignment. These fills are comprised 
of both engineered antd undocumentedl fills. Engineered Fills are depicted on the map 
symbol by "AFE". Engineered fills are associated with the exi,jting roadway 
improvements and the commercial and residential developments that arc present in the 
area. Materials for these fills appear to have been derived from on-site soilrces. They are 
characterized as cobbly-gravelly, silty sands with clay. Cobbles and gravels may 
comprise firom 10 to 20% of the materials. At the time of writing, documentation for 
these fills is yet to be obtained; however, as the improvements are recent, it is assumed 
that they were completed under modem building codes, and thus construction was 
consistent with modern engineering practice. One notable exception to this statement, is 
that some small drainages, arroyos and some vacant engineered terraces (foundation 
pads) have been filledl or constructed as embankment. As they currently do not support 
improvements, without documentation, they should be assumed to be non-engineered. A 
small failure has developed in one such arroyo fill located right of the surface street 
located to the nght of Station 152+00 (approximately). A well developed tension crack 
has developed in the fill adjacent to the mesa, and the fill is down-dropped relative to the 
mesa. Duiring the malpping phase of the investigation it was noted that engineered fills 
are at slope ratios of 1 : 1 or flatter. 



Undocumented fill is denoted by map symbol (AF). Undocumented fills are comprised 
of soils, cobbles and boulders as well as miscellaneous debris such as those described 
under Rubbtsh. Unautlhorized dumping sites were also observed along the project 
alignment. Undocumented soil fills occur as drainage infill, spoil piles, ar~d berms, and 
were likely placed with little or no compactive effort. Field observations indicated that 
the debris and dumped matenals contain rubbish that consist of large chunks of concrete, 
asphalt, applliances, electronic machine parts, tree trimmings, car bodies, clothing and 
household trash. Stock piles of clayey spoil are common along the alignment. The 
undocun~ented fill soils, as well as the debris sites, are not considered suitable 
foundation n~aterials in their present condition. 

Potentially hazardous materials underlie an infilled drainage crossing Cactus Road 
between Ail-way Road and Camino Maquiladora. This area is known as the "Tripp 
Landfill" and may contain several meters of buried metal and ash. A portion of the 
"Tripp Landfill" is on the BarnhartiDantzler properties and will be traversed by the 
proposed freeway. Our office previously investigated this area, and produced a report 
that provided recommendations regarding the contaminated undocumented fills. This 
report is listed in Section 3 above. 

During the mapping phase of the investigation it was noted that non-engineered fills are 
at slope ratios of 1 : 1.5 or flatter. Much of the materials identified as undocumented fill 
are suitable for commlon embankment; if removed, mixed with suitable materials, and 
are replaced, per standard specifications. 

Where fills could not be differentiated from terrace deposits, they are depicted on the 
Geologic Map as AFJQT; AF?; AFEJQT; etc. Final designation will be made from the 
subsurface investigation andlor during construction grading control per standard 
specifications. 

TOPSOILICOLLUVIUM (COE) 

Topsoil and colluviurn~ deposits exist along the major portion of the undeveloped area of 
the freeway alignmenit. These deposits are comprised of silty and sandy clay, and silty 
and clayey sand with varying amounts of gravel and cobbles. These deposits are up to 
two meters thick. Some of the more clayey topsoils are highly expansive and will require 
removal in pavement areas. 

ALLUVItJM (QAL) 

Alluvium encountered in the river beds and channels is mostly comprised of poorly 
consolidatcd deposits of clay, silt and sand with varying amounts of grael ,  cobbles and 
possibly boulders. The thickness of the alluvium is estimated to vary from 0.3 to 2m. 
Cobbles and gravels are frequently nested within the alluvial deposits. They occur as 
gravel bar!; where drainage gradients change from high-gradient slope rills to the low- 
gradient tread located along the arroyolcanyon bottoms. 



STREAM TERRACE DEPOSITS 

Stream terrace deposits of late Pleistocene or Holocene age probably occur locally as 
terraces bordlering the valley floors. Deposits include unconsolidated sand and gravel 
derived from nearby sources and are comprised of debris from sedimentary, igneous and 
metamorphic. rocks. As the current hydrologic regime is one of rapid down cutting fpom 
ephemeral flows, these features are poorly developed and indistinguishable from 
colluvial and alluvial d.eposits and therefore are not depicted on the project geologic 
map. 

QUATERNARY TERRACE DEPOSITS (QT) 

The QuatemaryiTertiar:y (Pliocene-Pleistocene) terrace deposits capping the Otay Mesa 
is the Lindavista Formation depicted by map symbol (QT) on the project geologic map. 
The San Diego Formation is a Pliocene-Pleistocene accumulation of near shore marine 
and non marine sedime~nts (Kennedy and Tan). These deposits were deposited on a wave 
cut platform - the Lindavista terrace. The Lindavista Formation is comprised mainly of 
reddish brown, interbedded sandstone and conglomerate. Hematite cementation renders 
the Lindavista Formation resistant to erosion; thus it forms a resistant cap rock that 
protects the more erodible materials of the San Diego and Otay Formations. The 
Lindavista F;ormation i;s comprised of sofi rock comprised of sandstones, siltstones, and 
shales derived from erosion of local bedrock and tertiary deposits. Gravcl, cobble, and 
boulder rich (estimated 40% gravel cobble) horizonsistringers are common. The 
Lindavista is thought to vary from that of a gradational contact to a disconformable 
erosional contact with the underlying San Diego Formation. The Linda Vista was 
observed to stand at slope ratios from 1:1.25 to near vertical. It appears that erosion of 
the underlying formation exerts significant control on the slope ratios seen in the 
Lindavista Formation. The Lindzvista Formation appears to pinch out just east of Station 
178+00. 

SAN DIEGO FORMATION (TSD) 

The Tertiary (Pliocene) San Diego Formation was mostly observed alon,g the flanks of 
arroyos and cut slope:; of the project alignment. The San Diego Formation consists of 
inter-fingered reddish-brown ferruginous cemented cobble-boulder conglomerate and 
yellowish lbrown, calcite cemented fine to coarse grained sandstone and a cobble 
conglomerate within i~ sandstone matrix. Bedding within the San Diego Formation is 
believed to dip gently to the northeast and southwest. Gravel and cobble:: form as much 
as 60% oF the cong;lomeratic beds of the formation. Cobbles are comprised of 
subangular to well rounded intensely to moderately weathered, hard clasts of volcanic 
and granitic rock. Slopes comprised of the San Diego Formation arc: steep and are 
straight to concave upward. Where the sandstone component s f  the unit is exposed in 
slope, or b:y cut, it is highly susceptible to erosion and it forms bad land (barranca) type 
erosional surfaces. The fermginous cemented conglomerate is more resi;itant and forms 
steeper. cap rock. Natlural slope ratios in the San Diego formation are at 1:l or steeper. 
Colluvial tieposits developed on slopes of the San Diego Formation are typically and 



distinctly annored by well rounded pebbles and cobbles. The San Diego Formation thins 
eastward and appears to pinch out in the vicinity of La Media Road at approximately 
station 158+00. Locally the formation disconformably contacts the Otay Formation. 

OTAY FOIWATION (TO) 

The Tertiary (Oligocene) Otay Formation (Walsh and Demere, 1991) is depicted by the 
map symbol (TO) on tlie project geologic map. Otay formation has been mapped along 
the top of the mesa near the eastern portion of the freeway alignment east of station 
186+00 and in arroyos along the (central and western portion of the alignment. Demere 
and Walsh (1991) are developing a model that depicts the the Otay fclrmation is an 
alluvial fanifluvial deposit comprised of a basal conglomerate membcr, a gritstone 
member, a fine to medium grained sandstone member with interbedded siltstones and 
mudstones. The formation as suggested by Walsh and Demerc is more extensive and 
thicker than that proposed by other investigators. 

The unit is very weak to weak rock and varies from calcite cemented beds to poorly 
indurated very dense beds where coherence is imparted by a clay matnx binder. The 
formation contains abundant beds, lenses, and laminae of pure and impure bentonite. 
The bentonite and ben~tonitic mudstones are highly expansive. Locally, bentonite was 
economically mined from this formation. Coloration of the formation is highly variable - 
but related to the depositional member. It varies from greenish gray (cor~glomerate), to 
reddish (sa~ndstone and mudstones), to yellowish brown and very pale gray and gray 
white (sandstones), and to a pale reddish brown and greenish yellow (mudstones). The 
bentonitic seams and beds are pink to bluish gray when pure. The bentonites are of very 
high plasticity and are highly expansive in nature. 

The Otay formation disconfommably overlies the Eocene (Walsh and Demere) 
Sweetwater Formation, and further to the east, unconformably over!,ies crystalline 
basement rock. Natural slopes exposed in arroyos are typically convex upward and are 
at slope raf.ios of 1: 1 or flatter. Many of the outcrops exhibit a hummock appearance 
which is th~e result of slumps, shallow and deep-seated slope failures. Yo failures are 
recognized within the project corridor; however shallow slope failures have been 
mapped in arroyos adjacent to the project right-of-way lines. Locally, colluvial deposits 
developed on slopes of the Otay Formation are typically fine-grained, greenish gray, fine 
sands and silts. These colluvial soils have a spongy texture. It was noted that evergreen 
woody shrubs of the rhus family seem to prefer the Otay Formation while Jojoba, 
chamise, and various cacti seem. to prefer soils developed on the San DiegoILindavista 
Formations. It is not ~slear at this time if these are true associations or t'he result of the 
historical use of the area. 



7.2 Subsurface Soil Conditions 

Based on the results of the subsulrface exploration program, in general, tine subsurface 
materials encountered in the borings to the maximum depth explored of 9.2 m appear to 
be comprised predominantly of granular soils. These soils were identified in the field as 
medium dense to dense, light to dark brown and light to dark gray, silty to well saded  
sand and clayey sand with abundant gravel and scattered cobbles and possibly some 
boulders. Random layers of stiff to hard, medium to high plasticity, clayey silt and silty 
clay were als,o encountered at depth within the borings. However., these clayey materials 
were present to a lesser degree than the granular materials. These materials are mostly 
part of the Lindavista Formation. .4 mantle of topsoil/colluvium appears to overlie these 
granular materials. The thickness {of the topsoil/colluvium is generally less than about 2 
m. The ~topsoil/colluvinm increasles in thickness to about 4 m west of approximately 
Station 150+-00. The to-psoillcolluvium is generally comprised of light brown to brown, 
loose to medium dense :silty sand, ;md firm to stiff silty and sandy clay of m.ediurn to high 
plasticity. These larger thicknesses of topsoils are probably associated with the farming 
operations that have existed in these areas over the years. The niore clayey topsoils are 
believed to be highly to critically expansive. Experience has shown that these materials 
may have a m  E.l.(Expansion Index) greater that 150. Existing fill soils were also 
encountered at some of the boring locations. In Borings CB-14,CB-lS,CB-.16,CB-17 and 
CB-18, fills comprised of loose to medium dense silty and gravelly sand with some 
cobbles and stiff sandy and silty clay were encountered to a depth of about 2 m. These 
fills appear to be undocumented and of poor quality with respect to material selection and 
degree of compaction. 

Between Station 156+40 and Station 156+80 (approximately) at about the Cactus Road 
intersection, existing undocumented fills are known to be present. These fills are 
associated with the Barnhart property which was a dump site for bum-ash originating 
from the City of Coronado Municipal Landfill facility. As stated previorlsly in Section 
7.1, the geotechnical investigation for this site was performed by our office. 
Recommendations for adequate support of the freeway section traversing this property 
was presented in the previously referenced report. The environmental aspects of the 
dump site .was outside the scope of our investigations and was addressed by Caltrans' 
environmental group. 

Conditnons observed dluring geotlechnical investigation that may or may not be 
represented on the project geologic map and might influence design, cons~:mctability 
andlor project costs are provided in Table 2: 

Table 2 : Locations and Approximate Volumes of Unsuitable Materials 
STATION CON1)ITION AREAIVOLUME 
13m left 137+20 Rubbish Piles -- Estimated 150 m3 
70ti- m Rt. 140+70 

t 0 to 60m Lt. 146+30 to 
with rubbish and rubble. 
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i""""ON 
1 AREAIVOLUME 

Rt. Station Scattered rubbish and lubble. 1 Guess average pile npt compacted -2.5 
146+90 to 149+60 ( piles (?) 500m' 
40 to 120m Lt. Station k standing water and I - 
148+60 to 149+50 
80 to l00m Rt. 144+80 t 

1 I along canyon rim and natural I Estimated 1000 m3 1 
slo e down into arroyo invert. I 

k 5 r n  R t  149+40 +- Sewer Manhole Cover ~- 1 
1 1 Probable sewer line not 1 1 

5,mto 50m Lt. 149+20 to 

- 
Rt. And Lt. Of 150+00 to 15 

- -- 
L.t Station I55+40 

- - 
185m 15 1+80 to 152+05 
Sliver fill along arroyo  all 
with open tension cracks 
behind slope edge. Shallow 

Rubbish and rubble 
Pre-existing 
unknown engineering 
comprise'd of cobbles and 
boulders in dense sand 
matrix place on sedimentary 
terrace deposits of similar 
constituents. 
Concrete rubble pile; clean- Estimated 35,000 m3 of waste concrete 
out for concrete plant. Pile as large as 7m3 
estimated cone 8 m high. We estimated the volume by treating the stock pile 
Individual blocks!slat~s of as a right circular cone with diameter ranging from 
concrete 1.4mx2.5mx2m m? 65 to 75m and height rangi~lg from 10 ro 12m .and 

using half the calculated volume. 

surface exposure. 
Estimated 1 50m3 

Well or riser to pipeline. 
Well or riser to pipeline. 

Estimated 600 m3 

Small surficial failure in 

t 171+30 terrace. 
70m Lt. To 390m Rt. 
(suspected unlined) 
ditchtcanal feeding small 
flood planet shallow basin 
located along NW corner of 
intersection of Alrway Road 
and La Media Road. 

Rubbish is manufactured and/or organic waste products derived from the activities of 
man which include tree trimmings, furniture appliances or components, electronic and 
mechanical components, plastics, household garbage and organic soils. 



Rubble is cornpnsed of rough, irregular pieces of broken stone and building debris 
consisting of brick, masonry, stone and lumber. Individual clasts may be greater than one 
cubic meter i n  sizelvolu~ne. 

7.3 WATER 

7.3.1 Surface Water 

The majority of the project alrea is composed of a series of smooth terraces known 
as mesas. These mesas are relatively flat; however, their general slope along the 
project comdor is from north to south. Drainage generated from area basins and 
sub-basins therefore flow predominantly from north to south, crossing Otay Mesa 
Road i n  numerous existing culverts. Runoff is conveyed in natural swales and 
channels with some overland flow, street flow and storm drain flow. A major factor 
affecting runoff is the potential for soil infiltration. The soils in the project area 
have a high clay content with low infiltration, which is conducive 1.0 high runoff 
potent~al. Drainage south of Otay Mesa Road is carried mostly within steep 
canyons and gullies, particularly west of Britannia Road. This area drains toward 
the west. 

Standing surface water was observed at two locations along the project corridor. 
The fiirst location is a series of man-made ponds located immediately west of 
Heritage Road, left of centexline station 149. The second is location is within a 
manmade, unlined channel located along the west side of La Media Road. The 
channel continue:; southward toward Airway road and connects to a man-made 
depreslsion supporting phrealtophytes. 

Six detention basins and three reinforced box culverts will be constructed to 
accommodate storm runoff. These proposed facilities are discussed i r ~  other sections 
of this report. 

7.3.2 Scour 

Runoff from precipitation will be contained by the drainage improv~aments for this 
project. Accordingly, it is anticipated that the potential for scour will be minimal. 

7.3.3 Erosion 

The existing formational materials are deemed to be erodible. Recommendations for 
erosion control measures are presented later in this report. 

7.3.4 Grouindwater 

Perch~sd groundwater was encountered in some of the borings during this 
investigation. The region,al groundwater table is located at a significant depth 
relative to the prloposed construction and consequently, will not impact thc project. 



The contractor may, however, encounter some perched water seepage in cuts as a 
result of regular and relatively heavy landscape irrigation within the project limits. 

7.4 Project Site Seismicity 

7.4.1 Ground Motion 

The project comdor is contained within the seismically active continental margin. 
The area containing the project has been affected by historic and Holocene and 
older seismic activity. For ithe interval between the period of 1800 to 2004, there 
have bjeen at least 167 seismic events greater than or equal to a magrdtude 4 within 
lO0km of the project site. The nearest event was a magnitude 4.1 located 15km 
west olf the project site; the largest known event was a 6.7 earthquake which 
occurred in 1892 within 67k.m of the project; and the highest site se~smic intensity 
was a Modified hlercalli (MM) VIII from an 1862, estimated, 4.0 magnitude event 
that occurred 24km northwest of the project site. 

The 1990 and the: 1906 revision of the California Seismic Hazard Map developed 
by Lalliana Mualchin was used to determine the peak ground acceleration at the 
project. site for a maximum credible earthquake event. Figure 6 in the California 
Seismic Hazard Map- 1996 plublication shows the relationships between the regio~zal 
faults and their acceleration isopacs with the project site. Acceleration isopachs on 
Mauldhin's 1996 map indicates that the site's peak bedrock acceleration ranges 
from 0.45g at the western project limit to 0.32g at the eastern project limit. An 
average acceleration value of 0.38g has been selected for analysis; however, for 
critical structures., the specijhc acceleration for the specific site can be interpolated 
from Maulchin's map. A better way to handle the variation in horizontal 
acce1e:ration is to envelop the analysis with the two extreme acceleration values; the 
resultant will be indicative of the sensitivity to a change in acceleration. 
Engineering discretion can then be used to settle upon an accc:leration value 
appropriate to the site and the specific improvement being analyzed. 

The dominant f a ~ ~ l t s  affecting the site are the Rose Canyon Fault and the Coronado 
Banks Fault. A h4aximum Credible Event (MCE) magnitude of 7.0 is assigned to 
the Rose Canyon Fault. Studies on the Rose Canyon segment of the Rose Canyon 
Fault indicate a minimum slip rate of l.lmrn/year. The Coronado Banks Fault is 
located 23krn west of the project site. An MCE of 7.4 is assigned to the Coronado 
Banks Fault and it is believed to have a minimum slip rate of 2.0 mmlyear. Based 
upon the Bozorgnia, Campbell, Niazi attenuation relation, an MCE of 7.4 on the 
Coronado Bank:; Fault would generate a site intensity of MM 1X with a 
corresponding site acceleration (horizontal) of 0.328g. 

