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GEOTECHNICAL INVESTIGATION 

1. PURPOSE AND SCOPE 

This report presents the results of a geotechnical investigation performed for the proposed TL6975 – 

San Marcos – Escondido transmission line project in San Diego County, California (see Vicinity 

Map, Figure 1). The purpose of the geotechnical investigation is to evaluate the surface and 

subsurface geologic conditions, construction conditions along the project alignment, and to provide 

recommendations regarding the geotechnical aspects of constructing the proposed improvements. 

The scope of our geotechnical consulting included reviewing readily available published and 

unpublished geologic literature, reviewing the previously performed geotechnical investigation, field 

exploration, laboratory testing, engineering analyses, and preparing this report. The review also 

included previous geotechnical explorations along the project alignment by Geocon and/or others to 

aid in evaluating geotechnical conditions. 

We performed a field investigation on June 26, 27, and 28, 2017 that included drilling 8 small 

diameter exploratory borings to a maximum depth of approximately 54 feet. The boring logs and 

other details of the field investigation are presented in Appendix A. The approximate locations of the 

current borings and applicable previous explorations are depicted on the Site Plans/Geologic Maps, 

Figures 2 through 13. We tested selected soil samples obtained during the field investigation to 

evaluate pertinent physical and chemical properties for engineering analyses and to assist in 

providing recommendations for the proposed overhead and underground improvements. Details of 

the laboratory tests and a summary of the test results are presented in Appendix B.  

Selected previous exploration logs by Geocon and other consultants are included in Appendix C. The 

current project plans and As-Graded Geologic Maps of the previously graded pads are included in 

Appendix D.  

The recommendations presented in this report are based on an analysis of the data collected during 

the current and previous investigation of nearby site, and our experience with similar soil and 

geologic conditions. 

2. SITE AND PROJECT DESCRIPTION 

The final project plans regarding the proposed TL6975 improvements are being prepared therefore 

are not available to Geocon Incorporated at this time. In general, the project consists of three 

segments in San Diego County, California (see Vicinity Map, Figure 1). For the purposes of this 

report, these three segments may be referred to as the west, north, and the east. 
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The west segment is located along approximately 3.1 miles of transmission line easement of San 

Diego Gas and Electric (SDG&E) in the City of San Marcos. This segment runs parallel to the 

existing TL13825/13811 where geotechnical investigations and engineering services during the wood 

to steel replacement were performed by Geocon Incorporated several years ago. Specifically, this 

segment begins at Palomar Airport Road and trends approximately 3.1 miles to the southeast and 

terminates just north of San Elijo Road. Topographically, this alignment consists of ridges and 

valleys that are accessed from various gated entrances along the SDG&E and local utility easements. 

The surrounding terrain is rugged and covered by dense chaparral. We understand that approximately 

19 poles will be installed along the project alignment. 

The north segment consists of supplemental overhead and underground improvements. The total 

supplemental overhead and underground alignment extends approximately 3.3 miles in the City of 

San Marcos. The proposed overhead improvements are generally located within the transmission line 

easement of San Diego Gas and Electric (SDG&E) and consist of 12 foundation poles that may 

include drilled, cast-in-place reinforced concrete piers, which will vary from 4 to 10 feet in diameter 

and 20 to 50 feet in depth. The proposed underground improvements generally consist of 69 kV 

vaults that are to be constructed along West San Marcos Boulevard and Discovery Street. The 

majority of the proposed vaults will be installed within 10 feet of existing grade using cut-and-cover 

trenching methods, and a segment of the vaults beneath San Marcos Creek channel will be installed 

using trenchless construction method with horizontal directional drilling. 

The east segment is located at the northern terminus of the existing transmission lines to the Palomar 

Power Plant in Escondido, where two new poles will be installed in the southern portion of the 

existing Palomar Power Plant. Geocon Incorporated previously performed geotechnical investigation 

for the transmission lines of Palomar Power Plant. 

We understand that the proposed monopole foundations may include drilled, cast-in-place reinforced 

concrete piers, which will vary in diameter and depth depending on the prevailing rock and soil 

conditions but are generally on the order of 4 to 10 feet in diameter and 20 to 50 feet in depth. In 

addition, new pads with retaining walls will also be constructed for three of the pole foundations.  

Tables 2.1 through 2.5 list the proposed poles, pads and associated retaining walls, and the 

supplemental overhead and underground improvements. The locations of proposed improvements are 

shown on Figures 2 through 13, Site Plans/Geologic Maps. The preliminary plans for the pads of 

proposed Poles Z100268, Z100273, and Z100274 are also included in Appendix D of this the report.  
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TABLE 2.1 
SUMMARY OF PROPOSED POLES – WEST SEGMENT 

Pole No. Latitude Longitude Approx. El. (ft) 

Z100267 33.1305393 -117.2305889 494.4 

Z100268 33.12730476 -117.228504 420.5 

Z100269 33.12487651 -117.2269082 528.6 

Z100270 33.12311502 -117.2257499 717.1 

Z100271 33.12227056 -117.2251951 727.1 

Z100272 33.1214068 -117.2246291 691.9 

Z100273 33.11509428 -117.2204825 716 

Z100274 33.1131924 -117.2192398 769.1 

Z100275 33.11200336 -117.2184652 807.7 

Z100276 33.11060528 -117.2175433 696.4 

Z100277 33.10683497 -117.2150703 482.8 

Z100278 33.10266668 -117.2123461 532.7 

Z100279 33.10165278 -117.211678 571.2 

Z100280 33.09995827 -117.2105642 568.4 

Z100281 33.09840371 -117.2095428 570.7 

Z100282 33.09722056 -117.2087525 572 

Z100283 33.09492527 -117.2070219 481.3 

Z100284 33.09488748 -117.204039 537.4 

P254291 33.09483995 -117.2038099 535.7 

 

TABLE 2.2 
SUMMARY OF PROPOSED PADS AND RETAINING WALLS – WEST SEGMENT 

Pad No. Latitude Longitude 
Approx. Pad El. 