Based upon the UBC-97: the site is in seismic zone 4; is classified as a Very Dense 
Soil and Soft Rock (S,) and Rock (Sn); and is Seismic Source Type B. Probabilistic 
grounld motion values are provided in Table 3. These values are derived from the 
U;SGSI latitude-l'ongitude ground1 motion calculation page, a product of their 



Earthquake Hazard Program. Ground motion values are calculated for firm rock; 
therefore the user should keep in mind that soil sites may amplify or dse-amplify the 
values. 

Table 3: From the USGS latitude-longitode ground ruotion calculation page, a product of their Earthquake 
Hazard Program 

Due to the absence of known active faults, it is felt that ground rupture is unlikely; 
however it is probable that the site will be subjected to multiple events of strong 
seismogennc shaking during the facility's life. 

7.3.2 Ground Rupture 

2% ~ x c e d e n c e ~  
in 50 years 

0.4438 g 
1.064 g 

0.3992 g 

PGA' 
0.2, 
Second 
s A' 
1.0 
Second 
SA' 

There are no known active faults that cross the project site and thus there 1s no 
potential for ground rupture based on current fault information. Mapped fault traces 
exhibiting ruptured early Quaternary deposits are within, parallel to and truncated 
by the project con-idor. Holocene deposits cover these features and arc: not known to 
be faullted. Current geotechnlcal practice does not typically consider faults that do 
not exhibit rupturle within the last 11,000 years; however, these faults can adversely 
affect slope stability. At this time, there are no known fault planes or shears that 
cross ~ntervals o l  planned excavation; however, if they are enco~lntered during 
construction, then the excavation and the faultlshear should be evaluated by a 
gea1op;ist prior to the completion of the excavation. 

Peak Ground Acceleration 
' Spectral Acceleration 

i 
Based upon coordinate: N 32.5681 Latitude 117.0317 Longitude (West end ofproject). 

10% ~ x c c d e n c e ~  
in 50 years 

0.2294 g -- 

0.5372 g 

0.2005 g 

8.0 GEOTECHNNCAL ANALYSIS AND DESIGN 

8.1 Dynamic Analysis 

The design ground niotion parameters recommended for the project are summarized 
below: 

Controlling Faults: Rose Canyon and Coronado 
Banks 
Maximum Credible Event Magnitude: 7.5 



Maximum Probable Event Magnitude: 
Peak Horizor~tal Ground Acceleration: 
Peak Horizontal Ground Acceleration: 

6.25 
0.328g (EQFAULT) 
0.38g (Mualchin) 

8.1.1 Liquefaction Analysis 

Liquefaction is 21 phenomeinon that occurs in loose, saturated sandy soils that are 
subjected to seismic shaking. During an earthquake these soils tends to lose 
strength and become flu~d. The consequent soil movement can result in 
significant settlement of the roadway and related structures. The liquefaction 
potential of the soils is directly related to the size and duration of the seismic 
event, the depth of groundwater, the soil type, and the in-place density of the 
soils. 

The maximum cyclic stress ratios produced at the project site by a seismic event 
are relatively low (around 0.2). The exploratory borings revc:aled that the 
occurrence of loose clean sand and sand with silt below the groundwater table is 
rare along the route alignment. These sand layers are typically thin and confined 
by bedrock below and stiffer soils above. In addition, these sand layers will 
densify in response to the increased overburden of the embankment fill. 
Accordingly, the potential for damage to the freeway facilities due to liquefaction 
is considered to be very low and no remedial measures are deemed to be required. 

8.1.2 Earthquake Indluced Settlement 

In view of the very low liquefaction potential of the soils underlying the route 
alignment, it is concluded that the subsurface materials are not likely to 
experience any significant earthquake induced settlement. 

Cuts and Excavations 

8.2.1 Stability 

The freeway construction will involve cuts between Station:; 123+50 and 
1424-85(approximately). The maximum depth of cut will be about 8.5 m and will 
occu,r at Station 129+00. The inclination of the cut will be at 1:2(vertical to 
hori:tontal). Based on our geologic mapping we anticipate that the San Diego 
Forrnation will be exposed between Station 123+50 to Station 127+00 and the 
Linclavista Fonnation will be exposed between Station 127+00 to Station 142+85. 
.A surficial layer of top s'oil and/or existing fill soil will overlie 1;he formational 
materials. Slope stability analyses were performed for the proposed cut slope 
based on the geologic conditions expected to be encountered. Shear strength 
parameters used in the analyses were based on our previous experience with these 
materials and our profe~s~ional judgment. The shear strength parameters used in 
our analysis are indicated in the computer output presented in the appendix. 



Slope stability analyses were performed utilizing the GSTABL7 computer 
program developed by G. Gregory (2003). Critical failure surfaces were generated 
using the "CIRCLE" search option included in the program. Nunierous failure 
surfaces were searched until the most critical surface and its corresponding factor 
of safety was identified. The analysis was based on both static ar~d earthquake 
loading conditions. In case of earthquake loading a pseudo-static coefficient of 
0.12 was input illto the cornputer program. The results of our analysis show that 
the cut slope will be grose,ly stable against deep seated failures for both of the 
loading conditions considered in the analysis. Safety factors of 3.3 and 2.2 were 
obtained for static and earthquake loading conditions, respectively. 'The minimum 
acceptable safety factor for static and earthquake loading conditiorls are 1.5 and 
1. I ,  respectively 

Materials expos~:d on the cut slope face are deemed to be highly erodible. Cut 
slopes should therefore be protected from erosion by planting as soon as practical 
after the completion of grading. Erosion control and planting should be in 
accordance with Section 20 of the Caltrans Standard Specifications. 

Clayey expansive materials should not be left exposed on the slope face. These 
mate~ials if encountered slhould be removed horizontally to a distance of 2.4 m 
and replaced with low expansion potential material with an Expa~lsion Index of 
50 or less. 

The preliminary project plans Indicate that there will be some major cuts in the 
project. These cuts are anticipated to be mainly in the Lindavista Formation. The 
Lindavlsta Formation ma,y be considered to be rippable utilizinj; conventional 
heavy grading equipment. It is anticipated that blasting will nc~t be required. 
However, some cobbles and large boulders will likely be encountered during 
gradmg and may require speclal handling. These oversized matei-ials should be 
buried in the deeper fill areas in accordance with Sections 19-5 and 19-6 of the 
Standard Specifications. No nesting of oversized materials should be permitted. 

8.2.3 Cradling Factor 

Materials for f ~ l l  will be derived mostly from cuts madle in the topsoil and the 
Linclavista fornlation. Based on the results of our field exploration, our experience 
and professional judgment, we recommend a grading factor of approximately 0.95 
for the topsoil present at the site. This corresponds to 5% shrinkage. For the 
Lindavista Formation we recommend a grading factor of 1.03 which corresponds 
to a swell of 3O//0. 



8.3 Embankment 

Based on profile grade sheets prclvided by District Design, the majority of the roadway 
will be constructed on embankment fill. Fill materials for embankment construction will 
be obtained partially from excavation in cut areas and partially importetl from off-site 
borrow sources. The maximum height of fill of approximately 20 m will be at Spring 
Canyon stat~ons 146+010 to 147+00. The placement and compaction of the embankment 
fill should conform to Section 19-6 "Embankment Construction" of the Caltrans Standard 
Specifications. 

8.3.1 Foundation Treatment 

As previously discussed in Section 7.1 sections of the freeway alignment are 
underlain by highly to critically expansive clayey soils. Tlhese materials should be 
removedl and replaced by (Class 5 Aggregate Sub base (Class 5 AS) comprised of 
non to low expansive fill materials. The minimum depth of cxpansive soil 
removal will vary but will not exceed 1.4m below the bottom of'the pavement 
structural section.. The actual estimated depths of removal at st,~tion locations 
where highly expansive soils are anticipated are presented in Table 3. 

Table 3: Dlepth of Expansive Soil Removal 

Stations -1 Depth of Expansive Soils 
Replacement Belsw + Pavement Structural Section (Meters) 

160+00 to 1680+85 E4 0 



97+8O to 100+00 BRNl 
92-1-00 to 99+70 DETl 
104-00 to 11 +00 LMDl 
11+00 to 13+80 LMDl 
13+80 to 14+40 LMDl 
14t40 to 17+00 LMDl 0.5 

Stations; 
-- 

1661-00 to 169+80 BRI --- 

1664-00 to 168+-00 BR2 
11 681-00 to 1691-40 BR2 
1694-40 to 170+-10 BR2 -- 
161 4-20 to 162+20 BR3 
162--20 to 1664-10 BPI3 
160+50 to 1611-00 BR4 
161tOO to 1614-60 BR4 
16 I t60  to 164-1-20 BR4 
1 64-t20 to 166-1-00 BR4 
91+90 to 93+610 BRNl 
93+60 to 94+00 BRNl 
94t00 to 97+8O BRNl 

17+00 .to 17+96 LMDl t - - 
l o t  00 to 14+60 LMD2 
141-60 to 15+00 LMD2 

Depth of Expansive Soils 
Replacement Below 

Pavement Structural Section (Meters) - 
0 -- 
0 

0.16 
0 

0.5 

01 - 

0 
0.8 
1.2 
0 

1.4 
0.5 
0 

10-t60 to 13+;!0 LMDS 
13-t20 to 14+00 LMDS 
14-t00 to 14+95 LMDS 
93+70 to 94+85 LMD k-- ! 

1 94.+85 to 96+30 LMD 1 0.9 1 
96+30 to 991-00 LMD 
199+80 to 202+80 E2 

Class 5 AS replacement materials may be obtained from exc;ivation cuts or 
imported frorn off-site sources. Class 5 materials should possess an 
R(Resistance)-value greater than 10 and a Plasticity Index (PI) of less than 12. 
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Alternatively, a Sland Equivalent (SE) of 15 or greater may be used 1.0 qualify the 
material in lieu o F the R-value and PI. 

In all other pavement areas where compressible loose/soft top soils may be 
present, the foundation treatment should consist of the following: 

1) Remove the upper 0.6 meters of the existing soils within the rozdbed prism 

2) Iieplace with excavated material and recompact to 90 percent relative 
comp,action in accordance with Section 19-5 of the Standard Specifications. 

8.3.2 Removal of Undocumented Fill Materials and Rubbish 

Areas of the pro-ject that are underlain by undocumented fills, rubble and rubbish 
are depicted on the site gecllogy map( Figure 3 ). Locations where these materials 
are expected to he encountered are also indicated in Table 2. These materials are 
deemed to be ur~suitable for support of the pavement sections and other freeway 
improvements and should be removed prior to placement of embankment fill. A11 
of the rubble and rubbish materials should be hauled away and di:;posed of off- 
site. Estimated quantities of rubble and rubbish removal are indicated in Table 2. 

8.3.3 Ernba~nkment Fiill in Tripp Landfill Area 

Between Stations 156+40 to 156+80 where existing fills associated with the Tripp 
landfill are knovvn to be present the following recommendations are applicable: 

After removal of the existing Asphalt Concrete cap over the landfill along the 
freeway alignment, a 300mm layer of compacted clay barrier should be placed 
over the ground surface. The materials utilized to construct the clay cap should be 
obtained from on-site sources and compacted to 90 percent relative compaction. 

After placement of the clay layer, a 3.3 meter height of surcharge should be 
placed over the entire width and length of the proposed roadway traversing the 
landfill. The surcharge materials may be obtained from on-site sources and 
comprised of either sandy or clayey materials and need not be compacted. A 
waiting period will be required to permit 90 percent of the anticipated 
consolidation settlements of the in-situ compressible clayey soils in the landfill to 
be completed. A settlement monitoring program will be required to verify that 
settlements have stabilized with time. 

After settlements have fully occurred, the surcharge fill should bc fully removed 
to tlie depth of the previously placed clay layer. A visual inspect~on should then 
be nnade of the clay layer to determine if it has maintained its integrity as a result 
of the compres:~ion of the underlying in-situ clays that are present in the landfill. 



If the: clay cap has cracked and been damaged then it should either be repaired Or 
replaced in order to maintain its essentially impermeable characteri~stics. The next 
step would be tcs place embankment fill below the proposed structural section.in 
accordance with the requirements of the Caltrans Standard Specifications. 

In a previous report ( Section 3, Reference 6 ) it was recommended that the upper 
1.75m of the existing landfill materials be removed and recompacted. In view of 
environmental lsonstraints this recommendation is being rescinded. Thus the 
existing landfill materials will not be handled during the gradnng operations. 
However as a result of this change we recommend the use of flexible pavement in 
this area since some settlement of the landfill above the level of perched water 
and the in-situ clayey soils, may still occur with time. A geotechnical fabric need 
not be incorporated into the design of the roadway over the landfill. 

8.3.4 Emblankment Fill Slope Stability 

The proposed embankment fi l l  slopes will about 20m in maxim~lm height and 
inclined at no steeper than l(vertica1) to 2(horizontal). Stability analysis was 
performed to evaluate the long term stability of the embankment jill slopes. Our 
analysis indicated a safety factor in excess of the minimum acceptable value of 
1.5. Under pseudo-static conditions our analysis yielded a safety factor in excess 
of the minimum acceptable value of 1.1. 

Materials exposed on the fill slope face may be highly erodible. Fill slopes should 
therefore be protected from erosion by planting as soon as practical after the 
completion of grading. Erosion control and planting should be in a1:cordance with 
SectLon 20 of the Calkrans Standard Specifications. 

Matr:rials for fill may be obtained from on-site sources. The highly expansive 
clayey materials may be used as embankment fill. These material:; can be buried 
in the deeper sections of the embankment provided they are adequately 
compacted. The highly expansive clayey materials should not be placed closer - . 
than a horizontag distance of 2.41~1 fro the slope face. 5ce 6: fi1.1 I L 2-14 

L i  R L, , .p ~5, //-/q{c5 ,kc- 0) 

8.3.5 Embankment Settlemenlt 

The height of the freeway embankment fill will vary but will not ez ceed to exceed 
about IOm in height. The embankment fill will be supported mostly on clayey 
topsoil overlyir~g the Lindavista Quaternary terrace deposits. The clayey top soils 
will undergo compression whereas the terrace deposits will be relatively 
~ncompressible Settlement calculations were performed at two boring locations 
where the clayey topsoil encountered was at its maximum height of about 3m. Fill 
heights at these two boring locations namely EB-9 and CB-19 were estimated to 
be about 8.5 and 3m, respectively. The calculations show estimated settlements of 
60 rnm and 100 mm at boring locations CB-19 and EB-9, resp~sctively. These 
settlements are deemed to be nominal and are expected to occur rapidly upon 



application of the embankment fill loads Accordingly, embankment settlement 
should not impact the integrity of the roadway. 

9.0 EARTH RETAINING SYSTEMS 

Several retaining walls are planned for the project alignment. Most of these walls have been 
investigated as of the writing of this report. These walls are designated as Wall Nos.123, 125, 
1126, 157, 158, 177, 183, RUT-2 (Airway) and RW-H17 (Harvest). Walls 146 155, 158A, 171, 
1182, 173, and 175, have not yet been investigated due to either environmentall constraints or 
lack of permits to1 enter. The field investigations for these walls will be completed at a later 
time and the resull~s off the investigation:; will be submitted at that time. With regard to walls for 
which the field investigation!; have been completed a description of subsurface (conditions and 
foundation recommendations for each wall are presented in the following sub-sections. 

9.1 Retaining Wall 123 

This wall1 w ~ ~ l l  be a verlical reinforced concrete crib wall. The length of this wall will be 
136m. It will extend fr~om Station 122+88 to 124+44. The maximum height of this wall 
will be 12m. 

A total of four borings namely RWI-1, RWI-2, RWI-3, and RW1-4 were drilled to 
investigate subsurface soil conditions along the wall alignment. The borings indicated the 
presence of existing fill soils over fonnational sandstone, siltstone and claystone. Fill 
depths varied from 9.1 to 20.4m at boring locations RW 1-1, RWll-2 and R.W 1-4 to top of 
formational soil. At boring location RW1-3 fill was encountered to the maximum 
explored depth of 20.4.m. In general, the fill was comprised of gray anti light to dark 
brown, medium dense to dense silty and clayey sand, stiff to very stiff clayey silt, sandy 
clay and silty clay. Scattered gravel and cobbles are also present in the filll. No ground 
water was encountered in any of the borings. 

From a geotechnical engineering standpoint, the subsurface conditions along the 
alignment of Wall 12:3 are suitable for the design and construction of the 12m high 
vertical crib wall. Based on the results of the subsurface investigation it is recommended 
that the Startdard Plan vertical crib wall Type E or F be used for this wall. 

9.2 Retaining Wall 125 

This wall will be a vertical reinforced concrete crib wall. The length of this wall will be 
154m. It will extend fiom Station 125+80 to 127+34. The maximum height of this wall 
will be 15m. 

A total of four borings namely RW3-1, RW3-2, RW3-3 and RW3-4 were drilled to 
investigate subsurface soil conditi~ons along the wall alignment. The borings indicated the 
presence of existing fill materials over weakly to moderately cemented formational 
sandstone and siltstone. Thc fill materials extended to depths varying between 6.1 to 
16.8m below existing :ground surface. At one boring location; RW3-2, the fill materials 
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extended to ithe maximum explored depth of 20.3 meters. In general, the fills were 
comprised of a mixture of sandy and clayey materials with a medium dense and stiff to 
very stiff consistency .Gravels and cobbles were found to be scattered in the fill 
materials. No ground water was encountered in any of the borings. 

From a geotechnical engineering standpoint, the subsurface conditioris along the 
alignment of wall 125 are suitable for the design and construction of the proposed 15 
meter high vertical concrete crrb wall. Based on the results of our subsurface 
investigation it is recomimended that the Standard Plan vertical concrete crih wall Type F 
be used for this wall. 

9.3 Retaining Wall 126 

This wall will be about '73 meters in length. It will extend from Station 125-t89 to Station 
126+62. The maximum height of the wall will be 3.5 meters. The wall will support a 
Type 736A(nnodified) concrete barrier. 

A total of three borings namely RW2-1, RW2-2 and RW2-3 were drilled to investigate 
subsurface sail conditions along the alignment of the wall. The borings indicated the 
presence of existing fill materials over weakly to moderately cemented formational 
sandstone, srltstone and claystone. The depth of the fill vaned between 5.2 and 13.7 
meters below existing ground surface elevation. The fill was comprised of grayish brown 
to reddish brown and taln, medium dense to dense silty sand and gravelly sand and stiff to 
very stiff clayey silt with occasional cobbles. No ground water was encounl ered in any of 
the borings. 