(ft) 
Max. Wall Height and 

Length (ft) 

Z100268, #2 33.127305 -117.228504 424 14 and 148 

Z100273, #8 33.115094 -117.220483 728 18 and 156 

Z100274, #9 33.113192 -117.219240 772 17 and 158 
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TABLE 2.3 
SUMMARY OF PROPOSED SUPPLEMENTAL OVERHEAD – NORTH SEGMENT 

Item Structure Latitude Longitude 

1 Z114456 33.1308 -117.2306 

2 Z114455 33.1311 -117.2296 

3 Z114448 33.1314 -117.2208 

4 Z114441 33.1313 -117.2126 

5 Z815952 33.1313 -117.2111 

6 Z815956 33.1320 -117.2102 

7 Z815955 33.1314 -117.2089 

8 Z815945 33.1312 -117.2079 

9 Z817834 33.1312 -117.2009 

10 Z10567 33.1306 -117.2007 

11 Z114429 33.1290 -117.1987 

12 Z519522 33.1285 -117.1978 

 

TABLE 2.4 
SUMMARY OF PROPOSED UNDERGROUND – NORTH SEGMENT 

Item Structure From Station To Station 

1 Vault (cut-and-cover trenching) 11+84 105+34 

2 Vault (horizontal directional drilling) 105+34 115+10 

3 Vault (cut-and-cover trenching) 115+10 118+90 

 

TABLE 2.5 
SUMMARY OF PROPOSED POLES – EAST SEGMENT 

Pole No. Latitude Longitude Approx. El. (ft) 

Z257431 33.12495294 -117.1169552 691.2 

Z257432 33.12497716 -117.1165838 683 

 

The site description and proposed improvements are based on a site reconnaissance, and the available 

topographic maps and project plans. If final improvement plans differ from those described herein, 

Geocon Incorporated should be contacted for review of the plans and possible revisions to this report, 

especially with regard to changes in final grade of the top of the pole foundation. 



 

Project No. G1818-52-24 - 5 - September 12, 2017 

3. CURRENT AND PREVIOUS INVESTIGATIONS 

In general, the geotechnical data for the subject project is based on a combination of the previous 

explorations along the project alignment and the current exploration where previous explorations are 

not applicable. 

The geotechnical data along the north segment was documented by our report titled: Geotechnical 

Investigation, TL6975–San Marcos–Escondido, Supplemental Overhead and Underground, BRADY 

Project: SDGEC1.078.000, San Marcos, California, prepared by Geocon Incorporated, dated: August 

9, 2017 (Project No. G1818-52-24).  

Tables 3.1 and 3.2 list the proposed improvements along the north segment and their adjacent 

geotechnical explorations for overhead and underground, respectively. The approximate locations are 

shown on Figures 9 through 13, Site Plans/Geologic Maps. The logs of current explorations and 

associated results of laboratory testing are included in Appendices A and B, respectively. Selected 

logs of previous explorations by others are included in Appendix C. The current project plans for the 

underground improvements are included in Appendix D.  

TABLE 3.1 
PROPOSED OVERHEAD AND ADJACENT EXPLORATIONS – NORTH SEGMENT 

Item Structure Longitude Longitude Adjacent Exploration 

1 Z114456 33.1308 -117.2306 B1 

2 Z114455 33.1311 -117.2296 B1 

3 Z114448 33.1314 -117.2208 B10 

4 Z114441 33.1313 -117.2126 B9 

5 Z815952 33.1313 -117.2111 B2 

6 Z815956 33.1320 -117.2102 B3 

7 Z815955 33.1314 -117.2089 SDCWA (2015) B-1 

8 Z815945 33.1312 -117.2079 SDCWA (2015) B-1 

9 Z817834 33.1312 -117.2009 B5 

10 Z10567 33.1306 -117.2007 B5 

11 Z114429 33.1290 -117.1987 B7 

12 Z519522 33.1285 -117.1978 Substation (2008) B-1, B-2, B-3 

SDCWA = San Diego County Water Authority, Carlsbad 6 FAF 
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TABLE 3.2 
PROPOSED UNDERGROUND AND ADJACENT EXPLORATIONS – NORTH SEGMENT 

Item Structure 
From 

Station 
To 

Station 
Adjacent Exploration* 

1 
Vault (cut-and-
cover trenching) 

11+84 105+34 

B1, B10, B3, B5 
07349-42-10; 07590-22-17; G1734-52-01; 07528-22-01; 
03342-01-01; SDCWA (2015); 03299-02-03; 03726-01-
01; 07732-42-01 to 06; G1000-32-01A; G1331-01-01; 

G3658-01-01; 04868-31-01; 03747-01-01; 07523-22-01 

2 
Vault (horizontal 

directional 
drilling) 

105+34 115+10 B5, B6, B7 

3 
Vault (cut-and-
cover trenching) 

115+10 118+90 B6, B7, Substation (2008)  

*Current and previous by Geocon and by others. 

The geotechnical data along the west and east segments was documented in our report titled: 

Geotechnical Investigation, TL6975–San Marcos–Escondido, San Diego County, California, 

prepared by Geocon Incorporated, dated April 18, 2016 (Revised May 6, 2016, Project No. G1818-

52-24), and Geotechnical Consultation – Addendum No.1, TL6975-San Marcos-Escondido, San 

Diego County, California, prepared by Geocon incorporated, dated August 15, 2016 (Project No. 

G1818-52-24). We further reviewed the following documents that include the previous geotechnical 

investigations and engineering services performed for the adjacent TL13825/13811 Shadowridge to 

Meadowlark Junction project and the Palomar Transmission Lines project: 

1. Geotechnical Investigation, TL 13825/13811 Shadowridge to Meadowlark Junction, Vista 
and San Marcos, California, prepared by Geocon Incorporated, dated January 7, 2008 
(Project No. 07590-22-25). 

2. Geotechnical Design Criteria for Segmental (Geosynthetic Reinforced) Retaining Walls, 
TL 13825/13811 Shadowridge to Meadowlark Junction, Vista and San Marcos, California, 
prepared by Geocon Incorporated, dated July 25, 2008 (Project No. 07590-22-25). 

3. Retaining Wall Plan Review, TL 13825/13811 Shadowridge to Meadowlark Junction, Vista 
and San Marcos, California, prepared by Geocon Incorporated, dated October 15, 2008 
(Project No. 07590-22-25). 

4. Consultation, TL 13825/13811 Shadowridge to Meadowlark Junction, Vista and San Marcos, 
California, prepared by Geocon Incorporated, dated July 7, 2009 (Project No. 07590-22-25). 

5. Final Report of Testing and Observation Services Performed during Site Grading, TL 13825/ 
13811 Shadowridge Substation to Meadowlark Junction, Vista and San Marcos, California, 
prepared by Geocon Incorporated, dated November 18, 2009 (Project No. 07590-22-25A). 

6. Update:  MFAD Parameters, TL 13825/13811 Shadowridge to Meadowlark Junction, Vista 
and San Marcos, California, prepared by Geocon Incorporated, dated November 19, 2009 
(Project No. 07590-22-25A). 
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7. Addendum, Geotechnical Investigation: Design Parameter for New Pole Location (SP-860), 
TL 13825/13811 Shadowridge to Meadowlark Junction, Vista and San Marcos, California, 
prepared by Geocon Incorporated, dated March 2, 2010 (Project No. 07590-22-25A). 

8. Foundation Design Parameters, Palomar Power Transmission Line, S.S.A. 56600009769, 
Escondido, California, prepared by Geocon Incorporated, dated September 20, 2004 (Project 
No. 07050-22-15B). 