From a geotechnical engineering standpoint, the subsurface conditions along the 
alignment oiF wall 126 are suitable for the design and constructron of the proposed 3.5 
meter high vvall. The wall may be supported on a spread footing. Based on the results of 
the subsurface investigation, it is recommended that the Standard Plan Retaining Wall 
Type 1 or Type 5 design be used for Wall 126. 

9.4 Retaining Wall -157 

The length of this wall will be about 182 meters. It will extend from Stal.ion 157+00 to 
Station 158t82. The maximum height of this wall will be 4.2 meters. The wall will 
support a 736A (modified) concrete barrier and a sound wall. 

A total of four borings namely RW157-1, RW157-2, RW157-3 and lFLW157-4 were 
drilled and sampled to investigate subsurface soil conditions along the wall alignment. 
The boring:; indicated the presence of existing fill soils over formational claystone and 
sandstone. The depth of fill varied from 5.3 to 7.6 meters. In general the fill was 
comprised of tan, gravelly silty sand and tan to gray, firm to very stiff, silty clay with 
scattered cobbles. No pround water was encountered in any of the borings. 



From a geotechnical engineering standpoint, the subsurface conditions along the 
alignment of wall 157 are suitable for the design and construction of tlhe proposed 
maximum 4.2m high wall. The wall may be supported on a spread footing. Based on 
layouts and cross sections of the proposed wall, and the results of o l ~  subsurface 
investigation, it is recornmended that the Standard Structures Plan Sheet 7CS 3-51 titled 
"Sound Wall on Retaining Wall" be used for Wall 157. 

9.5 Retaining Wall 158 

The length of thns wall .will be about 65m. It will extend from Station 157-t33 to Station 
157+98 The lneight of this wall will be a maximum of 4.8m. The wall will support a 736A 
(modified) concrete barrier and a sound wall. 

One bonng namely RW-158 was drilled and sampled to investigate s~ibsurface soil 
conditions along the wall alignment. The boring indicated the presence of about 5m of fill 
over formational claystone and saindstone. The fill was comprised of light brown to tan, 
dense to very dense silty sand and gravelly sand with some cobbles. Groclnd water was 
encountered at a depth of about 9.70m. 

From a geotechnical engineering standpoint, the subsurface conditions along the 
alignment of wall RW-158 are suitable for the design and construction of the proposed 
maximum 4.8m high Type 1 wall. The wall may be supported on a spread footing. Based 
on layou~ts and cross sections of the proposed wall and the results of cur subsurface 
investigation, it is recommended that the Standard Structures Plan Sheet XS3-51 titled 
"Sound Wall on Retaining Wall be used for Wall-1 58. 

9.6 Retaining Piall RW-1'77 

The length of this wall will be ablout 45m. It will extend from Station 170122 to170+67 
The maximum height of this wall is 5m. This wall will support a Type '736A concrete 
barrier. 

One boring namely F.W-2 was drilled and sampled to investigate sulbsurface soil 
conditions along the wall1 alignmemt. The boring indicated the presence of about 3m of fill 
over terrace deposits. The fill was comprised of light brown, medium dense silty sand and 
very stiff sandy silt and silty clay. The terrace deposits consist of light brown, clayey fine 
to medium sand. Ground water was encountered at a depth of about 4m. 

From a geotechnical engineering standpoint, the subsurface conditions along the 
alignmeint of wall RW.-177 are suitable for the design and construction of the proposed 
maximum 5m high Type 1 wall. The wall may be supported on a spread footing. Based 
on layouts ;and cross sections of the proposed wall and the results of (slur subsurface 
investigation, it is recoimmended !.hat the Standard Plan Retaining Wall Type 1 design be 
used for Wall RW- 177 
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9.7 Retaining Wall 183 

The length of this wall will be about 30 meters. It will extend from Station 14+50 to 
14+80 The rnaximum height of this wall is 3 meters This wall will support a Type 736A 
concrete 'barrier. 

One boring namely RW-1 LMD was drilled and sampled to investigate subsurface soil 
conditions allong the wall alignment. The boring indicated the presence of about 3 meters 
of clayey topsoil over terrace deposits. The topsoil comprises of brown, soft to stiff, silty 
clay with high plasticity. The terrace deposit consists of reddish brown, medium dense, 
fine sand with gravel arid possibly some boulders. No gro~md water was encountered in 
the boring. From a geotechnical engineering standpoint, the subsurface conditions along 
the alignment of wall RW LMD are suitable for the design and construction of the 
proposed 3 rneter high wall. The wall may be supported on a spread footing. Based on 
layouts and cross sections of th~e proposed wall and the results of the subsurface 
investigation, it is recommended that the Standard Plan Retaining Wall Type 1 design be 
used for wall RW LMD. 

9.8 Retaining Wall RW-2 Airway 

The length of this wall will be about 83 meters. It will extend from Stat~.on 108+96 to 
109t79.The maximum 'height of this wall will be 3 meters. 

Three borings namely RW-1 Airway, KW-2 Airway and RW-1 Airway were drilled and 
sampled to investigate subsurface soil conditions along the wall alignment. The borings 
indicated the presence of about 1.5meters of existing fill over weakly to moderately 
cemented fonnational sandstone. The fills were comprised of gray, medium1 dense, poorly 
graded sand and silly sand with scattered gravel In one of the borings (EtW-1 Airway) 
perched ground water was encountered at a depth of about 6.7 meters. 

From a geotechnical engineering standpoint, the subsurface conditions along the 
alignment of wall RW-1 Airway are suitable for the design and construction of the 
proposed maximum 3 meter high wall. The wall may be supported on a spread footing. 
Based on layouts and cross sections of the proposed wall and the results of the subsurface 
investigation, it is recommended that the Standard Plan Type1 Retaining 'Wall design be 
used for Wall KW-1 Airway. 

9.9 Retaining Wall RW-FI17 Harvest 

The length of this wall will be about 45 meters in length. It will extend from Station 
17+35 to Station 17+810 on the Harvest 1 line. The maximum height of tli- is wall will be 
2.4 meters. 
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Two borings namely RVV-H17-1 and RW-H17-2 were drilled along the alignment o f  this 
wall. The borings indicated the presence o f  1.6 meters o f  fill materials over formational 
siltstone. The fill was comprised o f  soft, dark brown sandy clay with medium dense fine 
sand. Formational siltstone was encountered to the maximum depth explored o f  6.5 
meters at both boring locations. The siltstone was found to be moderately to highly 
cemented. No ground water was encountered in the borings. 

From a geotechnical engineering standpoint, the subsurface conditions at this wall 
location are suitable for the design and construction o f  the proposed 2.4 meter high wall. 
The wall ma:y be supported on a spread footing. Based on layouts and cross sections o f  
the proposed and the results o f  the subsurface investigation, it is recommr:nded that the 
Standard Plan Type 1 or Type 5 Retaining Wall design be used for Wall RW- 
H17Harvest. 

10.0 CULVERT FOUNDATIONS 

A total o f  three box culverts axe being pllanned for the project alignment. These cillverts will be 
located in the Britannia, La Media and Airway segments o f  the project alignment. Geotechnical 
recommendations for each o f  these culverts are presented in the following sections. 

10.1 Britannia Segment 

This culvert will be located between Station 170+20 to 175+00 on the E-4 line. It will be 
a double box 3.05 meter b y  2.7415 meter in dimensions and founded about 0.6 meter 
below existiing ground surface elevation. Fill heights above the culvert are expected to 
range from 0.5 to 4 metlers with an average height o f  about 2 meters. 

A total o f  three borings, namely BC-1, BC-2 and BC-3, were drilled along the alignment 
o f  this culvert. In Boring BC-I fill soils comprised o f  dense, silty sand and stiff silty clay 
with occasional cobbles and boulders were encountered to the maximum depth explored 
o f  3 meters. Ground water was encountered at a depth o f  2 meters below existing ground 
surface elevation. In Boring BC-2. fill soils comprised o f  firm sandy and silty clay were 
encountered to a depth o f  about 2.5 meters. Below this depth hard formational claystone 
and siltstone was encountered to the maximum depth explored o f  4 meters. No  ground 
water was encountered in this boring. In Boring BC-3, top soil consisting o f  silty clay 
was encountered to a depth o f  about 1.7 meters. Below this depth tenrace deposits 
comprised o f  medium dense gravelly sand and sandy clay with cobbles were encountered 
to the maximum deptli explored O f  4.5 meters. In this boring ground water was en 
countered at a depth of 3 meters below existing ground surface elevation. 

Based on the results o f  the exploratory borings the culvert box structure may b e  placed on 
existing sulbsurface materials. 'Vo remedial grading is anticipated. 'The estimated 
maximum differential settlement f?om fil l  loads is not expected to exceed 25 mm. During 



excavation for this structure, ground water seepage may be encountered. I f  the bottom o f  
the excavation becomes unstable because o f  ground water conditions it may be necessary 
to stabilize it by  placing a layer o f  clean gravel or Class 3 permeable material. The 
minimum thickness o f  the stabilizing gravel or Class 3 permeable material should be 150 
mm.  Depending on actual field conditions a thicker layer o f  stabilizing material may be 
required. The gravel or Class 3 permeable material should be wrapped in jilter fabric to 
minimize the: potential for piping o f  the native soils into the voids o f  the gravel and 
increase the potential for additional, settlements. 

10.2 La Media Segment 

This culvert will be located between St.ation 95+20 and Station 99+00 on the LMD line. 
It will be a (quadruple ~soncrete box with dimensions o f  2.44m b y  1.221~1 and will be 
founded about 0.6m below existing grade elevation. This culvert will connect to an 
existing triple box culvert under Otay Mesa Road, which in turn is connected to an 
existing trapezoidal concrete open channel. Fill heights above this culvert are not 
expected to exceed 1.5m1. 

A total o f  two borings, r~amely EB-10 and EB-21 were drilled along the alignment o f  this 
culvert. In Boring EB-113, topsoil comprised o f  soft to firm silty clay was encountered to 
a depth o f  about 1.9m. Below the layer o f  topsoil, terrace deposits consist mg o f  gravels 
and cobbles in a clayey matrix were 'encountered to the maximum depth explored o f  
3.7m. No ground water was encountered in this boring. 

Based on the results o f  the exploratory borings the box culvert may be based on existing 
subsurface n~aterials. PJo remedial grading is anticipated. The estimated maximum 
differential settlement from fill loads i s  not expected to exceed 25 mm. lf ground water 
seepage is encountered dunng construction, the recommendations for fillter fabric and 
gravel presented in Sect Lon 10.1 above should be followed. 

10.3 Airway Segment 

This culvert will be located between Station 190+40 and Station 191+70 on the E-6 line. 
It will be a double concrete box culvert with dimensions o f  2.13m b y  1.53m and will be 
founded about 0.6m below existing grade elevation. Fill heights above this culvert are not 
expected to exceed 2m. 

One boring namely EB-20 was drilled to evaluate subsurface soil conditions along the 
alignment o f  this culvert. In this boring fill soils comprised o f  sandy clay were 
encountered to a depth o f  about orie meter. Below the fill layer the Otay ]Formation was 
encountered to the maximum depth explored o f  Xm. The Otay Formation is comprised o f  
dense to very dense well graded sand with scattered gravel. No grouild water was 
encountered in this boring. 

Based on the results o f  our subsurface exploration the culvert box structure may be 
placed on existing subsurface materials. No remedial grading is anticipated. The 



maximum estimated differential settlement from new fill loads is not expected to exceed 
13 mm. If' ground water seepage is encountered during construction, the 
recommendations for filter fabric and gravel presented in Section 10.1 above should be 
followed. 

11.0 MATERIAL SOURCES 

This section will be addressed by the District Materials Engineer in the Mater~als report for 
the project to be ~ssued separately. 

12.0 MATERIAL DISPOSAL 

There are sigmificant amounts of unsuitable materials on-site that will require hauling and 
disposal to off-site locations. These materials consist of previously dumped trash, rubble and 
other deleterious materials that are urisuita~ble for the support of the roadway section. The 
location of these areas containing trash and rubble are shown on the geol~sgy map and 
indicated in Table 2. The highly expansive clayey materials that will be excavated from on- 
site sources need not be hauled away. These materials may be used as emball<ment fill in 
accordance with the recommendations presented earlier in Section 8.3.4 of this I-eport. 

13.0 CORROSION 

The corrosion potential of the on-site materials were evaluated based on corrosivity tests 
performed on selected samples obtained from the soil borings. These tests included pH, 
minimum electrical resistivity, sulfate and chloride determinations. A total of 16 minimum 
resistivity tests, 16 pH tests, 12 chloride content and 12 sulfate content determinations were 
made. The results of these tests are sumn~arized in tabular form and are presented in the 
Appendix to this report. 

Laboratory test results indicate that the pH of the tested samples ranged frc~m 6.5 to 8.8, 
minimum electrical resistivity from 65 to 2600, chloride content from 24 to 9000 ppm and 
sulfate content from 29 to 6300 ppm. 'The results of these tests indicate that in general the on- 
site subsurface materials are potentially corrosive. The concrete mix design and the type of 
cement should be based on the potenti,al for corrosion of the subsurface materials. 

The following concrete design is deemed suitable for providing a 50-year design life for 
reinforced concrete structures in direct contact with soil. 

Cement Type: Type I1 Modified or Type V 
Minimum Cement 3 1 3 5 kgicubic meter 
Mineral Admixture R cplacement 33% 
Minimum cover over reinforcing steel 64 mm 

Conduit and pipe design ~recommentlations are the responsibility of Caltrals District 1 I 
Materials Laboratory, which will provide corrosion analysis and recommenrlations for the 
project based on the results of their study. 



14.0 SOIL PERMEABILITY VALUES 

Soil permeability tests were performed on selected samples of the upper clayey materials in 
order to develop data for the design of the infiltration basins. The results of the soil 
permeability are presented in the Appendix to this report. In sample BB-13-1 the average 
permeability over the range of loads under which the tests were performed was 0.0000445 
feetiday (1.6x10-~ cmslsec~ond). In sample EB-3-1 the average permeability value was 
0.0000618 feetlday (2 .2~10 cmslsecond). In sample EB-3-2 the average permeability value 
was 0.00047 feetlday (1.663.1 0." cms/second). Based on these permeability test data it can be 
concluded that the degree of permeability of the upper clayey soils is very low to practically 
impermeable 

15.0 CONSTRUCTION CCINSIDERATIONS 

15.1 Differing Conditions 

Differing site conditions are conditions that were not encountered during the site 
investigation., or are latent physical conditions that differ materially from those indicated 
within this Gieotechnical Deslgn Report. It is imperative that the designer:;, the resident 
engineer, andlor the contractor not~fy the geotechnical staff of the Office of Geotechnical 
Design Services-South 12 immediately upon recognition of any condition differing from 
that described in this report. The Office of Geotechnical Design Services South-:! can be 
reached through Brian Hrinman at (858) 467-405 1. 

16.0 RECOMMENDATIOIVS AND SPECIFICATIONS 

The following is a summary of the geotechnical recommendations. Also inclucled are design 
and construction recommentdations th,at should be included in the special provisions of the 
project specifications. 

Permanent cut slopes sho~lld be no steeper than l(vertica1) to 2,(horizonltal) along the 
alignment of the project. Cut slopes should be protected from erosion by planting as soon as 
practical after grading. Clayey expansive materials should not be left exposed on the cut 
slope face. Expainsive materials should be removed horizontally a distance of 2.4 meters and 
replaced with materials with an Expansion Index of 50 or less. 

Along sections of the freeway alignment where highly expansive soils are present the 
subgrade should be over-excavated to depths shown in Table 3.The expansive materials 
should be replaced with Class 5 AS materials which may be obtained from on-site excavation 
cuts or imported from off-site sources. Class 5 material is defined as material possessing an 
R-value greater than 10 and a Plasticity Index of less than 12 or alternatively a material with 
a Sand Equivalent of 1 5 or greater. 

In pavement areas where highly expansive soils are not known to be present the upper 0.6m 
of the existing soils should be over-excavated, the next lower 0.3m scarified and 



recompacted to 90 percent relative compaction and the over-excavated material replaced with 
Class 5 material compacted to 90 percent relative compaction. 

All rubbish and rubble identified on the geology map (Figure 3) and in Table 2 should be 
removed and hauled away to off-site sources. All undocumented fills underlying pavement 
areas should also be removed and recompacted. 

In the Tripp landfill area special recornmeridations apply as indicated in Section 8.3.3 of this 
report. These recommendations include a surcharge fill and a settlement monitoring period. 
The existing landfill matenills need not be handled during grading operations. 

Embankment fill slopes should be no steeper than 1:2 in fill areas. Erosion control measures 
should be implemented to protect the slope face. Highly expansive materials niay be used as 
embankment fill provided these materials are buried in the deeper sections of the 
embankment. Tlie highly expansive clayey materials should not be placed closer than a 
horizontal distance of 2.4 m~eters from the slope face. 

Embankment settlements are expecteld to be low and not expected to exceecl an estimated 
value of 100 mm. These settlements will occur rapidly upon application of the fill loads. 

Foundation materials are deemed conlpetent enough to support the retaining walls proposed 
for the project. Standard Plan designs ;are deemed applicable to these walls. 

Wet pumping conditions may be encountered at the bottom of the excavations required for 
installation of culverts .A minimum I50 mm of Class 3 permeable material or gravel 
wrapped in filter fabric may be required to provide a stable platform for cons~.ruction of the 
culverts. 

The site is considered to be corrosive with regard to chloride concentrations. Sulfate 
concentrations are also deemed to be high. Therefore, Type 11 Modified or Type V cement 
should be used for concrete structures in direct contact with soil. 
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LOGS OF TEST BORINGS 
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State of California .. Department of Transportation - Office of Geotec:hnical Services 

;EOLOGICAL EXPLORATION LOG 

12. Fill Material 
6. Partical Size & Shape 

- hil: rock, slow drilling 

for ;75 mm of penetration (Terrace Deposit) 

End of boring at 8.2 meters 

Ground water was not encountered during the drilling 
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10 Cernentatlon 

6 Partlcal Slze & Shape 

Ground water was not encountered during the drill~ng 
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12. Fill Material 
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12 FIII Mater1.31 
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lEOLOGlCAL EXPLORATION LOG 

Wet Core Drllltng 
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6. Partical Size & Shape 

End of boring at 7.9 meters 

Groulnd water was not enco'untered during the drilling 
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Wet Core Drilling 
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;EOLOGICAL EXPLORATION LOG 
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6 Part~cal S~ze & Shape 

!/ellowish gray (Terrace Delposit) 

End of boring at 9.3 meter: 



Department of Transportabon - Office of Geotechn~cal Services 

;EOLOGICAL EXPLORATllON LOG 
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State of California - Department of Transportation - Office of Geotechnical Services 

(Terrace Deposit) 
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12. Fill Material 
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;EOLOGICAL EXPLORATIlON LOG 
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'EOLOGICAL EXPLORATION LOG 
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(Terrace Deposit) 
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- Sampler refusal, 25 blows for 100 mm of penetration 
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12. Fill Material 
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12. Fill Material 
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Top Hole Elev. Location Purpose of work 1 Dist - Co. - Rte. - PM -- 

I 





6. Partical Size & Shape 

- Sampler refusal, on rock 
-r--r1-7-1 .+--., - - -+ -d 

d - . L A J  
I I D I I  

Ground water was not encountered during the drilling 

.-----C---C----- 

- L U  
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6. Partical Size & Shape 

.-A- 

, 1 1 1 1  

---I 

1 1 1 1 1 1  - 

Coarse gravel and cobbles 

~ . . 



10. Cementation 

6. Partical Size & Shape 

Sandy clay with cobbles, glray, high plasticit)/ 

Ground water was not encountered during the drilling 



a .  

Losi circulation 

Well graded sand, fine to coarse with sorrie gravel and fine, 
dense grayish white, moist (Terrace Depclsit) 

Ground water was not encountered durin!~ the drilling 







10 Cementallon 

12 FIII Mater~al 

6 Part~cal S~ze & Shape 

mse, green, mols 
, , I t I I I  

1-1 7 1 - I - - [  -1-21 
+ , 1 - 1 --1- ---I 

Roulders/Cobbles 

Silty Clay, L~ght brown, mo~st, med~um plastlc~ty, (FIII) 

Groclnd water at 2.00 meter 

1 I I I I I I - - \  
I - - , -  I I I I J 8 

I I I I I I  1--1 - - - - - - - 
, , I I I I # I  

I I I ] - - I  

t encountered durlng d~llllng operation. 
- 1 - 1  I -1 I I 1-1 

I + - , - - , - - I  

I I I I 

, , -, -1 -\--I 
, , - I  I - I  

_ i  1 1 _ I  - 1 -  -1 -1 --I 
I I I I I I  

- t-1-1 - I -1- 1 -  -11 --I 

- I I C-4-L -4 4 -t-L--i 
, # , I  



6 .  Partical Size & Shape 

:Sandy Clay fine sand, firm, black-brown, moist, 
nnedium plasticity (Fill) 

I I I 

~ - & . + - \ - - I - - I  
( $ 1  



10 Cernentat~on 

6 Partlcal S~ze  & Shape 

, # , I  

-+ --r -, - , - i-.i -, 
----1--r -+-I- , - +- -, - , 
--1-A-A-C - I  I  1 -  I  

, # , , , , , I  -,-- I-1 - , - I  + -  , 
A 2  1 -  ,---,-L - ->  

Gravell~y Sand f~ne to coarse, medium denst 
r - I  - I  I 1 I - I  , O I  

, I t  I ,  --I 1 - 4  
rno~st, (Terrace Depos~t) 

- - I 1  - 1  - I  - I  I I I  
I I I I I I I I  

- l - - l - - I_ I  I _ I - - l - -  
I I I I I I I I  

- -1 - -1 - 1 -  - 1  I  4 -I--I 

- ,  I , - I  
- , --, - -, - , - , t t I 

I  1 J - I  I 
, , , , , , , I  

- 1 - 1 - 1  I  I  t I -  I  

, ,  - - ,  - , , 
--I - I I I - I  - I 

1 -L - 1  I  I 1 -  -1 I  
1 1 1 1 1 1 I I  

- 1 - 1  - 1 -  1 - 1  3 - 1  - 1  

* - - v -  -- -2: 



10. Cementation 

6. Padical Size & Shape 

I Terrace Deposit) 

-+t~+--t---l 

- encountered rock and fine sand 

-- 
, , I  



6 Paltical Size & Shape 

- changed drilling bit to diasmond core 

Ground water was not encountered during the drilling 

-- 



10 Cementailon 

+ +  -,-- - -, - t - - + - 4  

_ 1- I 1 1 -  I- I - - I  I  
, I , I , I I I  

__L-I-LI__LL--I---a medium plasticity (Fill) 
I I- l ~ I - - C 1 ~ _ - 1 - I  
, I I I , I I I  

, ,  , I - - ,  I t - 8  

L I -  1 - L -I---] 



Cont~nued on Page 2 of 2 
- 



f Geotechl~ical Services 

10. Cementation 

12 FIII Matenal 

6 Parttcal S~ze & Shape 

for 135 mm of penetration 

End of bor~ng at 7.6 meters 



State of California - Department of Transportation - Office of Geotechnical Services 

t - Co. - Rte. - PM 

6. Partical Size & Shape 

and fine to medium size gravel (Topsoil) 

I I I  

, 1 1 1 1 1 1  

mm of penetration (Terrace Deposit) 

- 
- core barrel blocking off because of cobbles 









10 Cernentatl~on 

12 FIII Mater~al 

6 Partlcal Slze & Shape 

, 1 1 1 1  

- Sampler refusal on rock, 50 blows for 75 mm of penetrat~on 

- refusal, 50 blows for 2!j mm of penetrat~on 

-3-* 
- l ~ l ~ l ~ l  





H- 
I I . I - ' - _ ' _ _ _ _  

1 1 1 1 1 1 1  
1 1 - T I - - -  

I&- 

y:,o~ uo ' l d ~  ou 'lesnja~ - 

sjaplnoq pue la~e~Ei  as~eo:, 4 1 1 ~  'UMOJ~ uinlpalu o+ $11611 '$l!s ~ ~ I N I  - 

(~!sodaa a:)t?J~al) uo~$e~~auad 40 ULU 









12. Fill Material 

6. Partical Size & Shape 

,-.+-.+--, 

I 1 I I I I I I  

and and Fine, ver 

- - t - - - t - - A - 4  

avel and Fine, ve  

1 1 1 1 1 1 1  ------- 
I I I I 



10. Cementation 

6. Partical Size & Shape 

End of boring at 7.2 mete 

Ground water >was not encountered during the drilling operations. 

--t--+---t--+---C+-l 

c:\Geot~8\905\Boring Logs 



no sample was collected, the sampler was plugged with piece of 

c:\GeolechSOSSwing Log AB BB 



-I I 

- - 1 ~ ~ ~ ~ ~ - ! I - 1  - light brown and tan, med i~~m plasticity with some fine gravel 
, , , I  i I ' i P l  --.Ip 1-4 

- no sample was retrieved 
* - 7 - r - 1  
-A . . -r-- -t--*-l 

.- cobbles and coarse gravel, no SPT 

(;round water was not encountered during the drilling operations. 
I I I  

c:\GeotwhWOS\Boring Log AB BB 
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9. Structure 

12. Fill Material 
13. Other 

mics, light brown 

,-+--+~-+-*-+ 

-C--4 

I I +-t-{pl--l+-i 
L _ _ J A . . J _ J _ J _ l  

I I 1 1 1 1 1  - - --- 
, I , , , #  

+.t---+-, 

I d . - _ _ _ - -  

1 7 1 1 1 1 1  ------- 



12. Fill Materi,al 
6. Partical Size & Shape 

- 1 7 - 7 - 1  

roundwater was not encountered during the drilling opera 
1 1 1 1 1  I - - 

I I ,  

c : \ G e o t \ 9 0  Log AB 8 



10. Cementation 

12. Fill Materiel 

6 Partical Size & Shape 

Ground water was not encountered during the drilling operation 



Stab of California - Department of Transportation - Office of Geotechnical Selvices 

12. Fill Material 
6. Partical Size 8 Shape 

.,---..-- .-+ -.-,--, 

-t-----t---t+ 

Sampler refusal, 50 blows for 125 mm of penetration 

1 1 1 1 1  1 - 1 1  - Sampler refusal, 20 blows for 25 mm of penetration, no samp 

c:\Geotsch\905\Boring Log AB B 
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12. Fill Material 
6. Partical Size & Shape 

dense, reddish b' 

--+--i-i-iri-i-i 
-+.- ,-.*---1~ --, + f ----1---+ 

End of boring at 8.2 meters 
, , , I I I I I  

. , i- - -- ~ 1~ 1 1 
- I I _ - - l - J _ L - J  

;round water was not encountered during ihe drilling operaiions. 

I I_-.I-.1-l-1 

c:\Gwloch!905\Bonng Logs AB BB 
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I I I *p;tiit-t-l 
.- loss of drilling fluid circulation 

-m, light brown, m 
a 1 ~ 8  -.T- 

, I I I , I I I  

--with gravel and  cobbles 

- Sampler refusal, on rock 

Ilrilling very slow, gravel and cobble 

ery dense, light bro 



10. Cementaton 

12. Fill Material 

y dense, light brown, mols 

Ground water was not encountered during the drilling operations. 



technical Services 

10. Cementation 

12. Fill Material 

6. Partical Size 8 Shape 

grained (Terrace Deposit) 

- with coarse gravel and cobbles 

Ground water was not enc:ountered during the drilling operation 



10. Cementation 

12. Fill Material 

6. Partical Size & Shape 

- Sampler refusal, on rock 



State of California - Department of Transportation - Office of Geotechnical Services 

cobbles and boulders (Fill) 

mel, light brown, 1 

-- .f -t--, 

1 - _ I L - I  

J-----1_9I-J-J 

I I I I I  -1 
-i-Li-j- &-i 

I I I  

loose, light brown, rno 
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- Sampler refusal, 50 blows for 50 mm of penletration, on rock 

+++;-. i + i  
--,--,__I -,-- ~ - *  ~--.*-+ 

_ L L L I . - _ _ i -  1 L - I  

I I t I I I I I  

-II.-t-..-f-[~--.l--+-l 

Sampler refusal, 50 blows for 140 mm of pen 
End of boring at 9.1 mete 

Ground water was not enc'ountered during the drilling operations. 
I I I 

1 1 1 1 1 1 1 1  - -- -. -- -- 
I I t I I I I  -if-, + ,  +I.-+ 

- 
___I__l - I -J  



2. Group Symbol 
10. Cementation 

12. Fill Material 
6. Partical Size & Shape 

, , , I  

----T-- 

I I J  

:oarse gravel (Fill) 

-. very dense, refusal 

- I , IIIII-J--I- .I  

1 1 1 1 1 1 1 1  -. - -with cobbles 
I , , ,  

-i&IL+-+++ 

- refusal, on rock 

c,iGeotechch\905\Boris% Log AB BB 



hnical Services 

. IPartical Size 8 Shape 

c:\GeotechWOS\Boling L q S  AB BB 
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6. Partical Size & Shape 

Sandy Clay, medium brown, moist (Fill) 

.- medium dense 

--rrr-ri 

--with fine to coarse gravel 

- ve;y dense with fine to coarse gravel 

- 7 1 1  
- 6 - t u  

_I---L_L-I_-I 

Continued on page-2 of 2 
c;\Gectech\SOS\Boring Log AB BB 



12. Fill Material 

- rocklgravel, refusal, 50 blows for 125 mm of penetration 

(;round water was not encountered during the drilling operations. 

- # - L - J _ J _ I I  

1 1 1 1 I I  -. - -- -- -- 
1 1 1 1 1 I  +-t--~\-+.- f I 

~II,---IC--C--C4 

_LII4IL_I__L_I 
+-i&-.&--i---i 

I I I I I I I  - - - - -- -- 

c.\Geolei:hW05\Boling Logs AB BB 



Clay soft to firm, dry, high plasticity (Top sc 

I I ~~~ .~--L -... ~ ~ - 1  -A I 
, , 3 I I , I I  

. 1-1-~, --I ., -r-I I 
L .L- -L- L--, .--A- - . ~ L L ~  t 

. , , , - 1 - ~  ~ - -  

~ ~ * -+-~ . I ,  
Hit rocks at 3.30 meter 

I -I ---I .-I I ~--I I --I 
1 1 1 1 1 1 1 I  1 .  , 1 -  1 -  ,--I 

1 1 1 1 1 O I I  

1 -  1 -  1 -  I---~ 1 - - 1  
I I I I I I I I 

Drilling terminated at 4.50 meter depth. 

1_ - L  I I . -  I The ground water was not encountered during drilling 
I I I I I O I I  

. -1 - 1  - I j y  .-I~ ] 
---I 

1 1 1 1 1 I I I  





BENCH MARK 
The e levat ions have been derived 
from t h e  cross sect ions prepared 
by D i s t r i c t  11 Design. 

Note: No ground r a t e r  encountered dur ing 
f i e l d  invest igat ion.  

CLAYEY SILT (ML), gray, dry.  (F ILL )  

Sampler r e fusa l .  

SANDSTONE, weakly cemented, gray, 
moist. (FORMATION) 
COBBLES. 

.- . . 

Color chunjes t o  bro*n, r i i h  f ine  t o  coarse GRAVEL. 

11-18-04 

I 

PROF I LE 
HOR. 1:250 
VER. 1:100 

126+20 125+70 

ENGINEERING S DIVISION OF STRUCTURES 

I 

. . 





~ o t e :  No ground water encountered during 
Pield investigation. 









Note: No ground water encountered dur ing - 
f i e l d  invest igat ion. 

mn SILTY CLAY (CH), s o f t  -io s t i f f ,  brown, dry,  SILTY CLAY (CH), s o f t  t o  s t i f f  brown, dry, 
high (TOP SOIL) high p last ic i ty .  (Topsoil) 

very s t i f f ,  moist. very s t i f f ,  moist7 

SANDY CLAY with fine t o  coarse SAND, brown, moist, - 
. -- high p las t i c i t y .  (RERRACE.DEPOSIT) 

5-25-05 
5-25-05 

I 

14+70 
HOR. 1:100 
VER. 1:100 





BENCH MARK 
The e leva t ions  have been der ived from t h e  
c ross  sec t ions  prepared by D i s t r i c t  11 Design. 

-. PLAN 
1:1000 

IN0 grourid wuier encountered our-i i ig 
f i e l d  i nves t i ga t i on .  



WEATHERING DESCRIPTORS ~ o d i f i e d  f r ?  Uni ted S t q e s  BGreau 
of Reclamoton, Engjneerng Geology F i e l d  Manual. 

w4 

~5 

General choracter is t  ics  
[s t rength,  excovotion, e t c .P  

H a m r  r i ngs  xhen c r ys ta l  I  ine 
rocks o r e  s t ruck.  Almost 0 1 -  
WOYS rock exc2votion exce?t 
f o r  na tu ra l l y  veok or weakly 
cemented rocks such as s i t -  
stones or  shoes .  

I  omx xi i :ng3 *hen :7ysta! I  ins  
rocks a r e  s t ruck.  Body of 
rock not weakened. With few 
exceptions such as s i l t -  
stones o r  ;holes, c l a s s i f i e d  
0s rock e~covo t i on .  

16 

wi 

I I 1 altered t o  C O Y .  j I I 1 I 
. - I I 

Note :  T h i s  c h a r t  and  i t s  h o r i z o n t a l  cote a r i e s  a re  mare r e a d i l y  o p p i i e d  t o  r o c k s  w i t h  f e l d s p a r s  and m o f i c  m i n e r a l s .  Wea the r i cg  i n  
various sed imen ta ry  r o c k s ,  p a r t i c u l o r i y  Timestones and p o o r l y  n d u r a t e d  sed imen ts  wi  1 I  , n o t  a lways  i i t , t h e  c a t e g o r i e s  e s t a b l  s h e d .  
T h i s  cnar r  and w a t h e r i n g  ca tega r i es ,may  have t o  be m a d , f i e d  f o r  p a r t i c u l a r  s i t e  E o n a i t l o n s  o r  o t e r o t o n  such  as hyd ro the rma l  e f f e c t s ;  
however, t h e  b c s i c  fromework and  s i m l o r  d e s c r i p t o r s  a r e  t o  be  used. 

Ocomb ina t i on  d e s c r i p t o r s  a r e  p e r m i s s i b l e  where equal  d i s t r i b u t i o ?  o f  b o t h  w e a t h e r i n g  c h a r a c t e r i s t i c s  aye p r e s e n t  ove r  s i g n i f i c a n t  i n -  
t e r v a l s  o r  where characteristics p r e s e n t  o r e  " i n  between t h e  d o g n o s t i c  f e o t u r e .  Hoyever  dua l  d e s c r i p t o r s  ghou ld , , na t  be  used where 
s i g n i f i c a n t  d e n t i f  a b l e  zones con be  d e  ~ n e a t e d .  When g i v e n  as o range  o n l y  two ad )ccen /  t e rms  may be combined. Decomposed t o  
5 1  g h t  y  we&thei-ed, or  modera te l y  weathered t o  f r e s h "  a r e  n o t  a c c e p t a b l e .  

I D o e s  n o t  i n c l u d e  directions! wea the r i ng  a l o n g  shea rs  o r  f o u l t s  apd  t h e i r  a s s o c i a t e d  f e o t u r e s . , F a r  exomple, o shea r  zone t h a t  c o r r i e d  
w e a t h e r i n g  t o  g r e a t  dep ths  into a f r e s h  r o c k  moss would n o t  require t n e  r o c k  moss t o  be c l a s s i f i e d  ns r e n t h e r e d .  

§These  ore  g e n e r o i i z o t i o n s  and  s h o u l d  n o t  be used as d i a g n o s t i c  f e o t u r e s  f o r , w e a t h e r i n g  o r  e x c o v a t i ? n  classification. These c n a r a c t e r -  
i s t i c s  vary t o  Q l a r g e  e x t e n t  based on n a t u r a l l y  weak materials o r  cementation ond t y p e  o f  e x c o v o t l o n .  

Oesc r i p toTS  

Moderately t o  
51 i g h t l y  weatheredo 

Moderofey veothered 

WE 

FRACTURE DENSITY 
Modi f ied frm United States Bureau of 
Reclomotion. Engineering Geology F i e l d  Manuai. 