9. Supplemental Foundation Design Parameters for SP-627, Palomar Power Transmission 
Line, S.S.A. 56600009769, Escondido, California, prepared by Geocon Incorporated, dated 
October 21, 2004 (Project No. 07050-22-15B). 

Tables 3.3, 3.4 and 3.5 list the summary of the proposed improvements together with the adjacent 

explorations and engineering services we performed previously along the west and east segments. In 

general, there are four (4) geotechnical hollow-stem auger borings (B-1, B-5 through B-7); ten (10) air-

track borings (AT-1 through AT-3, AT-5, AT-6, AT-8, AT-9, and AT-11 through AT-13); and two (2) 

rock coring borings (C-1 and C-3). In addition, we performed geotechnical engineering services during 

the grading of eleven (11) pads and the construction of three (3) associated retaining walls. The 

approximate locations of previous explorations are depicted on Figures 2 through 8, Site Plans/Geologic 

Maps. The logs of selected previous explorations and the As-Graded Maps of the pads and retaining 

walls are included in Appendices C and D of this report, respectively. 

TABLE 3.3 
PROPOSED POLES AND ADJACENT PREVIOUS EXPLORATIONS AND GRADED PADS - 

WEST SEGMENT 

Pole No. Adjacent Previous Exploration Adjacent Graded Pad 

Z100267 B-5 119756 

Z100268 B-5, B-6  

Z100269 B-6  

Z100270 AT-9 119759 

Z100271 AT-8/C-1 119760 

Z100272 AT-8/C-1  

Z100273 AT-13 119762 

Z100274 AT-12 119763 

Z100275 AT-12  

Z100276 AT-11 119765 

Z100277 AT-6 119766 

Z100278 AT-1/C-2  

Z100279 AT-1/C-2  

Z100280 AT-2 119769 

Z100281 AT-2 119770 

Z100282 AT-3 119771 

Z100283 AT-5/B-7 119773 

Z100284 AT-5/B-7  

P254291 AT-5/B-7  
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TABLE 3.4 
PROPOSED PADS AND ADJACENT PREVIOUS EXPLORATIONS AND GRADED PADS – WEST 

SEGMENT 

Pole No. Adjacent Previous Exploration Adjacent Graded Pad 

Z100268, #2 B-5, B-6  

Z100273,  #8 AT-13 119762 

Z100274, #9 AT-12 119763 

 

 

TABLE 3.5 
PROPOSED POLES AND ADJACENT PREVIOUS EXPLORATIONS – EAST SEGMENT 

Pole No. Adjacent Previous Exploration 

Z257431 B-1 

Z257432 B-1 

 

 

We previously performed laboratory tests on selected soil samples in accordance with generally 

accepted test methods of the American Society for Testing and Materials (ASTM) or other suggested 

procedures. We tested selected samples for the in-place moisture, dry density, direct shear strength, 

and compaction characteristics. In addition, selected rock samples were tested for their unconfined 

compressive strengths. The results of the in-place moisture and dry density tests are shown on the 

previous boring logs in Appendix C. Other results of the previous laboratory tests are summarized in 

Tables 3.6, 3.7, and 3.8 below. 

TABLE 3.6 
SUMMARY OF PREVIOUS LABORATORY MAXIMUM DRY DENSITY 

AND OPTIMUM MOISTURE CONTENT TEST RESULTS 
ASTM D 1557-02 

Sample No. Description 
Maximum  

Dry Density (pcf) 
Optimum Moisture 
Content (% dry wt.) 

B6-6a Yellowish brown, Clayey, fine SAND 125.9 10.1 
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TABLE 3.7 
SUMMARY OF PREVIOUS LABORATORY DIRECT SHEAR TEST RESULTS 

ASTM D 3080-03 

Sample No. 
Dry Density 

(pcf) 

Moisture Content %) Ultimate 
Unit Cohesion 

(psf) 

Ultimate 
Angle of Shear 

Resistance (degrees) Before Test After Test 

B5-3 110.9 13.7 18.2 1200 26 

B6-7 109.2 11.1 20.9 450 15 

B7-6 118.5 14.8 21.2 1050 20 

 

TABLE 3.8 
SUMMARY OF PREVIOUS UNCONFINED COMPRESSION TEST RESULTS 

ASTM D 2166 (2938) 

Sample No. Description 
Unconfined Compression 

Strength (psi) 
Density (pcf) 

C1-1 Moderately Weathered Granodiorite 23,010 163.0 

C3-1 Slightly Weathered Granodiorite 37,860 162.9 

C4-1 Weathered Granodiorite 14,810 163.0 

C5-1 Slightly Weathered Granodiorite 34,970 165.5 

Sample C1-1 was obtained from Boring C-1 at 5½ feet. 
Sample C3-1 was obtained from rocks exposed at the vicinity of AT-3. 
Sample C4-1 was obtained from rocks exposed at the vicinity of AT-1. 
Sample C5-1 was obtained from rocks exposed at the vicinity of AT-11. 

4. FAULTING AND SEISMICITY AND OTHER HAZARDS 

According to the computer program EZ-FRISK (Version 7.65), 9 known active faults are located 

within a search radius of 50 miles from the project site. We used the 2008 USGS fault database that 

provides several models and combinations of fault data to evaluate the fault information. Based on 

this database, the nearest known active fault is the Newport-Inglewood/Rose Canyon Faults, located 

approximately 9 miles west of the site and is the dominant source of potential ground motion. 

Earthquakes that might occur on the Newport-Inglewood/Rose Canyon Faults or other faults within 

the southern California and northern Baja California area are potential generators of significant 

ground motion at the site. The estimated deterministic maximum earthquake magnitude and peak 

ground acceleration for the Newport-Inglewood/Rose Canyon Faults are 7.5 and 0.28g, respectively. 

Table 4.1 lists the estimated maximum earthquake magnitude and peak ground acceleration for the 

most dominant faults in relationship to the site location. We calculated peak ground acceleration 

(PGA) using Boore-Atkinson (2008) NGA USGS2008, Campbell-Bozorgnia (2008) NGA USGS, 

and Chiou-Youngs (2007) NGA USGS2008 acceleration-attenuation relationships. 
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TABLE 4.1 
DETERMINISTIC SEISMIC SITE PARAMETERS 

Fault Name 
Distance 
from Site 

(miles) 

Maximum 
Earthquake 
Magnitude 

(Mw) 

Peak Ground Acceleration 

Boore-
Atkinson 
2008 (g) 

Campbell-
Bozorgnia 
2008 (g) 

Chiou-
Youngs 
2008 (g) 