I I 

D i a g n o s t i c  f e a t u r e s  

A I phanumer i  c 
desc r i p to r  

w 1  

in tensely  t o  
moderately weatheredd 

l n tense~y  weathered 

vee~;::pe~ 

FRACTURE,DENSITY- Based on t h e  s p a c i n g  o f  o i l  n o t u r d  f r o c t u r e s  i n  on expesu re  or core  r e c o v e r y  
e n  t h s  i n  b o r e h o l e s '  however sheo r -  
d i  Squrbed zones ( f r o ; t ~ ? ~ " , " ~ n % ~ ~ e ~ ~ ~ ~ " , ; ~ e ~ ? O ~ o  f r a c t L r e  d e n s i t y  
a p p l y  t o  a1 1 r o c k  exposures s u c h  as t u n n e l  wal I s  doze r  t r e n c h e s  o u t c r o p s  or f o u n d a t l o o  c u t  
s l o p e s  and  i n v e r t s  os we1 I as b o r e h a l e s .  D e s c r i b t i v e  c r i t e r i a  p;esented b A ~ o v  a r e  based  on 
b o r e h o l e  cores r h e k  l e n g t h s  a r e  meosured o l o n g  t h e  core a x i s  f o r  o t h e r  exposu res  t h e  
c r i  t e r i o  i s  distance meosured between f r o c t u r e s  ( s i z e  o f  b l o c k s l .  

 script ive term 

Fresh 

Disco lorat ion o r  oxido- 
+ i o n  extends from f r a c -  
tures usuol l y  t h rough  
out ;  Fe;U minerols a r e  
' ' rusty qeidspor 
C T Y S ~ O ~ L  o r e  '.c!oudy." 

UNFRACTURED (FDO): No f r a c t u r e s .  

VERY SLiGHTLY FRACTURED (FD1) :Co re  r e c o v e r e d  m o s t l y  i n  l e n g t h s  g r e a t e r  t h a n  1 m. 

SLIGHTLY TO VERY SLIGHTLY FRACTURED (FDZ)* 

SLIGHTLY FRACTURED (FD3): Core r e c o v e r e d  m o s t l y  i n  l e n  t h s  f rom 300 t o  1000 mm, w i t h  few 
s c o t t e r e a  i e n g t h s  l e s s  t n o n  300 mm o r  g r e a t e r  t h a n  1008 mm. 

UODERATELI TO SLIGHTLY FRACTURED ! F D 4 l t  

MODERATELY FRACTURED lFD5) :  Core r e c o v e r e d  m o s t l y  i n  100 t o  300 mm l e n g t h s  w i t h  mas t  l e n g t h s  
o b o u t  200 mm. 

7-i1 i g h t l y  veotnered 

~ 

~ i ~ ~ ~ i o r a t i o n  o r  ~ x i -  
dot  ion throughout; 0 1  I 
feldspars and Fe-ug 
minerols ore a l te red  
t o  c a y  t o  some ex- 
t e n t '  or  chemical 
o I t d a t  ion produces, 
i n - l i t "  disoggregotion, 
see gro in  boundory 
condi t ions.  

~9 / cecavposed 

INTENSELY TO WDERATELY FRACTURED (FD61* 

INTENSELY FRACTURED IFD7) :  L e n g t h s  overage f rom 30 t o  100 mm w i t h  s c a t t e r e d  f ragmen ted  i n t e r v a l s .  
Core r e c o v e r e d  m o s t l y  ~n l e n g t h s  l e s s  t h o n  100 mm. 

VERY INTENSELY TO INTENSELY FRACTURED 1FDB)X 

Mechanical xeatheri ng- 

p r imar i l y  f o r  g r a n i t c s  
ond some coarse-groined 
sediments 

NO separation, i n t a c t  
( t i g h t ] .  

yo  v s b l e  s e p a r a r i ~ n ,  
" t a c t  ( t i g h t ) .  

Texture ond s o u t i o n i n g  
Chemicol weathering-Dipcolorat i  on 

and/or a x i d a t ~ o n  

A 1  1 f r oc tu re  
surfaces are 
d i ~ c o l o r e d  o r  
ox id ized.  

VERY INTENSELY FRACTURED (Fog ) :  Care r e c o v e r e d  m o s t l y  0s c h i p s  and f ragmen ts  w i t h  0 few 
s c o t t e r e a  s h o r t  core l e n g t h s .  

x Combinations o f  f r o c t u r e  d e n s i t i e s  1e.g. v e r y  i p t e n s e l y  t o  i n t e n s e l y  f r a c t u r e d  o r  m o d e r a t e l y  
t o  s I i g h t l y  fractured) are used,where equa l  a i s t r t  b u t  i o n  o f  b a t h  fracture ? e n s i t $  c h a r a c t e r i s t  l cs  
are p r e s e p t  o v e r  a , s !  n t f i c a n t  ~ n t e r v a l  or exposu re ,  o r  where c n a r a c t e r s t i c s  are  " i n  between"  
t h e  a e s c r ~ p t o r  d e f n l ? i o n s .  

~ ~ ~ t u r e  

NO change. 

~ r e s e r v e o .  

Body of rock 

NO d i ~ ~ o l ~ ~ o t i ~ n ,  not 
oxid ized.  

Discoloration or oxide. 
tion i s  l i m i t e d  to sur- 
face short d i s -  
tance from, froctureb; 
Some feldspar c r ys ta l s  
a r e  dul I .  

Por t ia1 sepora~ion 
bo~ndo r ies  v i s l b i e .  

A 1  1 f r ac tu re  
surfaces ore 
d i s ~ o l o r e d  o r  
ox id ized sur- 
faces f r i a b l e .  

Discolored or  ox id i j ed  
throughout, but re$#$-  
t o n t  m~nero l s  such os 
quortz may be unal tered i  
0 1  I feldspars and Fe-Mg 
m i n e r o l ~  a r e  completely 

I 

I 

REGISTERED C I V I L  ENGINEER 

Solut ion ing 

No so lu t  ion ing.  

kinoe- 1aach;ng 
of some sol"- 
b e  minerals 
may be noted. 

Fracture 
surfaces' 

NO d i sco lo ra t i on  
or ox iaot ion.  

~ i n a r  t o  -om- 
p ie te  discolors- 
t i o n  o r  ox ioo t i on  
of most Surfaces. 

!$( A l l  Lor1 v<\ 

r a i t a  separation 
---- 

rock i s  friable' i;i 
semiarid condi t /ons 
g ron i t i c s  o r e  
disaggregated. 

Complete separation 

o f  ldi50ggregoted). g ro in  boundaries 

PLANS APPROVAL DATE 

ROCK QUALITY DESIGNATION (ROD) & PERCENT RECOVERY (REC) LOGGING 
I 

Texture 
0 1  t e red  by 
chemical 
d i s i n teg ro -  
t i o n  Ihy- 
d ra t i on  
a r g i l l o i i o n l .  

Resembles a sa i  1 p o r t i a l  
o r  complete remnhnt rack 
s t ruc tu re  may be preserved; 
leoching o f  so lub le  
minerols usual ly  complete. 

ROO 
(ROCK OUALITY I DESCRiPT1ON Of 
DESIGNATION) ROCK QUALITY 

Can be granuoted by hond. 
Always common excovotion. 
Resistant minerals such as 
quartz may be present ag 

s t r i n g e r s  or  "dikes. 

Leaching o f  
so lub le  min- 
e ra l s  may be 
complete. 

REC = Percent  Core Recovery 

0 - 25% 
25 - 50% 
50 - 75% 
7 5  - 90% 
90 - 100% 

- 
Dul l  sound when s t ruck  x i t h  
homer usual I y  can be broken 
w i t h  mbderote t o  heovy manual 
pressure or  by l i g h t  hammer 
blow wi tnout  reference t o  
pones  o f  weokness,such as 
incipient o r ,ha i r l  toe f roc-  
tures or  v e n l e t s .  Rock i s  
s i g n i i i c o n t  y  weagened: 
usuo l y  common excavotlon. 

Length of 0 1  I care pieces 
REC = 

T o t a l  core run l e n ~ t h  

VERY POOR 
POOP 
FAIR 
GOOD 
EXCCLLENT 

J- - Leng th  p i e c e s  o f  2 1 sound OO mm co re  

ROD = 
Tot01 core run l e n g t h  

ROD = 
250+190+200 ,OOz 

1200 

End o r i  I led interval 
Begin d r i l l ed  interval 

REC=BO% 
0 ~ 1 0 0 %  

End d r i  I led interval 
Begin d r i  I led interval 

End d r i  1 led interval 

IN0 S c o l e l  
A f t e r  Deere & Deere,  1989 

R3CK HARDNESS DESCRIPTORS 

C r i t e r i a  

f rogment  o r  exposu re  conno t  be  s c r a t c h e d  v i t h  knife o r  
p i c k ;  ca;i o n l y  be  c h i p p e d  w i t h  r e p e a t e d  heavy hammer b l o w s .  

Con De grooved 2 nm deep b y  k n i f e  o r  s h a r p  p i c k  w i t h  moderate 
or hlravy p ressu re .  Core or f r agmen t  breaks v l t h  l i g h t  hammer 
b l o w  o r  heovy monuc! p r e s s u r e .  

Can oe grooved o r  gouged e a s j l y  by k n i f e , o r  s h o r p  p i c k  w i t h  l i g h t  
p r e s ~ u r e ,  can be s c r o t c h e d  v l t h  f ~ n g e r n a i l .  B r e o k s  w i t h  l i g h t  t o  
moderate manuai p r e s s u r e .  

HZ 

H 3  

H 4  

r e o d i l y  i nden ted ,  g rooved  o r  gauged w i t h  f i n g e r n a i l ,  o r  
v i t h  o k n i f e .  B reaks  w i t h  l i g h t  manuol p r e s s u r e .  

sof t ,  i s  t o  be described us ing ASTM 0-2488 consistency descr ip tors .  

Note:  A l t h o u g h  " s h a r p  p i c k "  i s  i n c l u d e d  i n  t h e s e  d e f i n i t i o n s ,  d e s c r i p t i o n s  o f  a b i l i t y  t o  be  
s c r o t ~ h e d ,  g r o o v e d  o r  gouged by a k n i f e  i s  t h e  p r e f e r r e d  c r i t e r i o .  

M o d i f i e d  f rom U n i t e d  S t a t e s  Bureau o f  Rec loma t i an .  E n g i n e e r i n g  Geology F i e l d  Manual .  

very h a r d  

H o r a  

~ o d e r o t e l y  
h o r d  

C ve ry  t h i c k l y  (bedded, f o l i a t e d ,  
o r  borided! I 1 t o 3 m  

I 

BEDDING, FOL IAT ION,  OR FLOW 
TEXTURE DESCR!PTORS 

Cannot be s c r o t c h e d  w i t h  k n i f e  o f  s h o r p  p i c K .  Core o r  f r a g m e n t  
b r e a k s  v i t h  r e p e o t e d  heavy hommer b lows .  

Can be s c r a t c h e d  w i t h  k n i f e  o r  s h a r p  p i c k  w i t h  d i f f i c u l t y  (heavy  
p r e s s u r e \ ,  Heavy hammer b l o w  r e q u i r e d  t o  break specimen.  

Con be scratched w i t h  k n i f e  o r  sha rp  p i c k  w i t h  l i g h t  or modero te  
p r e s s ~ r e .  Core or f r agmen t  b r e a k s  w i t h  modera te  hommer b low .  

- 
Descriptors 

Massive 

Thickness / Spacing 

GreOter t han  3 m 

I T h i c k l y  1 300 mm t o  1  m I 

Less t han  10 mm 

M o d i f i e d  f rom U n i t e d  S to tes  Bureau of 
Reclamat ion,  Engineer ing Geology F i e l d  Monual. 

Moderote lY 

T h i n l y  
I 

100 t o  300 mn 

30 t o  100 mn 

very t h i n l y  10 t o  30 mm 

( 

I STATE OF B R I D G E  NO. 
ENGINEERING SERVICE CENTER GEOTECHNICAL SERVICES 

PREPARED B Y (  F . Nguyen 3/05 

CHECKED BY 

DIVISION OF STRUCTURES R E T A I N I N G  W A L L  1 
RN'A STRUCTURE DESIGN K l L M T E R  W I T  

DEPARTMENT OF TRANSPORTATION 6.0-11.1 L O G  O F  T E S ~  BORINGS 2 OF 2 
RS",~,O" DATES <?RCL,",N.8" ST.=< a",,, I S"&ET I OF 

OY CECiffi16T LOO Q TEST BDRflliS SHEET l Y T R l C l  IRLV. S / 2 W 3 I  DRlClYlL Y A L E  I N  Y I L L I Y T E R S  DISREOMO PRlWTI MUllWC _ 
FOR RCDUeED PLANS L U l L l E l  R E V l S l D l  DATLS I 
I I 



LABORATORY TEST RESULnTS 



DIVISION OF 
ENGINEEFUNG SERVICES 

OFFICE OF GEOTECHNICAL SUPPORT 
GEOTECHNICAL LABORATORY 

5900 Folsom Boulevard 
Sacranlento, CA 958 19 

Date: 11/18/2004 

To: Zia Yazdani / GDS-2 

From: Lilibeth C. Purta / (916) 227-5239 

RE: Laboratory Test Report --. EA: 11.-091821 

Final test results. 

Note: All remaining test specimens will be disposed 
of in 30 calendar days from the release date of the 
final test results. 



STATE OF CALIFORNIA 

DEPT OF TRANSFORTATIGN 

GEOTECHNICAL LAB 

E.A. 11-091 821 

Br. # 

CLASSIFICATION TEST SUMMARY 
- 

NP - Non-plastic 
Sample received fractured -- Not suitable for testing 

'* Sample disintegrated while preparing for testing -- Not suitable for testing 
**' Sample received desiccated -- Test results may not represent the true soil conditions 



STATE =F CAL!mp.N!n 

DEPT OF TRANSPORTATION 

GEOTECHNICAL LAB 

E.A. 

Br. # 





NP - Non-plastic 
* Sample received fractured -- Not suitable for testing 
" Sample disintegrated ?nlhile preparing for testing -- Not suitable for testing 

*** Sample received desiccated -- Test results may not represent the true so11 conditions 





"Lopez. Rudy" <Rudy-C-Lopez@dob.ca.gov> on 02/03/2005 133:06:40 AM 

To: "Yazdani, Zia" <zia-yazdani@dot,ca.gov> 
cc: 
Subject: Corrosion Test Summary Report EA: 11-091 8;!1 (Corr. #s CR050385, CR050397-CR050399, C:R050404, 

CR050405, CR050407-CR050411) 

Division of Engineering Services 
Materials Engineering and Testing Services 

Corrosion Technology Branch 
Report Date: 2/3/2005 

lieported By: Lopez, Rudy 

CORROSION TEST SUMltfARY REPORT - SoiUWater 

Bridge 
Name: 
Bridge 
Number: 
EA No.: 11-0918 

2 1 
Dist/Co/Rte/ll / SD 
PM or KP: / 905 1 

kp 
9.2118 

SIC Sample Sample 
Number Location Type 

(TLIOI) 

SOIL 

C578530L SOIL 

C578530M SOIL 

C578530J SOIL 

(35785301 SOIL 

C578530H SOIL 

C578530G SOIL 
C578530C SOIL 

C578530F SOIL 

C578530D SOIL 

C578530A SOIL 

San~ple Depth 

RW 2-4 (RW 2-41) 

RW 157-1 (157-12) 

RW 157-2 (157-21) 

KW-3 1 

RW 2 (RW 22) 

IYW 3-4-1 

RW 3-3-1 

fiW 1-3 

R'W 3-1 (RW 
2)-15.16,17) 

RW 1-4 

RW '1-1 (KW I-1~1) 

p ~ Z  Chloride 
Content3 

( P P ~ )  

Sulfate 
content4 

( P P ~ )  



I3 This site is not corrosive to foundation elements (see note below for MSE wall backfill) 

IXI This site is corrosive (if checked). Controllilng corrosion parameters are as follows: 
6.5 pH 

1026 ppm Chloride 

6300 ppm Sulfate 

Note: For PvlSE wall structure backfill material, minimum resisitivity rnust be 1500 ohm-cm or 
greater, pH must be between 5.5 and 10.0, chloride content must not be greater than 500 ppm, 
and sulfate content must not be greater than 2000 ppm. 



Division of Engineering Services 
Materials Engineering and Testing Services 

Corrosion Techno1oj:y Branch 
Report Date: 1 111 612004 

Reported By: Lopez, Rudy 

CORROSION TEST SUMMARY REPORT - SoiWater 

Bridge 
Name: 
13ridge 
Number: 
EA NO.: 11-0918 

21 
Dist/Co/Rte 11 / SD 
IPM or KP: I 905 / 

9.2118.0 

SIC Sample 
Number Location 

(TLIOI) 

C578529C SAN 
DIEGO-905 

Ci78529E S AN 
DIEGO-905 

C578529G S AN 
DIEGO-905 

C578529H SAN DIEGO 
905 

C578529K SAN DlEGO 
905 

Sample Sample Depth Minimum 
Type Resistivity1 

(ohm-cm) 

SOIL SUR1:ACE I SAMPLE 820 
X5040903B 

SOIL SURI:ACE/ SAMPLE 450 
#5040922A 

SOIL SURFACE/ SAMPLE 2600 
#5040922& 

SOIL SUR14ACEI #S040922C 780 

SOIL SURFACE1 65 
#SO40922Dl2 

p~32 Chloride Sulfate 
content' conten< 

, P P ~ )  ( P Q ~ )  

This site is not corrosive to foundation elements (see note below for MSE wall backfill) 

El This site is corrosive (if checked). Controlling corrosion parameters are as follo\vs: 
6.95 pH 

9000 ppm Chloride 

770 ppm Sulfate 



Note: For MSE wall structure backfill material, minimum resisitivity must be 1500 ohm-crn or 
greater, pH must be between 5.5 and 10.0, chloride content must not be greater than 500 ppm, 
and sulfate content must not be greater than 2000 ppm. 



STATE OF CALIFORNIA - DEPARTMENT OF TRANSPORTATION 

OFF!CE OF GEOTECHNICAL SUPPORT - GEOTECHNICAL LABORATORY 

DENSITY - WATER CONTENT 

TESTBY LP CHECKED BY Ih $ 

" Disintegrated while preparing for testing 
"' Received dessicated - results may not represent true soil conditions 



DIVISION OF 
ENGINEERING SERVICES 

OFFICE OF GEOTECHIVICAL SUPJ,ORT 
GEOTECHNICAL 1,ABORATORY 

5900 Folsom B'oulevard 

w i  Sacramento, CA 958 19 

-- - 

Date: 8/19/2004 

To: Zia Yazdani / GDS--2 

From: Lilibeth C. Purta / (916) 227-5239 

RE: Laboratory Test Report -- EA: 11-0191821 

Permeability test results. 



STATE OF CALIFORNIA - DEPARTMENT OF TRANSPORTATIOM 
OFFICE OF GEOTECHNICAL SUPPORT - 
GEOTECHNICAL LABORATORY 

Falling Head Permeability 

Job # 11-091821 

Sample # BB-13-1 

Wet Unit Weight = 
Dry Unit Weight = 

Date 8/9/2004 - 

Tested By LP - 
Calc By LP - 

Checked By - 

Sample Description: 
Moist, gray-black, hard clay with silt and tiny e e c e s  of gravel. -- 

-- - _ C _  



STATE OF CALIFORNIA - DEPARTMENT OF TRANSPORTATION 
OFFICE OF GEOTECHNICAL SUPPORT 
GEOTECHNICAL LABORATORY 

Falling Head Permeability 

Job # 11-091821 Date 8/9/2004 . 