Newport-Inglewood 9 7.5 0.25 0.22 0.28 

Rose Canyon 9 6.9 0.21 0.20 0.22 

Elsinore 20 7.9 0.19 0.14 0.18 

Coronado Bank 24 7.4 0.14 0.10 0.11 

Palos Verdes Connected 24 7.7 0.16 0.11 0.14 

Earthquake Valley 37 6.8 0.07 0.06 0.05 

Palos Verdes 41 7.3 0.08 0.06 0.06 

San Joaquin Hills 41 7.1 0.08 0.09 0.08 

San Jacinto 45 7.9 0.10 0.07 0.09 

 
We used the computer program EZ-FRISK to perform a probabilistic seismic hazard analysis. The 

computer program EZ-FRISK operates under the assumption that the occurrence rate of earthquakes 

on each mapped Quaternary fault is proportional to the faults slip rate. The program accounts for 

earthquake magnitude as a function of fault rupture length, and site acceleration estimates are made 

using the earthquake magnitude and distance from the site to the rupture zone. The program also 

accounts for uncertainty in each of following: (1) earthquake magnitude, (2) rupture length for a 

given magnitude, (3) location of the rupture zone, (4) maximum possible magnitude of a given 

earthquake, and (5) acceleration at the site from a given earthquake along each fault. By calculating 

the expected accelerations from considered earthquake sources, the program calculates the total 

average annual expected number of occurrences of site acceleration greater than a specified value. 

We utilized acceleration-attenuation relationships suggested by Boore-Atkinson (2008) NGA USGS 

2008, Campbell-Bozorgnia (2008) NGA USGS 2008, and Chiou-Youngs (2007) USGS2008 in the 

analysis. Table 4.2 presents the site-specific probabilistic seismic hazard parameters including 

acceleration-attenuation relationships and the probability of exceedence. 

TABLE 4.2 
PROBABILISTIC SEISMIC HAZARD PARAMETERS 

Probability of Exceedence  

Peak Ground Acceleration  

Boore-Atkinson, 
2008 (g) 

Campbell-Bozorgnia,  
2008 (g) 

Chiou-Youngs,  
2008 (g) 

2% in a 50 Year Period 0.41 0.39 0.44 

5% in a 50 Year Period 0.30 0.29 0.31 

10% in a 50 Year Period 0.23 0.22 0.23 
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While listing peak accelerations is useful for comparison of potential effects of fault activity in a region, 

other considerations are important in seismic design, including the frequency and duration of motion and 

the soil conditions underlying the site. Seismic design of the structures should be evaluated in accordance 

with the California Building Code (CBC) and other currently adopted City of San Diego codes.  

Except for the potential liquefaction in loose saturated alluvium and/or flooding associated with San 

Marcos Creek, other geologic and geotechnical hazards such as landslide, erosion, debris flows, rock 

falls, subsidence, and seismic related conditions such as fault rupture, lateral spreading, seiches, and 

tsunamis are considered non-applicable for the proposed improvements. 

5. SOIL AND GEOLOGIC CONDITIONS 

Along the west segment in the City of San Marcos, the proposed poles are underlain by topsoil 

(residual soil), Santiago Formation, and Granodiorite. The topsoil (residual soil) consists primarily of 

silty, fine- to coarse-grained sand with up to 15 percent gravel and occasional cobble-size rock 

fragments. The top few inches has typically high organic contents due to vegetative growth. The 

Eocene-age Santiago Formation, consists of dense, massive, yellowish brown to gray, silty, fine to 

coarse sandstones with interbeds of hard, greenish-gray to brown claystones and siltstones. Gravel, 

cobble and boulders are common in this unit. The Cretaceous-age granodiorite is at various stages of 

weathering and possesses a medium- to coarse-grained phaneritic texture with corestones interspersed 

within the formational unit. Granitic rock generally excavates to silty, fine- to coarse-grained sand 

with rock fragments and the generated soil typically exhibits low expansion potential and adequate 

shear strength when compacted.  

The proposed pole sites along the east segment in the City of Escondido are underlain by topsoil and 

granitic rock. Alluvium was also encountered in the previous Boring B-7 that is located near the 

proposed Pole Z100283 but outside the project alignment. However, alluvium is not likely to be 

encountered at the proposed Pole Z100283 where granitic rock was encountered in the adjacent air-

track boring AT-5.  

The north segment is generally underlain by undocumented fill, topsoil, young alluvium, and 

Santiago Formation. The occurrence and distribution of the units are presented on the boring logs 

in Appendix A. The surficial soil types and geologic units are described below in order of 

increasing age.  

5.1 Undocumented Fill (Qudf) 

We encountered undocumented fill within 6 of 8 boring drilled during the current investigation. The 

undocumented fill generally consists of loose to dense silty sand and clayey sand. The fill was likely 
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placed during original roadway construction and improvements. Since we have not been able to 

review engineering reports pertaining to fill placement, the fill is considered undocumented. 

5.2 Topsoil 

We encountered topsoil within Borings B5 and B6 with a thickness of approximately 3 to 4 feet. The 

topsoil is composed of soft sandy clay and loose clayey sand. Silty sand with gravel and occasional 

cobbles were also encountered in topsoil within our previous explorations along the project 

alignment. 

5.3 Young Alluvium (Qya) 

Young alluvium was observed beneath the topsoil or undocumented fill within Borings B5, B6, and 

B7. The young alluvium generally consists of loose to dense, silty sand.  

5.4 Santiago Formation (Tsa) 

The Santiago Formation encountered in our borings generally consists of dense to very dense, 

massive, silty sandstone and clayey sandstone. Gravel, cobbles, and boulders are common in this unit. 

5.5 Granodiorite (Kgr) 

The Cretaceous-age granodiorite encountered within our previous explorations along the project 

alignment is at various stages of weathering and possesses a medium- to coarse-grained phaneritic 

texture with corestones interspersed within the formational unit. Granitic rock generally excavates to 

silty, fine- to coarse-grained sand with rock fragments and the generated soil typically exhibits low 

expansion potential and adequate shear strength when compacted. 

6. GROUNDWATER 

We encountered groundwater during our previous investigation within air-track boring AT-7 at 

approximately 20 feet below the existing ground surface. We further encountered groundwater in 

current Borings B5, B6, and B7 at depths of 4 to 8 feet below existing grade, or approximate 

elevations of 510 feet above Mean Sea Level (MSL). Cut-and-cover trenching above this elevation 

are generally not expected to encounter groundwater if constructed during the dry season; however, it 

is not uncommon for groundwater or seepage conditions to develop where none previously existed.  

Groundwater elevations are dependent on seasonal precipitation; irrigation, land use, among other 

factors, and vary as a result. If groundwater accumulates in the excavation it should be pumped out 

prior to the installation of the underground vaults and piers. 
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7. RECOMMENDATIONS FOR FOUNDATION POLES 

For foundations with drilled pier, a generalized subsurface soil profile has been developed for the 

area surrounding pole foundation based on the data obtained from our current and previous 

explorations. Soil layers have been categorized by depth below the existing grade and assigned soil 

parameters that may be utilized with the MFAD computer program used by SDG&E for pier 

foundation design.  

Tables 7.1 through 7.12 summarize the average total unit weight, cohesive strength, angle of internal 

friction, deformation modulus, and strength reduction factors assigned to the soil layers beneath the 

proposed pole sites along the north segment. Similar parameters for the proposed poles along the west 

and east segments are summarized in Tables 7.13 through 7.33. The parameters presented herein are 

based on nearby explorations and experience and testing of similar materials. We have assumed that 

except for the three proposed pads, the existing grade will not be changed significantly. If the 

finalized improvements are different from those currently proposed, Geocon Incorporated should be 

contacted for further evaluation. 

TABLE 7.1 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z114456) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 8 Undocumented Fill 250 31 110 16 122 2.5 1.0 

8 to 20+ Santiago Formation 550 30 121 7 133 4.0 1.0 

Note:  Data based on Boring B1. 

TABLE 7.2 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z114455) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 8 Undocumented Fill 250 31 110 16 122 2.5 1.0 

8 to 20+ Santiago Formation 550 30 121 7 133 4.0 1.0 

Note:  Data based on Boring B1. 
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TABLE 7.3 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z114448) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 2 Undocumented Fill 250 31 110 16 122 2.5 1.0 

2 to 20+ Santiago Formation 650 26 130 17 133 4.0 1.0 

Note:  Data based on Boring B10. 

TABLE 7.4 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z114441) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 6 Undocumented Fill 250 31 110 16 122 2.5 1.0 

6 to 20+ Santiago Formation 850 27 130 15 133 4.0 1.0 

Note:  Data based on Boring B9. 

TABLE 7.5 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z815952) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 14 Undocumented Fill 350 32 115 11 128 2.5 1.0 

14 to 20+ Santiago Formation 1,100 28 130 19 132 4.0 1.0 

Note:  Data based on Boring B2. 

TABLE 7.6 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z815956) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 6 Undocumented Fill 250 31 110 16 122 2.5 1.0 

6 to 20+ Santiago Formation 670 35 130 14 135 4.0 1.0 

Note:  Data based on Boring B3. 
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TABLE 7.7 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z815955) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 6 Fill 250 31 123 18 128 2.5 1.0 

6 to 30+ Santiago Formation 670 35 127 14 133 4.0 1.0 

Note:  Data based on SDCWA Boring B-1 (2015). 

TABLE 7.8 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z815945) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 6 Fill 250 31 123 18 128 2.5 1.0 

6 to 30+ Santiago Formation 670 35 127 14 133 4.0 1.0 

Note:  Data based on SDCWA Boring B-1 (2015). 

TABLE 7.9 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z817834) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 4 Topsoil 150 25 116 16 125 0.5 1.0 

4 to 14 Young Alluvium 1,000 17 127 16 131 1.2 0.8 

14 to 42+ Santiago Formation 700 33 133 16 134 4.0 1.0 

Note:  Data based on Boring B5. 

TABLE 7.10 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z10567) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 4 Topsoil 150 25 116 16 125 0.5 1.0 

4 to 14 Young Alluvium 1,000 17 127 16 131 1.2 0.8 

14 to 42+ Santiago Formation 700 33 133 16 134 4.0 1.0 

Note:  Data based on Boring B5. 
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TABLE 7.11 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z114429) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20 Undocumented Fill 300 26 124 22 127 1.0 1.0 

20 to 29 Undocumented Fill 390 39 123 20 127 2.0 0.9 

29 to 41+ Young Alluvium 800 26 125 20 128 3.5 1.0 

Note:  Data based on Boring B7. 

TABLE 7.12 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z519522) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 8 Artificial Fill 200 38 131 6 140 1.5 0.9 

8 to 17+ Alluvium 720 20 129 23 131 0.4 1.0 

Note:  Data based on Substation Borings B-1, B-2 (2008) and B3 (1991). 

TABLE 7.13 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100267) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Santiago Formation 1,200 25 126 14 132 4.0 1.0 

Note:  Data based on previous Borings B-5 and the as-built pad for Pole 119756. 

TABLE 7.14 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100268) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 5 Compacted Fill 200 30 125 14 131 2.0 1.0 

5 to 25+ Santiago Formation 1,200 25 126 14 132 4.0 1.0 

Note:  Data based on previous Borings B-5, B-6, and the proposed new pad. 
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TABLE 7.15 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100269) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Santiago Formation 1,200 25 127 20 129 6.0 1.0 

Note:  Data based on previous Borings B-6. 

TABLE 7.16 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100270) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 4 
Weathered 

Granodiorite 
70,000 0 150 2 155 20.0 0.5 

4 to 20+ Hard Granodiorite 130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-9 and the as-built pad for Pole 119759. 

TABLE 7.17 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100271) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 4 
Residual Silty Sand 

Soil 
300 35 130 8 138 2.0 1.0 

4 to 20+ 
Hard Granodiorite 

Rock 
130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-8, Rock Coring C-1, and the as-built pad for Pole 119760. 

TABLE 7.18 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100272) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 4 
Residual Silty Sand 

Soil 
300 35 130 8 138 2.0 1.0 

4 to 20+ 
Hard Granodiorite 

Rock 
130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-8 and the Rock Coring C-1. 
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TABLE 7.19 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100273) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 6 Compacted Fill 200 32 130 8 138 2.0 0.0 

6 to 12 Compacted Fill 200 32 130 8 138 2.0 1.0 

12 to 16 
Residual Silty Sand 

Soil 
300 35 150 8 138 2.0 1.0 

16 to 32+ Hard Granodiorite 70,000 0 163 2 155 20.0 0.5 

Note:  Data based on previous Air-Track AT-13, as-built pad for Pole 119762, and the proposed new pad. 
Strength within the upper 6 feet of fill is deducted due to close distance of proposed slope.  

TABLE 7.20 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100274) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 3 Compacted Fill 200 30 126 9 135 2.0 1.0 

3 to 23+ Hard Granodiorite 130,000 0 127 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-12, as-built pad for Pole 119763, and the proposed new pad. 

TABLE 7.21 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100275) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Hard Granodiorite 130,000 0 127 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-12. 

TABLE 7.22 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100276) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Hard Granodiorite 130,000 0 123 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-11 and the as-built pad for Pole 119765. 
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TABLE 7.23 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100277) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 6 
Weathered 

Granodiorite 
70,000 0 121 2 155 20.0 0.5 

6 to 20+ Hard Granodiorite 130,000 0 126 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-6 and the as-built pad for Pole 119766. 

TABLE 7.24 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100278) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 12 
Weathered 

Granodiorite 
70,000 0 126 2 155 20.0 0.5 

12 to 20+ Hard Granodiorite 130,000 0 127 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-1 and the Rock Coring C-2. 