Sample # EB-3-1 Tested By LP - 
Callc By LP 

Checked By 7: 
Wet Unit Weight = 125.53 pcf  
Dry Unit Weight = 107.69 pcf  Load (TIft2) kavg (Wday) 

0.000195 

0.000063 
0.000063 - 
0.000062 

Load (Tlft2) 
-- A 

Sample Description: 
Moist, brown, hard, silty c lay  with t iny p ieces of gravel. Loose  in tube. Patched. - 

-- - 



STATE OF CALIFORNIA - DEPARTMENT OF TRANSPORTATION 
OFFICE OF GEOTECHNICAL SUPPORT 
GEOTECHNICAL LABORATORY 

Falling Head Permeability 

Job # 11-091821 

Sample # EB-3-2 Tested By LP 
Calc By LP 

Checked By 
Wet Unit Weight = 120.01 pcf 
Dry Unit Weight = 100.63 pcf 

0.000150 
0.000126 
0.000090 - 
0.00007 1 

Load (Tlft2) 
.- -- J 

Sample Description: 
Moist, brown, hard, silty clay. Loose in tube. Patched. - 

-- -- 



ANAILYSES 



SR 905 Proposed Road Improvement Proposed 8.5m Cut @ Sta. 129+01 

I 

150 1 ~~. ~ . .  ~~ ~ ~. ~ . ~ ~ ~ . . ~ ~ . ~ ~  . ~ ~ ~ .  ~ .. ~.~ .~~ .~... ~... ~ . . ~ ~ ~ . ~ ~ ~  ~~ , . . . . . . . . . . . . . . . -, 
i 
I 
I 

I q 43 . -  . I - A  '. ~-A-- -A 

0 10 20 30 40 50 60 70 

GSTABL7 v.2 FSrnin=3.329 
Safety Factors Are Calculated By The Modified Bishop Method 



C :  \P ro i j r an  F ' i l e s \ G 7 2 S W \ s r 9 0 5 a . O l l T  Page  1 

* * *  GSTABL7 * * *  
* * GSTADL7 b y  G a r r y  H .  G r e g o r y ,  P .E .  * *  

* *  O r i ~ i i n a l  .'+I s l o n  1 . 0 ,  J a n u a r y  19'36; C u r r e n t  V e r s i o n  2 . 0 0 4 ,  J u n e  2003 * *  
( 1 1  1 Kiq l l t s  R e s e r v e d - U n a u t h o r i z e d  Use P r o h i b i t e d )  

* * * * i * i i * . i * * r . - r i * * ~ A * * * * * * * i * * * * * * * * + * * * * A * * * * , * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

SLOPE STABILITY AIVALYSIS SYSTEM 
!.Ic'Jlfier', 3 l s ? , op ,  S i m p l i f i e d  J a n h u ,  o r  GLE Method o f  S l i c e s .  
( T n c l u o z s  ! -p snce r  & M o r g e n s t e r n - - P r i c e  Type A n a l y s i s )  
Ir:c;uai.;r; : ' i e r / P i l e ,  R e i ~ f o r c e m e n t ,  S o i l  N a i l ,  T i e h a c k ,  
L\1~!!;ir,tzr l l n d r a i n e d  S h e a r  S t r e r , g t h ,  Curved  Phi E n v e l o p e ,  
Z ! I~  s c t r c p :  z S o i l ,  F i b e r - R e i n f o r  c e d  S o i l ,  Bonndzry  Loads ,  Water  
c. . .,~rfaces, P s e u d o - S t a t i c  & Nemi i rk  Z a r t h q u a k e ,  and  A p p l i e d  F o r c e s .  

* * * * * * + * * i r . * r - r . " * * * * * * * * * C * * * r * * * * * x * * * * ~ k , * * * * * * * * * * x * * * * * * * * * * * * * * * * * * * * * k * * k * * * * * * *  

Analysis xun I a r p :  1 0 / 5 / 0 4  
m '  rime 05 R-n: 10: 15iW 
Run By: Moussa J a n d d l  ( C a l t r a n s )  
I n p u t  7 a r a  Flie:~. ,~rne:  C: \Program ? i l e s \G72SW\s r905a .  
O u t p u t  Fi l e n z ~ , e  : C:\Program i i l es \G72SW\sr905a .OUT 
U n i t  Sys t em:  S I  
~ l o t t c z i  ::utp:;? ? i  lendme:  C: \P rog ram '?i1es\G72SW\sr9Ocja.  PLT 
PROBLEM LESCRIFTION: SR 905 P r o p o s e d  Road Improvemen: 

P roposed  8.5m C J ~  I? S t a .  129+00 
BOUNDPflY COCR>IS.?iTZ.3 

5 T o p  D:;n(.aries 
6  'To t a l  9c::nr:aries 

Boundary  X-1-rfr Y-Left  X - R ~ g h t  Y-Right S o i l T y p e  
No. i:;j (m) ( I G )  0) Be1 ow Bnd 

1 3.00 1 5 4 . 5 0  2 0 . 0 0  1 5 4 . 5 0  3  
2 20 oc 154.50 :la. no 1:,9.00 3  
3 3 q O C  1 5 9 . 0 0  48 .00  1 6 1 . 5 0  2 
4 ; q . C r ~  1 6 1 . 5 0  54. 03  1 6 3 . 0 0  1 
i : 1 . 0 il 1 6 3 . 0 0  ! i5.00 163 .00  1 
b .; ~4 . 0 :I 1 6 1 . 5 0  6 5 . 0 0  1 6 1 . 5 0  2 

U s e r  S p e c i f l e d  Y-Or ig in  = 1 4 0 . : ) 0  (m) 
D e f a u l t  X-Pll;;~ Y:~i:le =: 0 . 0 0  (m) 
D e f a u l t  Y - ? k s  - . 'sl , , lo - 0 . 0 0  (m) 

ISOTRC'IJC SOIL ??..RALTZTERS 
3 Typc ;s) cf :3:;Ll 

S o i l  T c t a l  Sat u r i t e d  C o h e s i o n  F r i ' z t i o n  P o r e  PreSS\ l re  P i e z .  
Type U : I ~  t 'Kt. Y n l t  Wt. I n t e r c e p t  P r e s s u r e  C o n s t a n t  S u r f a c e  

No. !r;v/m3) ;1<N/m3) ( k P a )  ( d e g  Param. ( k P a )  No. 
1 19.6 1 9 . 6  1 4 . 4  2 6 . 0  0 .0C 0 . 0  0  
2 L8. li 18.0 4.8 3 4 . 0  0 . 0 0  0 . 0  0  
3  1 9 . 4  1 9 . 4  0 . 0  2 6 . 0  0 . 0 0  0 . 0  0  

A C r i t i c a l  F a i l ~ l r e  S u r f a c e  S e a r c h i n g  Moilhod, Us ing  A Random 
Techn iq l l e  Fcr Z e n e r a t i n g  C i r c u l a r  S ~ : r f a c e s ,  Has Been S p e c r ~ f i e d .  
3013 T r i a l  % z ! ~ a c r s  Eave  Been G e n e r a t e d .  
300 Surfacels) I n i t i a t e ( s )  From Ezch  Of I P o i n t s  E q u a l l y  S p a c e d  

A long  The l:rc~:n:~J Sur f  a c e  Between  X = 2 0 . 0 0  (m) 
a n d  X =  4 5 . 0 0 ( m )  

Each  S : l r f a c e  T?rm:nates  Between X = 5 2 . 0 0  (m) 
and  X = 6 0 . 0 0  (m) 

U n l e s s  F u r t h e r  Limitations Were Imposed ,  The Miniman E l e v a t i o n  
At  Which A S u r f a c e  E x t e n d s  Is Y = 0 . 0 0  (mi 

4 .00 i r r )  L ine  Segments  D e f i n e  Each  T r i a l  F a i l u r e  S .2 r f ace .  
R e s t r i c ~ i o n s  E~3ve Been Imposed  Upon The Ang le  Of I n i t i a t i o n .  
The Ang le  B i s  ::een R e s t r i c t e d  Between The A n g l e s  Of -10.Cl 
And E0.0  d e q .  
F o l l o w i ? g  Are 3 i s p l a y e d  The Ten Most C r i t i c a l  Of The T r i z l  - r d i l u r e  ' Su r f ace s  E v a l u a t e d .  They A r e  

O r d e r e d  - >Cost C r i t i c a l  F i r s t . .  
+ * S a f e t y  F a c t o r s  Are C a l c u l a t e d  By The M o d i f i e d  B i s h o p  Method  ' * 
T o t a l  K.;xber o f  T r i a l  S u r f a c e s  A t t e m p t e d  = 300 
Kllmber oi ? ' r i a l  S u r f a c e s  Wi th  V a l i d  FS := 300 
S t a t i s r ~ . : a l  Da t a  On A l l  Val ic i  FS V a l u e s :  

FS !.$,ii: - 1 8 . 8 0 8  FS Miri = 3 . 3 2 9  FS Ave = 3 . 7 8 1  
S t a n c i r d  D e v i a t i o n  = 1 . 5 2 3  C o e f f i c i e r l t  of  V a r i a t i o n  = 4 0 . 2 8  % 

F a i l - r e  .Sur face  S p e c i f i e d  By 11 C o o r d i n a t e  P o i n t s  



C:  \ P r o c r a m  F i l e s \ 1 ; 7 2 s W \ s r 9 0 5 a .  OUT P a g e  2  

- 
I 1 3 . 6 5 8  1 5 7 .  33.2 

1 7 . 1 9 4  1 5 8 . 7 6 2  
'i 5 1 . 3 2 0  1 6 0 . 4 3 0  

~n 5 4 . 5 1 8  1 6 2 . 3 9 0  
1; 5 5 . 4 5 6  1 6 3 . 0 0 0  

: l x , : l c  :.2r.rcAr Ar X = 2 5 . 2 2 3  ; Y == 2 1 1 . i 0 i  ; and  F.ad ius  = 5 6 . 8 4 1  
F - c r o r  o f  Safety 

* > .  3.129 - * +  
Ir,a:-vi:iu;il data on ttie ; 4 : s l i c e s  

W a t e r  W a t e r  'Ti e Tie E a r t k q u a k e  
F o r c e  F o r c e  F ~ r c , ?  F o r c e  Force  S u r c h a r g e  

i Nciyn:  Top B o r  !,!arm Tan H o r  V e r  L o a d  
(m) 5 !=: ?g ; ( k N )  ( k N )  1. kN ) ( k N )  i kN) ( k N )  i k N )  
4.6 4 7 . 5  0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0 
4.0 :3?.8 0 . 0  0 . 0  0 .  0 .  0 . 3  0 . 0  0  . 0 - -  ,. 4.s 195.5 0 . 0  0 . 0  0 .  0 .  0.0 0 . 0  0 . 0  
4 . C  233 . 5  0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0  . 0  
2 . 1. i29.5 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
1 .  S IC-1.8 0 .  C 0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
3.8 21i3.> 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 3  
3.7 14C.6 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
(,, , (3 2; .5 0  . 0 0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
3 . (1 11.7. 6 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
' 6  L . ,  1:;. 7 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
I . I  2 2 .  E 0 . 0  0 . 0  0 .  0 .  0 0  0 . 0  0 . 0  
L; . .5 ! .  7 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
0  . i 5. b 0 . 0  0 . 0  0 .  0 .  0 . 0  0 . 0  0 . 0  
F a i l u r o  ! : x r f i c e  S p e c i f i e d  By 111 C o ? r d i n a t e  P 0 i 1 i t s  

,~ , ., .~ X - S u r f  Y-Sur-: 

No. (m) (m) 
2 0 . 0 0 0  1 5 4 .  500 

L 2 3 . 9 9 2  1 5 4  :244 
3 2 '7.992 1 5 4  . :276 
1 3 1 . 9 7 9  1 5 4 . 5 9 7  

3 5 . 9 3 2  1 5 5 . 7 0 4  
6 3 P .  8 3 2  1 5 6 . 0 9 6  
7 4 3 . 6 5 7  1 5 7 . 2 6 6  
R 4 7 . 3 8 7  1 5 8 . 7 0 9  
L, 5 1 . 0 0 4  1 6 0 . 4 1 8  

1 0 5 4 . 4 8 8  1 6 2 .  383 
1 - 
A A 5 5 . 4 1 9  1 6 3 . 0 0 0  

C i r c l e  C i ' ? l t t r  A t  X = 2 5 . 5 4 :  ; 'i = 2 0 9 . 6 2 9  ; a n d  Radius = ' 55 .407 
?i::tor o f  S a f e t y  

" x * 3.330 * * *  
Fc?i!ure S l r f a c e  S p e c i f i e d  By !LL C o o r d i n a t e  P o i . n t s  

P V - , ~ ~ ~  X - S u r f  Y-Su!:f 

6 3 9 . 8 3 5  1 5 6 . . 2 6 6  
7 4 3 . 6 7 1  1 5 7 . 3 9 6  
8 4 7 . 4 2 5  15E . 7 7 8  
9 5 1 . 0 8 0  1 6 0 . 4 0 4  

1 0  5 4 . 6 2 0  1 6 2 . 2 6 7  
11 5 5 . 8 1 5  161%. 0 0 0  

C i r c l e  Center A t  X = 2 4 . 6 1 2  ; Y = 214.982 ; a n d  R a d i u s  = 6 0 . 6 5 8  
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T a c t s r  o f  S a f e t y  
. .*  1 . 3 3 1  * * *  

F a i l u r ?  i ; : l r€ace Specified By 1- C o o r d i n a t e  P o i l ~ r s  
poi:- . - :<-Surf Y-Surf 

:Jo. (rn) (m) 
1 2 0 . 0 0 0  1 5 4 .  5'50 
i 2 3 . 9 9 8  1 5 4 . 3 5 9  
2 2 7 . 9 9 6  154.4'5 

- 
I 4 3 . 6 7 1  1 5 7 . 4 7 C  
t 4'7. 430  158.E137 

5 1 . 0 9 4  1 6 0 . 4 4 2  
1 (2  5 4 . 6 4 8  1 6 2 . 2 7 7  
1 _ 5 5 . 8 5 2  1 6 3 .  ('100 

Circl.e Ce! ! i e r  A t  X = 2 4 . 1 9 6  ; Y = 2 1 6 . 8 7 3  ; and Rad ius  = 6 2 . 5 1 4  
:'rior- o f  S a f e t y  

, * "  3.333 * * *  
i',iil.:r:: S ~ r f a c e  S p e c i f i e d  By 1 I C o o r d i n a t e  Poir i t s  

Po;n; X-Surf  Y-Surf 
33. !m) (m) 

1 2 0 . 0 0 0  1 5 4 . 5 3 0  
2 23.9RE 1 5 4 . 1 9 4  
3 2 7 . 9 8 6  1 5 4 . 1 9 3  

3 1 . 9 7 7  1 5 4 . 4 5 8  
3 5 . 9 3 0  1 5 5 . 1 ~ 0 7  

6 3 9 . 8 2 5  1 5 6 . 0 1 6  - 4 3 . 6 4 0  1 5 7 . 2 2 1  
R 4 7 . 3 5 1  1 5 8 . ' 7 1 3  
5 5 3 . 9 3 7  1 6 0 . 1 8 4  

1 (3 5 4 . 3 7 8  1 6 2 .  5 2 5  - .  - - 5 5 . 0 5 5  1 6 3 .  0 0 0  
cirLL:: C::nter At X = 2 5 . 9 9 7  ; Y = 2 0 6 . 4 6 0  ; and Rad ius  = 5 2 . 3 0 5  

?:;:t;r of  S a f e t y  
. * ,  3 . 3 3 3  + * *  

r i l  ...,.-.. - ...n .3lrface S p e c i f i e d  By L :  Coord ina te  P o l ~ n t s  

i>olr;  X-Surf Y-Surf 

L 23.390 1 5 4 .  2 2 1  
2 7 . 9 9 0  154 .225 :  
3 1 . 9 7 9  1 5 4 . 5 2 6 )  
3 5 . 9 3 7  155 .10F i  

C 3 9 . 8 4 2  1 5 5 . 9 7 4  
4 3 .  674 1 5 7  .11t3 
1 7 . 4 1 5  15E1. 537 
5 1 . 0 4 4  1 6 C .  2 2 0  

A - 5 4 . 5 1 2  1t5Y.153 
. . 
. - 5 5 . 8 3 0  163.00) 

, . . L r ~ _ ~  . . z - n t e r  At X = 25.8: l  ; Y = 2 0 9 . 7 4 0  ; and Rad ius  = 5 5 . 5 5 1  

- 3 c t o r  o f  S a f e t y  
* . *  3 . 3 3 4  * * *  

F a i l i r e  S u r f a c e  S p e c i f i e d  By 11 C o o r d i n a t e  P o i n t s  
,c. - - - _ , I  X-Surf Y-Surf 
'\ :, - . (m) (m 1 

2 0 .  C O O  15-1.5CO 
L 2 3 . 9 9 9  ljr. 3 9 9  
3 2 7 .  996  1 5 4 . 5 5 9  
4 3 1 .  5173 1 5 4 .  9 ' 9  

3 5 . 9 1 6  1515.656 
3 9 . 8 0 6  1 5 ' 6 . 5 8 8  
4 3 . 6 2 7  1 5 7 . 7 1 1  
47.1363 1 5 9 . 2 0 1  

o 5 0 . 9 9 8  1 6 3 . 8 1 0  
3 

u 5 4 .  5 1 6  1 6 2 . 7 7 2  
11 5 4 . 9 7 9  1 6 3 . 0 3 0  
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C i r c l t  C,nt.er 4t X = 2 3 . 5 4 4  ; Y - 2 1 5 . 8 6 1  ; a n d  R a d i u s  = 6 1 . 4 6 3  
1; : -- , -- . ..L.. . , r  of S a f e t y  . ~. 3 . 3 3 5  * * *  

.. . - : , l_ure 5i;r r a c e  S p e c i f i e d  By 11 Z o o r d i n a t e  P o i n t s  
2oir.t X-Surf  V-Surt 
NO. (mi (m) 
1 2 0 . 0 0 0  154.51!0 
2 2 3 . 9 8 5  1 5 4 . 1  ' ) 2  
3 2 7 . 9 8 5  1 5 4 .  ;~ -7 

4 3 . 6 4 3  1 5 7 . 0 3 3  
4 7 . 3 5 1  1 5 8 .  '542 
5 0 . 9 3 0  160 .3 ; 'P  

I !I 5 4 . 3 5 8  1 6 2 . 3 3 9  
I 1  5 .5 .145 1 6 3 .  0 0 0  

C i r c l e  if?-er At X = 2 6 . 4 2 4  ; Y - 2 3 5 . 0 1 7  ; a n d  R a d i u s  = 5 0 . 9 2 4  
;ac;or o f  S a f e t y  

% " *  3 . 3 3 6  * * *  
? ' a l l ~ ~ r ?  Sl.1-face Specified By I! C o o r d i n a t e  P o i x r s  

?o;r!t X-S;irf Y-Surf  
15. ( r n )  (mi 

2C. 000 1 5 4 .  ij00 
2 2 . 9 9 4  1 5 4 .  :172 

3 2 7 . 9 9 3  1 5 4 .  i1.6 
3 1 . 9 8 1  1 5 4 .  ,531 
3 5 . 9 3 8  1 5 5 .  ,215 
3 9 . 8 4 6  1 5 6 . 3 6 7  

7 4 3 . 6 8 8  1 5 7 .  1 0 1  
:3 4 7 . 4 4 5  1 5 8 . 5 5 3  
3 5 1 . 1 0 1  1 6 0 . 1 7 7  

i ?  
L .! 5 i .  638  1 6 2 .  3 4 5  
I 1 5 6 . 1 8 2  1 6 3 . 0 0 0  

C l r c l u  C c r t e r  A t  X == 2 5 . 3 5 0  , Y = 2 1 3 . 2 1 8  ; a n d  R a d i u s  = 5 8 . 9 6 1  
FC5ctcr  o f  S a f e t y  . 