TABLE 7.25 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100279) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 12 
Weathered 

Granodiorite 
70,000 0 126 2 155 20.0 0.5 

12 to 20+ Hard Granodiorite 130,000 0 127 1 163 50.0 0.5 

Note: Data based on previous Air-Track AT-1 and the Rock Coring C-2. 
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TABLE 7.26 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100280) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 5 
Weathered 

Granodiorite 
70,000 0 150 2 155 20.0 0.5 

5 to 20+ Hard Granodiorite 130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-2 and the as-built pad for Pole 119769. 

TABLE 7.27 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100281) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 5 
Weathered 

Granodiorite 
70,000 0 150 2 155 20.0 0.5 

5 to 20+ Hard Granodiorite 130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-2 and the as-built pad for Pole 119770. 

TABLE 7.28 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100282) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Hard Granodiorite 130,000 0 120 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-3 and the as-built pad for Pole 119771. 

TABLE 7.29 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100283) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Hard Granodiorite 130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-5, Boring B-7, and the as-built pad for Pole 119773. 
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TABLE 7.30 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z100284) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Hard Granodiorite 130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-5 and Boring B-7. 

TABLE 7.31 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (P254291) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 to 20+ Hard Granodiorite 130,000 0 163 1 163 50.0 0.5 

Note:  Data based on previous Air-Track AT-5 and Boring B-7. 

TABLE 7.32 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z257431) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 – 4 
Topsoil – Very Dense 
Clayey Sand 

500 35 126 9.6 135 3.0 1.0 

4+ 
Decomposed Granitic 
Rock 

600 39 133 9.6 139 8.0 0.9 

Note: Data based on previous Boring B-1. 

TABLE 7.33 
RECOMMENDED SOIL PARAMETERS FOR PIER FOUNDATION DESIGN (Z257432) 

Depth (feet) 
Soil 

Type 

Unit  
Cohesion 

c 
(psf) 

Friction 
Angle  

(degrees) 

Total 
Moist Unit  
Weight  

(pcf) 

Moisture 
Content 

(%) 

Total  
Saturated 

Unit  
Weight  

(pcf) 

Deformation 
Modulus Ep 

(ksi) 

Strength 
Reduction Factor 

0 – 4 
Topsoil – Very Dense 
Clayey Sand 

500 35 126 9.6 135 3.0 1.0 

4+ 
Decomposed Granitic 
Rock 

600 39 133 9.6 139 8.0 0.9 

Note:  Data based on previous Boring B-1. 
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We expect that the surficial soil deposits can be excavated with light to moderate effort using 

conventional heavy-duty drilling/grading equipment. A moderate to very heavy effort is anticipated 

for excavations within the Santiago Formation and weathered Granodiorite (rippable). Blasting, rock 

breaking or rock coring will be required if excavations are to extend into the less weathered, fresh 

Granodiorite rock (marginal to non-rippable). The pier contractor should have auger, core barrels, and 

excavating tools suitable for penetrating dense and hard layers, boulders, concretions, and cemented 

zones on-site during the pier construction. 

Table 7.34 summarizes the excavation characteristics at each power pole location based on the results 

of the field investigations. Rock rippability is a function of natural weathering processes that can be 

variable and change vertically and horizontally over short distances depending on jointing, fracturing, 

and/or mineralogic discontinuities within the bedrock. With this in mind and the fact that the 

boreholes were often shifted away from the proposed pole locations due to accessibility constraints, 

the interpretation prescribed herein may not accurately represent the actual subsurface conditions for 

the foundations of the individual poles. In addition, rippable materials often contain a substantial 

amount of “oversize” corestone boulders that would likely require special handling. 

The rock rippability in Table 7.34 was estimated based on the difficulty of coring using the CME 75 

hollow-stem drill rig. If the hollow-stem auger could be advanced, the soil/rock is considered 

rippable. Where coring was performed and the RQD values are less than 50 percent, the rock has 

been considered rippable to marginally rippable. If the RQD values are greater than 50 percent, the 

rock has been considered non-rippable. For air-track boring, a frequently used guideline to equate 

rock rippability to drill penetration rate is as follows; a penetration rate of approximately 0 to 20 

seconds per foot (spf) generally indicates rippable material, 20 to 30 spf marginally to nonrippable 

material, and greater than 30 spf nonrippable rock. These general guidelines are typically based on 

drill rates using a rotary percussion drill rig similar to that used for our investigation. 

TABLE 7.34 
EXCAVATION CHARACTERISTICS 

Pole No. 
Depth 
(feet) 

Boring 
No. 

Soil Type Rippability Reference 

Z114456 0 – 20 B1 
Undocumented Fill (8’±) 
over Santiago Formation 

Rippable Hollow Stem 

Z114455 0 – 20 B1 
Undocumented Fill (8’±) 
over Santiago Formation 

Rippable Hollow Stem 

Z114448 0 – 20 B10 
Undocumented Fill (2’±) 
over Santiago Formation 

Rippable Hollow Stem 

Z114441 0 – 20 B9 
Undocumented Fill (6’±) 
over Santiago Formation 

Rippable Hollow Stem 
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TABLE 7.34 (CONTINUED) 
EXCAVATION CHARACTERISTICS 

Pole No. 
Depth 
(feet) 

Boring 
No. 

Soil Type Rippability Reference 

Z815952 0 – 20 B2 
Undocumented Fill (14’±) 
over Santiago Formation 

Rippable Hollow Stem 

Z815956 0 – 20 B3 
Undocumented Fill (6’±) 
over Santiago Formation 

Rippable Hollow Stem 

Z815955 0 – 30 SDCWA 
B-1 

Fill (6’±) over Santiago 
Formation 

Rippable Hollow Stem 

Z815945 0 – 30 SDCWA 
B-1 

Fill (6’±) over Santiago 
Formation 

Rippable Hollow Stem 

Z817834 0 – 42 B5 
Topsoil (4’±) and Young 

Alluvium (10’±) over 
Santiago Formation 

Rippable Hollow Stem 

Z10567 0 – 42 B5 
Topsoil (4’±) and Young 

Alluvium (10’±) over 
Santiago Formation 

Rippable Hollow Stem 

Z114429 0 – 41 B7 
Undocumented Fill (29’±) 