" * *  3.338 * * *  
F a l l u r c  S i r f a c e  S p e c i f i e d  By I1 Coordinate P o i n t s  

t'c: fir X-Sur f  Y-Sur t 

3 2 7 . 9 8 7  1 5 4 . 1 5 1  
4 3 1 . 9 7 8  1 5 4 . 4 2 1  

3 5 . 9 3 8  1 5 4 .  986 
3 9 . 8 4 5  1 5 5 . 8 4 3  

7 4 3 . 6 7 8  1 5 6 . 9 8 7  
n 
C 4 7 . 4 1 5  1 5 8 . 4 1 2  
3 5 1 . 0 3 7  1 6 0 . 1 1 C  

I C 5 4 . 5 2 3  1 6 2 . 0 7 2  
1 1  
A L 5 5 . 9 1 9  163.0CC. 

C i r c l e  C c n t e r  Bt X  = 2 6 . 3 4 4  ; Y = 2 0 8 . 0 6 6  ; ar.d R a d i u s  = 5 3 . 9 4 0  
- r ~ s c t o r  o f  S a f e t y  

* * .  3 . 3 3 9  * * *  
* * - +  END O F  GSTABL? OUTPUT * * * *  



SR 905 Proposed Road Improvement Proposed 8.5m Cut @ Sta. 129+00 
rogram files\g72sw\sr905e pi2 Eun By: Moussa Jandal (Caltrans) 1015104 10:13AM 

~ - ~-. ~ . . ~  
~ - ~~. . - ~ -~ .~ ~ 

~~- - ~. ~ 

190 
Frlctlon Pore Pressure Plez ! Load Value ' 

t. UnitWt. :Intercept Angle Pressure Constant Surfacei~ Peak(A) 0360(g) ! 
No. (kNim3) (kNIm3) (kPa) (deg) Param (kPa) No. 11 j L  ~- kh ~~- C0ef - -- .~ ~- 0 .1?0@)~ -~ 4 

c 2 1 7 8 1 i  1 1 1 9 6  19.6 , 14.4 26.0 0.00 0.0 
I 

0 I I d 2.1781~ 2 2 18.0 18.0 ' 4.8 34.0 0 0 0  0.0 
e 2.1781 3 5 1 9 4  19.4 ~ 0 0 ~. 36 0 0 00 0.0 O 1  1 1 f 2.1781 

! 

) 1 g 2.1801 
180 1 h 2.1801 

1 I i 2 1801 
( ( j 2.181 ( . 

I 

I 

I 
I 

i 
I 
I 
1 

i -- - 1 -. 1 ~- I _ _ _  i I 
140 ' A___ _ ~ _ 2  
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GSTABL7 v.2 FSmin=2.i77 
Safety Factors Are Calculated By The Modified Bishop Method 



* * *  GSTABL7 * * *  
" GSTAEL7 by Garry H. Gregory, P.E. * *  

* *  ('ri!i;lc.: i'ersion 1.C, January 1996; Current Version 2.004, June 2C03 * *  
:All Rights Reserved-Jnauthorized Use Prohibited) 

* * * * * r i r * + * * . r r - i * * * * * * * * * * * * i i * * * * C i * * * * + + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

SLOPE STABILITY ANA1,YSIS SYSTEM 
: : o d ~ i l e r i  ?ishop, Simplified Jiinbu, or GLE Method of Slices. 
: Inc ; , cv -  Spencer i. ~orgenstern-Price Type Analysis) 
Inclcd; : .~  Fier/Pile, Reinforcmnent, Soil Nail, Tieback, 
Nanlir:e,:r I-ndrained Shear Str-engzh, Curved Phi Envelope, 
Aniscrropic Soil, Fiber-Reinl.orced Soil, Boundary !,oads, Water 
Sur'aces, Pseudo-Static & Neoimark Earthquake, and Applied Forces. 

* * * * i * r i i + x * * * r i * i + * t * * * * * * * * * * i * * * * * t * * * + * * * * * * * * * * * * * * * * * h * * * * * * * * * * * * * * * * * * * * * * +  

Ana1.p is 3ur. :,?te: 10/5/04 
Time of Ru3: 10:13AM 
Run 3y: Moussa Jaodal (Caltrans) 
Input r;i:ta Fikname: ~:\Progran Files\G72SW\SR905E. 
Output Filt-:-.ar.c:: C: \Prngr.in~ Files\G72SW\SR'305E.CUT 
Unit .S;.srem: SI 
Plotted 0c:p;t Filename: C:\Program Files\G72SW\SR9052,PLT 
PRCELEM 3ZSC3T!dTI3N: SR 905 Proposed Road Improvement 

Proposed 8 . 5 ~  Cut @ Sta. 129+00 
BOUKDAhY C 0 3 2 L  INATES 

5 Top Sc~ndaries 
6 Total 3c;ndaries 

Boundary %Left Y-Left X - R i g h t  "-Right Soil Type 
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(m) (m) Selow End 
20.00 154.50 
38. 00 159.013 > 
48.00 161. 5 3  
54. CC 163.00 I 

65.03 163.00 L 
65. 30 161. .50 > 

-40. OC (n) 

3 Typeis: 2' ? o i l  
S o i l  Y o t s l  . :?rurated Cohesion F r l c t i o n  Pore  P r e ~ j s u r e  P l e a  
r . ,  YP e  C: . i t  :<:I. ::?.it. W:. I n t e r c e p t  Fn$!e P r e s s u r e  Con:;tant S u r f a c e  

N O .  ( k N / - r ' :  :k:<:m3; (kPa) ( d e g )  Param. (kPai No. 
1 19.6 !(:, E 14.4 26.3 0.00 3.0 0 
2 it?. :; 16. 0 4.8 34.0 0.00 0.0 0 
3 13.4 1 .-. . 4 0.0 36.0 0.00 0.0 0 

Spec iL i t r i  ?pi. < Cr,:nr.d A c c e l e r a t i o n  C o e f f i c i e n t  ( A )  = 0.360 ( 9 )  
S p e c i f ~ e c i  !ic:l:c,zt.al Ea r thquake  C o e f f j  c i e r ~ t  [kh) = 0.120 (g) 
S p e c i f l e a  V e r r l c a '  Ea r thquake  C o e f f i c i e n t  [kv) - 0.000 [ g )  
S p e c i f i e d  .:t~cz:c P c r e - P r e s s u r e  F a c t o r  = 0.000 
A Critical 1';1~:1r0 ::urface Sea rch ing  l i i t h o d ,  Using A Random 
Techni!&:e F c r  Z t r l e r & t i n g  C i r c u l a r  S u r i a c e s ,  Has Been S p e c i f i e d .  
300 'Tri a 1  .'; ;r :,ices Have Been Generati :d.  
300 ',I: ;,ace l i-) L3i i ia t .e  i s )  From Each Of 1 P o i n t s  E q u a l l y  Spaced 

Along Ti,e !;rm:.;:;l Sl l r f ace  Between X =: 20. 00 (m) 
and X == 45.00 (m) 

3ach  S , ; r i ace  Ti.r:l;indte:; Setween X = 52.00 (m) 
and X -  6C.00(m! 

Unless  F u r t - e r  1,:rni t a t  i o n s  Were Impos~sci, The Minirrurn Z l e v a t  i o n  
A t  Xhicn 3. . ? : ~ r f z c e  Extends  Is Y = O.OO(m) 
4.00(n) Licr S-gments Def ine  Each Trial Fa i l -u re  S u r f a c e .  

Rest r iCt l ! ; r : :  i;d:.,e Been imposed Upon Tile n n g l e  Of I n i t i a t i o r ! .  
The Ar.?lf F.?.s t ea -n  2 e s t r i c t : e d  Betweer Tkif: Angles  Of 1 0 . 0  
And (9.8 c c , ~ ; .  
; o l l o w i ~ , q  >:? C;;p:ayed The T e n  Most C r i t i c a l  Of The T r i a l  

F a l l - r c  : : . : r f ices  E v a l u a t e d .  T h c y  Are 
( : r d e ~ ~ = C  - :qost : : r i t i z a l  F i r s t .  
k + . . - - - .  I F a c t o r s  Are C a l c u l i t e d  Ry The Modif ied  Bi3hop Method * 

- ~ : . t , : ~  ::.~rr--r o f  T r i a l  S u r f a c e s  At tempted -= 300 
Nz.i?:kr ~f ?rial S u r f a c e s  With V a l i d  FS = 300 
S t a t i s :  i c a l  Data On A l l  V a l i d  F.? Values :  

-- 0 t 3  ::ax = 12.649 FS Min = 2.177 FS Ave = 2.457 
Syandard 3 e v i a t i c n  = 1.052 C o e f f i c i e n t  o f  V a r i a t i o n  = 42.01 % 

F r > i l ~ r e  C::rface S p e c i f i e d  By 11 C o o r d i n a t e  Points 
f ) c i n r  X-Surf Y-Surr: 
NC . (m) (m) 

1 20.000 154.500 
i 23.996 154.:328 
i 27.995 154. 4iY 
r 31.979 154.173 
3 35.932 155. 390 

39.835 156.266 
.7 43.671 157.396 

47.425 158.778 
51 .080  160.404 

7 - 
1 L' .54.620 162.267 
- '55.815 163.000 

,?. ' - 
-_rile C ' n t e r  A t  X = 24.612 ; Y = 214.982 ; and Rad ius  = 60.556 

F c c t 3 r  of S a f e t y  ',. 2.177 * * *  
1 r d : v i d u a l  d a t a  on t h e  14 s l i c e s  

Water Water T i e  T i e  Ea r thquake  
Force  Force  Force  Force  F o r c e  S u r c h a r g e  

S l i c e  Width b:o:ght Top Bot Norm Tan H ~ I -  Ver Load 
No. l r : )  f :<N) (kN1 (kN) ( kN 1 :kN) (kN: (kN1 ( liN ) 
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45.4 0 . 0  0 . 0  0 .  0 .  5 . :I 0 . 0  
: 2 b . 1  0 . 0  0 . 0  0 .  0 .  1 5 .  1 0 . 0  
j. S :) . 6 0 . 0  0 . 0  0 .  0 .  2 2 . 3  0 . 0  
222.9 0 . 0  0 . 0  0 .  0 .  2 6 .  7 0 . 0  
12'. . 2  0 . 0  0 . 0  0 .  0 .  1 5 . 0  0 . 0  
134.7 0 . 0  0 . 0  0. 0 .  1 2 . 6  0 . 0  
2 1 6 . 6  0 . 0  0 . 0  0 .  0 .  2 5 . 8  0 . 0  
1 J> 1 
L C  .2 0 . 0  0 . 0  0 .  0 .  2 2 . 7  0 . 0  

2 C .  i 0.C 0 . 0  0 .  0 .  3 . 1  0 . 0  
l i 2 . C  0 . 0 0 . 0  0 .  0 .  1 4 . 6  0 . 0  
t:! .6 0  . :I 0.3 0 .  0 .  7 . 5  0 . 0  
l ' i . 3  0 . 0  0 . 0  0 .  0. 2 . 3  0 . 0  
1;). 5 0  . 0 0 . 0  0 .  0 .  1 . 3  0 . 0  

:, . h 0 . 0  0 . 0  0 .  0 .  1 . 0  0 . 0  
a I > r f a c e  S p e c ~ f i e d  By 1'. C o o r d i n a t e  P o i n t s  

X-Surf Y-Surf 
im) (rn) 
2 0 . 0 0 0  1 5 4 .  ' > 0 0  
2 3 . 9 9 4  1 5 4 .  : ' 73  
2 7 .  4 9 3  1 5 4 .  12'1 
3:. . 1 7 9  1 5 4 .  ii62 
3 5 . 9 3 2  1 5 5 . 2 1 7  
3 9 . 8 3 1  1 5 6 . 1 6 9  
4 3 . 6 5 8  1 5 7 .  332 

1 I 1 1 . 4 5 0  1 6 3 . 0 0 0  
c i r c l e  C e ; t e r  A t  X = 2 5 . 2 2 3  ; Y = 2 1 1 . 1 0 1  ; a n d  R a d i u s  = 5 6 . 8 4 1  

:..-. . t c r  o f  S a f e t y  
. * * 2.1 '17 * * +  

r, , i lr;re :; i r f a c e  S p e c i f i e d  By 1 1  C o o r d i n a t e  P o i n t s  
P o l r t  X-Surf Y - S L ~  f  

7. u 3 . in) (mi 
I 2 0 . 0 0 0  1 5 4 . 5 0 0  
2 2 3 .  992 1 5 4 .  244  
I 2 7 . 9 9 2  1 5 4 .  2 7 6  
6 3 1 . 9 7 9  1 5 4 . 5 9 7  
i 15.  332 15 '5 .204 
E 3 9 . 8 3 2  1 5 6 . 0 9 t '  
- 
I 4 3 . 6 5 7  1 5 7 . 2 6 6  
a 47.387 1 5 8 .  7054 
!: 9 . 0 0 4  1 6 0 .  418 
10 5 4 . 4 8 8  1 6 2 . 3 8 3  
1 I 55.4119 1 6 3 . 0 0 0  

i ~ r d c :  : ' , n t e r  A t  X = 2 5 . 5 1 5  ; Y = 2 0 9 . 6 2 9  ; a n d  R a d i u s  = 5 5 . 4 0 7  
Fictor 3 f  S a f e t y  

a .  2 . 1 7 8  * = *  
F a i l r r i ?  ; u r f a c e  S p e c i f l e d  By 11 Z o o r d i n a t e  P o i n t s  

Po in - :  X-Sur f  Y - S l ~ r f  
Nc. (rn) (m! 

2 0 . 0 0 0  1 5 4 . 5 0 0  
2 2 3 . 9 9 8  1 5 4  . 3 5 9  
3 2 7 . 9 9 6  1'31 , 4 7 5  

3 1 . 4 7 9  1 5 1 . 8 4 5  
3 3 5 . 9 3 0  1 5 5 . 4 7 0  
n 3 9 . 8 3 2  1 5 6 . 3 4 6  
7 4 3 . 6 7 1  15.1 . 4-10 
2 4 7 . 4 3 0  1 5 8 . 8 ~ 3 7  
'1 5 1 . 0 9 4  1 6 0 . 4 4 2  

15 5 4 . 6 4 8  162 .2 '77  
1 I 5 5 . 8 5 2  1 6 3 . 0 0 0  

C i r c l e  ;enter A t  :X = 24.1196 ; Y = 2 1 6 . 8 7 3  ; a n d  R a d i u s  = 6 2 . 5 1 4  
T a c t o r  o f  S a f e t y  

% * *  2 . 1 7 8  * * *  
F a i l u r e  S u r f a c e  S p e c i f i e d  By I1 C o o r d i n a t e  i ' n in t s  

P o l n i  X-Sur: Y-Sur f  
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3 5 . 9 3 8  1 5 5 . 2 L 5  
o 3 9 . 8 4 6  1 5 6 . 0 6 7  
7  4 3 . 6 8 8  1 5 7 .  L!;! 
n 4 7 . 4 4 5  1 5 8 . 5 5 3  

5 1 . 1 0 1  1 6 0 . 1 7 7  
1 - 
A LJ 5 6 . 6 3 8  1 6 2 .  3ll!> 
1 I 5 6 . 1 8 2  1 6 3 .  300 

..-c;2 -. - -  .=:lrer Ar x = 2 5 . 3 5 0  , Y = 2 1 3 . 2 1 8  ; a n d  X a d i u s  = 

GI:~  o r  of  S a f e t y  . . -  2 . 1 7 8  * * *  
i:clilure ~ . , : ~ - f ; ~ ~  s p e c : f i e d  By 1 1  C o o r d i n a t e  P o l n t s  

- .  907 X - S u r f  Y-Surf  
:<c . (m 1 (m) 

2 0 . 0 0 0  1 5 4 . 5 3 0  
2 3 . 9 9 0  1 5 4  . 2 2 1  - 
2 7 . 9 9 0  1 5 4 .  z.29 

4 3 1 . 9 7 9  1 5 4 .  tr26 
> 3 5 . 9 3 7  1 5 5 .  ! 08 

3 9 . 8 4 2  1 5 5 .  '174 
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CONSULTATION HISTORY 
 
The Service rendered a biological opinion (FWS-SDG-2296.5) on July 12, 2004, which 
considered the impacts of the SR-905 on the gnatcatcher, San Diego fairy shrimp, Riverside fairy 
shrimp, quino, and button celery.  In our 2004 biological opinion, we concluded the proposed 
project was not likely to adversely affect and therefore not likely to jeopardize the continued 
existence of these federally listed species.  We also issued an amendment to the biological opinion 
on August 23, 2007 (FWS-SDG-2296.6).  On July 22, 2009, we received your letter dated July 20, 
2009, requesting an amendment to the original SR-905 biological opinion (FWS-SDG-2296.5).  
We reinitiated formal consultation to address the effects of the haul road on San Diego fairy 
shrimp on July 22, 2009, the date we received your letter requesting an amendment to the original 
SR-905 biological opinion. 
 