over Young Alluvium 
Rippable Hollow Stem 

Z519522 0 – 17 
Substation 
B-1, B-2 
and B-3 

Artificial Fill (8’±) over 
Alluvium 

Rippable Hollow Stem 

Z100267 0 – 20 
Previous 

B-5 
Santiago Formation Rippable Hollow Stem 

Z100268 0 – 25 
Previous 
B-5, B-6 

New Fill (5’±) over Santiago 
Formation 

Rippable Hollow Stem 

Z100269 0 – 20 
Previous 

B-6 
Santiago Formation Rippable Hollow Stem 

Z100270 

0 – 4 
Previous 

AT-9 
Weathered Granodiorite Rippable Air Track 

2 – 20 
Previous 

AT-9 
Hard Granodiorite Non-rippable Air Track 

Z100271 

0 – 4 
Previous 

AT-8, C-1 
Residual Silty Sand Soil Rippable Air Track 

4 - 20 
Previous 

AT-8, C-1 
Hard Granodiorite Rock Non-rippable 

Air Track – 
Rock Coring 

Z100272 

0 – 4 
Previous 

AT-8, C-1 
Residual Silty Sand Soil Rippable Air Track 

4 - 20 
Previous 

AT-8, C-1 
Hard Granodiorite Rock Non-rippable 

Air Track – 
Rock Coring 

Z100273 

0 – 16 
Previous 
AT-13 

New Fill (12’±) over 
Residual Silty Sand Soil 

Rippable Air Track 

16 – 32 Previous 
AT-13 

Hard Granodiorite 
Non-Rippable Air Track 
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TABLE 7.34 (CONCLUDED) 
EXCAVATION CHARACTERISTICS 

Pole No. 
Depth 
(feet) 

Boring 
No. 

Soil Type Rippability Reference 

Z100274 0 – 23 
Previous 
AT-12 

New Fill (3’±) over  
Hard Granodiorite 

Non-Rippable Air Track 

Z100275 0 – 20 
Previous 
AT-12 

Hard Granodiorite Non-Rippable Air Track 

Z100276 0 – 20 
Previous 
AT-11 

Hard Granodiorite Non-Rippable Air Track 

Z100277 

0 – 6 
Previous 

AT-6 
Weathered Granodiorite Rippable Air Track 

6 – 20 
Previous 

AT-6 
Hard Granodiorite Non-Rippable Air Track 

Z100278 

0 – 12 
Previous 

AT-1, C-2 
Weathered Granodiorite Rippable 

Air Track – 
Rock Coring 

12 - 20 Previous 
AT-1, C-2 

Hard Granodiorite 
Non-Rippable Air Track – 

Rock Coring 

Z100279 

0 – 12 
Previous 

AT-1, C-2 
Weathered Granodiorite Rippable 

Air Track – 
Rock Coring 

12 - 20 Previous 
AT-1, C-2 

Hard Granodiorite 
Non-Rippable Air Track – 

Rock Coring 

Z100280 

0 – 5 Previous 
AT-2 

Weathered Granodiorite 
Rippable Air Track 

5 – 20 Previous 
AT-2 

Hard Granodiorite 
Non-Rippable Air Track 

Z100281 

0 – 5 Previous 
AT-2 

Weathered Granodiorite 
Rippable Air Track 

5 – 20 Previous 
AT-2 

Hard Granodiorite 
Non-Rippable Air Track 

Z100282 0 - 20 
Previous 

AT-3 
Hard Granodiorite Non-Rippable Air Track 

Z100283 0 - 20 
Previous 

AT-5 
Hard Granodiorite Non-Rippable Air Track 

Z100284 0 - 20 
Previous 

AT-5 
Hard Granodiorite Non-Rippable Air Track 

P254291 0 - 20 
Previous 

AT-5 
Hard Granodiorite Non-Rippable Air Track 

Z257431 0 - 20 
Previous 

B-1 
Topsoil over  

Decomposed Granitic Rock 
Rippable Hollow Stem 

Z257432 0 - 20 
Previous 

B-1 
Topsoil over  

Decomposed Granitic Rock 
Rippable Hollow Stem 

 

Groundwater was encountered within the previous air-track boring AT-7 at approximately 20 feet 

below the existing ground surface, and in the current Borings B5, B6, and B7 at the approximately 
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elevation of 510 feet MSL. It is not uncommon for groundwater or seepage conditions to develop 

where none previously existed. Groundwater and/or seepage accumulating in drilled pier borings 

should be pumped out prior to placement of concrete. Sloughing or reveling could occur where 

relatively clean sands are encountered below the groundwater level or where loose soils are 

encountered. Therefore, casing and/or wet methods may be necessary to facilitate construction of 

proposed pier foundation extending below the groundwater table or into loose soil. 

8. RECOMMENDATIONS FOR TRENCHED UNDERGROUND 

8.1 Excavation and Soil Characteristics 

We expect that the undocumented fill, topsoil, and young alluvium along the proposed cut-and-cover 

trenching alignment within the north segment can be excavated with light to moderate effort using 

conventional heavy-duty excavation equipment. Moderate to very heavy effort should be expected 

within the Santiago Formation. 

We tested 3 on-site soil samples for expansion characteristics. The results indicate “very low” to 

“medium” expansion potential (Expansion Index of 90 or less) as defined by 2013 California 

Building Code (CBC) Section 1803.5.3. Table 8.1 presents soil classifications based on the expansion 

index. 

TABLE 8.1 
EXPANSION CLASSIFICATION BASED ON EXPANSION INDEX 

Expansion Index (EI) Expansion Classification 
2013 CBC  

Expansion Classification 

0 – 20 Very Low Non-Expansive 

21 – 50 Low 

Expansive 
51 – 90 Medium 

91 – 130 High 

Greater Than 130 Very High 

 

8.2 Temporary Slope and Excavation Support 

Temporary excavations should be made in conformance with OSHA requirements. On-site 

undocumented fill, topsoil, and young alluvium should be considered a Type B (Type C soil if 

seepage or groundwater is encountered) soil and Santiago Formation should be considered a Type A 

soil (Type B soil if seepage or groundwater is encountered) in accordance with OSHA requirements. 

In general, special shoring requirements will not be necessary if temporary excavations will be less 

than 5 feet in height. Temporary excavations greater than 5 feet in height, however, should be sloped 

back at an appropriate inclination according to OSHA requirements. These excavations should not be 
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allowed to become saturated or to dry out. Surcharge loads should not be permitted to a distance 

equal to the height of the excavation from the top of the excavation. The top of the excavation should 

be a minimum of 15 feet from the edge of existing improvements. Excavations steeper than those 

recommended or closer than 15 feet from an existing surface improvement should be shored in 

accordance with applicable OSHA codes and regulations. 

Temporary, unsupported cuts in undocumented fill, topsoil, and young alluvium should not be steeper 

than 1:1 (horizontal:vertical) up to 20 feet in height. Excavations in Santiago Formation can be made 

with slopes of ¾:1. Excavation slopes should be checked by an engineering geologist or geotechnical 

engineer to evaluate the existence of zones of weakness, groundwater seepage, or adversely oriented 

cracks that could form local areas of slope instability. Flatter slopes, shoring or safety shields will be 

needed in areas where sloughing, raveling or running is encountered. The contractor should be made 

aware of this potential and have the equipment available on site to flatten slopes or install shoring if 

necessary. Loose or easily erodible soils may be present locally and should be removed from the 

faces of excavation side slopes before personnel begin work below the slopes. 