BIOLOGICAL OPINION 
 
DESCRIPTION OF THE PROPOSED ACTION 
 
Project Description 
 
The proposed haul road will be approximately 6 meters (m) [20 feet (ft)] wide and will be 
constructed along the western boundary line of the Handler Property between Otay Mesa Road 
and SR-905.  One vernal pool [0.004 hectare (ha) (0.011 acre (ac))] of vernal pool habitat and 
0.077 ha (0.19 ac) of vernal pool watershed] occurs in the northwest corner of the Handler 
Property where the haul road is proposed.  A dry season survey in 2007 found Branchinecta sp. 
cysts in the subject vernal pool that are likely San Diego fairy shrimp cysts (Helix 2007).  
Construction of the haul road will permanently impact the occupied vernal pool. 
 
Conservation Measures 
 
Caltrans proposes to offset adverse effects to the San Diego fairy shrimp by restoring 0.013 ha 
(0.033 ac) of vernal pool habitat occupied by the San Diego fairy shrimp and 0.77 ha (1.9 ac) of 
vernal pool watershed at the Caltrans-owned Dennery Canyon restoration site (aka Wall-Hudson) 
north of the Handler property on Otay Mesa.  The additional restoration has already been initiated 
as part of the ongoing vernal pool restoration to offset impacts to San Diego and Riverside fairy 
shrimp addressed in the original SR-905 biological opinion.  Caltrans will also implement all 
conservation measures and terms and conditions of the SR-905 South biological opinion. 
 
STATUS OF THE SPECIES 
 
Listing Status 
 
The San Diego fairy shrimp was federally listed as endangered on February 3, 1997, (62 FR 
4925).  In September 1998, the Service published the Recovery Plan for Vernal Pools of Southern 
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California (Recovery Plan) (Service 1998).  The San Diego fairy shrimp is included in this 
Recovery Plan.  Critical habitat for the San Diego fairy shrimp was designated on October 23, 
2000, (65 FR 63438).  Critical habitat was remanded, but not vacated, by the Central District 
Court of California on June 12, 2002.  Critical habitat was re-proposed on April 22, 2003, (68 FR 
19887).  Revised critical habitat for the San Diego fairy shrimp was designated on December 12, 
2007 (72 FR 70648).  No designated critical habitat for the San Diego fairy shrimp will be 
affected by the project. 
 
Species Description 
 
The San Diego fairy shrimp is a small, freshwater crustacean in the family Branchinectidae of the 
order Anostraca.  The species was originally described by Fugate (1993) from samples collected 
on Del Mar Mesa, San Diego County.  Male San Diego fairy shrimp are distinguished from males 
of other species of Branchinecta by differences found at the distal tip of the second antennae.  
Females are distinguishable from females of other species of Branchinecta by the shape and length 
of the brood sac, the length of the ovary, and by the presence of paired dorsolateral (located on the 
sides, toward the back) spines on five of the abdominal segments (Fugate 1993).  Adult male 
San Diego fairy shrimp range in size from 9 to 16 millimeters (mm) [0.35 to 0.63 inches (in)] and 
adult females are 8 to 14 mm (0.31 to 0.55 in) long. 
 
Distribution 
 
The range of the San Diego fairy shrimp includes Orange and San Diego counties in southern 
California, and northwestern Baja California, Mexico (Service 1998, Brown et al. 1993).  In 
Baja California, San Diego fairy shrimp have been recorded at two localities:  Valle de Palmas, 
south of Tecate and Baja Mar, north of Ensenada.  A single isolated female was previously 
reported from vernal pools in Isla Vista, Santa Barbara County, California; however, directed 
surveys have not located any additional individuals (62 FR 4925). 
 
In Orange County, San Diego fairy shrimp have been documented at Fairview Park (CNDDB 
occurrence #11, 1996), Newport Banning Ranch, Irvine Ranch Land Reserve, and within the 
San Juan Creek watershed at Chiquita Ridge and Radio Tower Road. 
 
In San Diego County, the species occurs in vernal pools from Marine Corps Base Camp Pendleton 
(MCBCP), inland to Ramona, and south through Del Mar Mesa, Proctor Valley, and Otay Mesa.  
Over 279 and 1,899 pools on MCBCP and Marine Corps Air Station Miramar (MCAS-Miramar), 
respectively, are known to be occupied by San Diego fairy shrimp (Service 2008).  Of the 62 
vernal pool complexes1 mapped by the City of San Diego2, 29 were found to be occupied by 
                                                           
1  Vernal pool complexes are defined as a series of vernal pool groups that are hydrologically connected with similar 
soil types and species compositions.  They were first described and surveyed by Beauchamp and Cass 1979 and 
subsequently updated in 1986a (Bauder) and 1998 (Recovery Plan). 
2  The City of San Diego conducted non-protocol surveys for San Diego fairy shrimp.  Therefore this inventory may 
under-represent the true number of vernal pools with occurrences of San Diego fairy shrimp. 
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San Diego fairy shrimp and occur at the following localities:  Del Mar Mesa (1), Carmel Mountain 
(1), Mira Mesa (6), Nobel Drive (3), Kearny Mesa (3), Mission Trails Regional Park (1), and 
Otay Mesa (14) (City of San Diego 2004). 
 
Additional vernal pool complexes with occurrences of San Diego fairy shrimp located in 
San Diego County, but not included in the City of San Diego’s inventory include:  Carlsbad, 
San Marcos, Ramona, Poway, Santee, Rancho Santa Fe, Murphy Canyon, Otay Lakes, 
Imperial Beach, East Otay Mesa, Marron Valley, and Proctor Valley (CNDDB Occurrence #27, 
2001). 
 
Habitat Affinity 
 
San Diego fairy shrimp are restricted to vernal pools and vernal pool-like depressions (e.g., ruts in 
dirt roads).  Vernal pools are ephemeral wetlands that occur from southern Oregon through 
California into northern Baja California, Mexico (Service 1998).  Vernal pools require a unique 
combination of climatic, topographic, geologic, and evolutionary factors for their formation and 
persistence.  These seasonal wetlands form in regions with Mediterranean climates where shallow 
depressions fill with water during fall and winter rains and then dry up when the water evaporates 
in the spring (Collie and Lathrop 1976; Holland 1976; Holland and Jain 1977, 1988). 
 
Downward percolation of water within the pools is prevented by an impervious subsurface layer 
consisting of claypan, hardpan, or volcanic stratum (Holland 1976, Holland and Jain 1988).  
Seasonal inundation makes vernal pools too wet for adjacent upland plant species adapted to drier 
soil conditions, while rapid drying during late spring makes pool basins unsuitable for typical 
marsh or aquatic species that require a more persistent source of water.  Local upland vegetation 
communities associated with vernal pools include needlegrass grassland, annual grassland, coastal 
sage scrub, maritime succulent scrub, and chaparral (Service 1998). 
 
San Diego fairy shrimp tend to inhabit shallow, small vernal pools and vernal pool-like 
depressions that range in temperature from 10o to 26o Celsius (C) [50° to 79° Fahrenheit (F)].  
They are ecologically dependent on seasonal fluctuations in their habitat, such as absence or 
presence of water during specific times of the year, duration of inundation, and other 
environmental factors that likely include specific salinity, conductivity, dissolved solids, and pH 
levels (Gonzalez et al. 1996, Hathaway and Simovich 1996, and Holtz 2003). 
 
Life History 
 
San Diego fairy shrimp are non-selective, particle-feeding filter-feeders, or omnivores.  Detritus, 
bacteria, algal cells, and other items between 0.3 to 100 microns may be filtered and ingested 
(Eriksen and Belk 1999).  Adult fairy shrimp are usually observed from January to March; 
however, in years with early or late rainfall, the hatching period may be extended (65 FR 63438).  
San Diego fairy shrimp have a two-stage life cycle and spend the majority of their life cycle in the 
cyst stage (Templeton and Levin 1979, Schaal and Leverich 1981, Herzig 1985, Hairston and 
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De Stasio 1988, Venable 1989).  After hatching, San Diego fairy shrimp reach sexual maturity in 
about 7 to 17 days, depending on water temperature and persist for about 4 to 6 weeks (Hathaway 
and Simovich 1996).  Fairy shrimp mate upon reaching maturity, and female San Diego fairy 
shrimp produce between 164 and 479 cysts (eggs) over their lifetime (Simovich and Hathaway 
1997).  The cysts are either dropped by the females to settle into the mud at the bottom of the pool, 
or they remain in the brood sac until the female dies and sinks to the bottom (Eriksen and Belk 
1999).  Fairy shrimp cysts may persist in the soil for several years until conditions are favorable 
for successful reproduction (Simovich and Hathaway 1997).  The cysts will hatch in 3 to 5 days 
when water temperatures are between 10° and 20° C (50° and 70°F) (Hathaway and Simovich 
1996).  Not all cysts are likely to hatch in a season, thus providing a mechanism for survival if 
water quality and ponding conditions are not favorable in a given year (Simovich and Hathaway 
1997, Ripley et al., 2004). 
 
Population Trend 
 
At the time of listing, San Diego fairy shrimp were known to inhabit a minimum of 25 vernal pool 
complexes in coastal areas of San Diego, Orange, and Santa Barbara counties, and northwestern 
Baja California, Mexico (62 FR 4925).  Currently, 137 complexes occupied by San Diego fairy 
shrimp have been identified in the U.S.; an additional 3 complexes that were identified as 
occupied at listing have since been extirpated (Service 2008).  Most of these additional complexes 
fall within the extant range of the San Diego fairy shrimp known at the time of listing.  Therefore, 
we estimate that the overall San Diego fairy shrimp distribution has not decreased or increased 
appreciably since listing.  A summary of occupied vernal pool complexes is provided in Appendix 
1 of the San Diego Fairy Shrimp (Branchinecta sandiegonensis) 5-Year Review: Summary and 
Evaluation (Service 2008). 
 
ENVIRONMENTAL BASELINE 
 
Regulations implementing the Endangered Species Act of 1973 (Act), as amended (16 U.S.C. 
1531 et seq.) (50 CFR §402.02) define the environmental baseline as the past and present impacts 
of all Federal, State, or private actions and other human activities in the action area.  Also 
included in the environmental baseline are the anticipated impacts of all proposed Federal projects 
in the action area that have undergone section 7 consultation, and the impacts of State and private 
actions which are contemporaneous with the consultation in progress. 
 
The proposed project is located 0.8 kilometer (km) [0.5 mile (mi)] north of the international 
border, 2.9 km (1.8 mi) east of I-805, and a matter of feet south of Otay Mesa Boulevard.  The 
Handler property is located within the City of San Diego’s Multiple Species Conservation Plan 
area with a connectivity corridor or designated Multiple Habitat Planning Area located in the 
northeastern corner of the property. 
 
The 18-ha (45-ac) Handler property consists primarily of non-native annual grassland.  Within the 
grassland habitat, 22 vernal pools have been identified (Helix 2003).  All of the vernal pools, 
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except for one, are located in the southeastern quarter of the property.  The lone vernal pool not in 
the southeastern quarter is located within the haul road alignment along the northwestern property 
line.  San Diego fairy shrimp historically occurred in vernal pool complexes throughout the 
Otay Mesa ecosystem which is part of the San Diego:  Southern Coastal Mesa Management Area 
identified in the Vernal Pool Recovery Plan (Service 1998).  Many of these vernal pool complexes 
have been developed, converted to agriculture, and/or degraded by off-highway vehicle (OHV) 
use.  The Recovery Plan (Service 1998) identifies several vernal pool complexes on Otay Mesa.  
The vernal pool in the haul road on the Handler property is not identified in the Recovery Plan, 
and it occurs to the north of the J14 complex identified in the plan. 
 
Attributed to the disturbed nature of the habitat on site, minimal vernal pool flora is present, 
however, in 1998 a few scattered patches of wooly marbles (Psilocarphus brevissimus) were 
observed in the vernal pool in the haul road (Helix 2007).  Dry season fairy shrimp surveys of the 
vernal pool in 2007 detected two Branchinecta sp. cysts that are likely San Diego fairy shrimp 
cysts (Helix 2007).  The vernal pool in the haul road is currently subject to continual degradation 
primarily due to vehicle traffic and is of low conservation value, as evidenced by the lack of 
vernal pool flora and low fairy shrimp cyst density. 
 
EFFECTS OF THE ACTION 
 
Effects of the action refer to the direct and indirect effects of an action on the species or critical 
habitat that will be added to the environmental baseline, along with the effects of other activities 
that are interrelated and interdependent with that action.  Interrelated actions are those that are part 
of a larger action and depend on the larger action for their justification.  Interdependent actions are 
those that have no independent utility apart from the action under consideration.  Indirect effects 
are those that are caused by the proposed action and are later in time, but are still reasonably 
certain to occur. 
 
Construction of the haul road on the Handler property for the SR-905 project will grade and fill 
one vernal pool [0.004 ha (0.011 ac)] occupied by San Diego fairy shrimp.  Loss of the vernal pool 
and its 0.077 ha (0.19 ac) watershed will be offset by restoring 0.013 ha (0.033 ac) of vernal pool 
habitat occupied by the San Diego fairy shrimp and 0.77 ha (1.9 ac) of vernal pool watershed at 
the Caltrans-owned Dennery Canyon restoration site (aka Wall-Hudson) north of the Handler 
property on Otay Mesa.  The additional restoration has already been initiated as part of the 
ongoing vernal pool restoration to offset impacts to San Diego and Riverside fairy shrimp 
addressed in the original SR-905 biological opinion. 
 
Because the San Diego fairy shrimp occupied vernal pool to be impacted is isolated, disturbed and 
immediately adjacent to Otay Mesa Road, it has low long-term conservation value.  Soil 
containing fairy shrimp cysts will not be salvaged from this vernal pool because of the low cyst 
density in the pool and the restoration pools have already been inoculated with San Diego fairy 
shrimp cysts.  The Recovery Plan does not acknowledge this vernal pool nor identify it as 
necessary for the stabilization and/or downlisting of San Diego fairy shrimp. 
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Project implementation is not expected to result in indirect effects to the other vernal pools in the 
area as the potential for unintentional fill and/or runoff entering these pools is unlikely to occur 
from 0.4 km (0.25 mi) away and has been addressed in the original biological opinion.  All 
measures incorporated into the original biological opinion apply to this reinitiation and will be 
followed during project construction and operation. 
 
The status of San Diego fairy shrimp has remained unchanged from the time of listing (Service 
2008).  This project will not change that determination.  The overall acreage of impacts is small 
relative to the overall habitat available for San Diego fairy shrimp rangewide and the quality of 
the pool is poor.  Loss of the individual fairy shrimp and cyst bank within this one pool is not 
expected to result in an appreciable reduction in the number, reproduction, or distribution of the 
San Diego fairy shrimp range-wide.  We expect the proposed preservation and/or restoration to 
adequately offset this small impact and to support recovery of the San Diego fairy shrimp. 
 
CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, Tribal, local or private actions that are 
reasonably certain to occur in the action area considered in this biological opinion.  Future Federal 
actions that are unrelated to the proposed action are not considered in this section because they 
require separate consultation pursuant to section 7 of the Act. 
 
The Service is not aware of any future actions that may result in cumulative effects to the 
San Diego fairy shrimp in the action area of this project. 
 
CONCLUSION 
 
After reviewing the current status of the San Diego fairy shrimp, the environmental baseline for 
the action area, the direct and indirect effects of the proposed action, and the cumulative effects, it 
is our opinion that the action, as proposed, is not likely to jeopardize the continued existence of 
the San Diego fairy shrimp.  We reached this conclusion by considering the following: 
 
1. The loss of one degraded vernal pool and the individual San Diego fairy shrimp and cyst bank 

it supports is not expected to appreciably reduce the long-term viability of this species.  The 
loss of approximately 0.004 ha (0.011 ac) of vernal pool habitat and 0.077 ha (0.19 ac) of 
vernal pool watershed is not significant given the extent of habitat remaining over the range of 
the San Diego fairy shrimp.  The vernal pool to be impacted is of low long-term conservation 
value. 

 
2. Impacts to San Diego fairy shrimp habitat will be offset through the preservation and/or 

restoration of a greater area of habitat at a location that is expected to be of higher long-term 
conservation value. 
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3. Implementation of a perpetual maintenance and monitoring plan for the preserved and restored 
San Diego fairy shrimp habitat will ensure that quality habitat for the San Diego fairy shrimp 
is available over the long-term thus supporting recovery of the species. 

 
INCIDENTAL TAKE STATEMENT 

 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take of 
endangered and threatened species, respectively, without special exemption.  Take is defined as to 
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, collect, or to attempt to engage in any 
such conduct.  Harm is further defined by the Service to include significant habitat modification or 
degradation that results in death or injury to listed species by significantly impairing essential 
behavior patterns, including breeding, feeding, or sheltering.  Harass is defined by the Service as 
intentional or negligent actions that create the likelihood of injury to listed species to such an 
extent as to significantly disrupt normal behavior patterns which include, but are not limited to, 
breeding, feeding, or sheltering.  Incidental take is defined as take that is incidental to, and not the 
purpose of, the carrying out of an otherwise lawful activity.  Under the terms of section 7(b)(4) 
and 7(o)(2), taking that is incidental to and not intended as part of the agency action is not 
considered to be prohibited taking under the Act provided that such taking is in compliance with 
the terms and conditions of this Incidental Take Statement. 
 
AMOUNT OR EXTENT OF TAKE 
 
The reproductive success of San Diego fairy shrimp is dependent on seasonal fluctuations in their 
habitat, such as presence or absence of water during specific times of the year, duration of 
inundation, and other environmental factors that likely include specific salinity, conductivity, 
dissolved solids, and pH levels.  Therefore, the population of San Diego fairy shrimp within any 
pool varies dramatically and can include both adult shrimp and the cyst bank of the pool.  The 
Service is unable to quantify the precise number of San Diego fairy shrimp and cysts that will be 
killed by the proposed action because the population size within the vernal pool is unknown and 
difficult to estimate due to the dynamic conditions associated with San Diego fairy shrimp habitat.  
The level of incidental take of fairy shrimp is thus provided in terms of habitat impacts as follows: 
 

• San Diego fairy shrimp and cysts within the one vernal pool to be impacted will be taken 
in the form of direct mortality by grading and filling activities; the take threshold will be 
exceeded if any areas supporting San Diego fairy shrimp outside the 0.004 ha (0.011 ac) of 
vernal pool habitat and 0.077 ha (0.19 ac) of vernal pool watershed are impacted. 

 
EFFECT OF TAKE 
 
In the accompanying biological opinion, the Service determined that this level of anticipated take 
is not likely to result in jeopardy to San Diego fairy shrimp. 
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