Where a portable safety shield is used to protect workers, the side wall of the trench is not directly 

supported. Therefore, use of a shield generally should be limited to open areas to minimize the effects 

on adjacent improvements or settlement of the ground surface behind the shield. Shields should be 

sized to minimize clearance between trench and shield walls. Unsupported trenches should be 

backfilled immediately after removal of the shield. 

Temporary cantilevered shoring can be designed for an active soil pressure equivalent to the pressure 

exerted by a fluid density of 25 pcf. Temporary multi-braced shoring should be designed using a 

lateral pressure envelope acting uniformly on the back of the shoring and applying a pressure equal to 

16H, where H is the height of the shoring in feet (resulting pressure in pounds per square foot). Also, 

lateral earth pressure due to the surcharging effects of adjacent structures or traffic loads should be 

considered where appropriate during design of the shoring system. 

Passive soil pressure resistance for embedded portions of soldier piles can be estimated based on an 

equivalent fluid weight of 300 pounds per cubic foot (pcf). 

Lateral movement of shoring is associated with vertical ground settlement outside of the excavation. 

It is important that the shoring system allow limited amounts of lateral displacement. We recommend 

that horizontal movements of the shoring wall be accurately monitored and recorded during 

excavation if adjacent settlement sensitive improvements are present. 

Lagging should keep pace with excavation. We recommend that the excavation not be advanced 

deeper than 3 feet below the bottom of lagging at any time. These unlagged gaps of up to 3 feet 
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should only be allowed to stand for short periods of time in order to decrease the probability of soil 

sloughing and caving. Backfilling should be conducted when necessary between the back of lagging 

and excavation sidewalls to reduce sloughing in this zone. 

The condition of existing streets and other structures (if any) around the perimeter of the planned 

excavation should be documented prior to the start of shoring and excavation work. Special attention 

should be given to documenting existing cracks or other indications of differential settlement within 

these adjacent pavements and other improvements. 

8.3 Ground Control and Improvement 

It is important that the contractor be provided with complete soil, underground utility, and 

groundwater information so that appropriate equipment can be mobilized. In addition, providing 

adequate information before the project starts will be vital if claims for changed conditions are filed 

during construction. 

The contractor should monitor existing pavement areas and adjacent improvements for surface 

deflection (settlement or heave) during construction so that appropriate modification to the 

excavation and shoring system are implemented to minimize the surface deflection in a timely 

manner. 

In addition to existing surface improvements, other underground utilities may exist near and above 

the proposed vault. The actual depths and locations of some of these pipes may not be known 

accurately. The bedding for these pipes may also carry significant quantities of water. To reduce the 

settlement potential and avoid damaging adjacent pipelines (by undermining the pipe if the bedding 

material is encountered in the heading), the bedding material supporting the overlying pipe can be 

stabilized locally using cement grout from the ground surface. 

8.4 Bearing Capacity for Underground Vault 

Our test boring indicated that on-site soils generally have adequate bearing capacity for support of the 

proposed underground vault. We do not expect a significant increase in load over the present 

overburden. Consequently, vault settlement under static loading should be negligible. 

8.5 Dewatering 

Along the alignment of the proposed underground vault near and crossing San Marcos Creek, we 

encountered groundwater within the adjacent Borings B5, B6 and B7 at depths of approximately 4 to 

8 feet below the existing grade, or at the approximate elevation of 510 feet MSL. We understand that 

this segment of vault will be installed via horizontal directional drilling. Groundwater may not be 
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encountered if trenching is performed during the dry season and above the static groundwater level. 

However, if significant amounts of seepage are encountered during excavation, water should be 

pumped away to facilitate the installation of underground vaults. 

9. RECOMMENDATIONS FOR TRENCHLESS UNDERGROUND 

Based on the currently available project plans, approximately 976 lineal feet of the proposed 

underground conduit between approximately Stations 105+34 and 115+10 within the north segment 

will be installed using horizontal directional drilling (HDD). The invert elevations of the proposed 

HDD are at or above 481 feet MSL. Our recommendations regarding HDD are provided below: 

 The anticipated subsurface materials near the depth of the proposed HDD generally consist of 
undocumented fill (Qudf), young alluvium (Qya), and Santiago Formation (Tsa). 
Groundwater encountered in our borings is at approximately depths of 4 to 8 feet below the 
existing grade, or at approximate elevation of 510 feet MSL.  

 The undocumented fill generally consists of loose to medium dense clayey sand. The young 
alluvium generally consists of loose to dense silty sand. The Santiago Formation generally 
consists of dense to very dense, silty and clayey sandstone and sandy siltstone. The drilling 
equipment and drill fluid should be selected based on the anticipated subsurface conditions. 
Potential hazardous materials were not encountered in our borings.  

 The on-site young alluvial deposits below the groundwater level are susceptible to 
liquefaction, and a liquefaction induced settlement on the order of 4 inches may occur. 

 We did not observe any sinkholes on site during our field exploration. However, the potential 
for sinkhole exists if working within alluvium at shallow depth. The proper depth of HDD 
should be designed by the project engineer. For the minimum depth of cover, the scour 
potential as well as a minimum ratio of 10-to-1 for depth of cover to borehole diameter 
should be considered. 

 The installation methods and/or procedures should be selected by the drilling contractor. The 
drag force on pipe can be estimated based on the typical coefficients of friction of 0.5 for 
empty pipe and 0.3 for buoyant pipe. 

 Corrosion testing performed on one soil sample (B7-1) along the HDD alignment yields a 
resistivity of 1,500 ohm-cm, a pH of 7.2, a chloride content of 90 ppm, and a sulfate content 
of 30 ppm. The soil sample tested is not considered corrosive based on Caltrans criteria. 
Geocon Incorporated does not practice in the field of corrosion engineering. Therefore, 
further evaluation by a corrosion engineer may be performed if improvements susceptible to 
corrosion are planned. 

 The updated plans show several existing underground utilities. The proposed HDD should be 
planned to avoid any conflicts with the existing improvements, underground utilities, and/or 
other man-made obstructions.  
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10. RECOMMENDATIONS FOR RETAINING WALLS 

We understand that three individual pads with retaining walls up to 18 feet in height will be 

constructed for the proposed Poles Z100268, Z100273, and Z100274. Each of these sites will require 

import fill soils to achieve the proposed grads. The source of imported soil in not known at this point. 

The foundation material for these sites consists of Santiago Formation (Pole Z100268) or 

weathered/fractured granitic rock (Poles Z100273 and Z100274) that possesses relatively high shear 

strength in its natural state or when used as fill. We assume that the additional fill would come from 

similar materials. We further assume that the proposed retaining walls consist of segmental 

(geosynthetic reinforced) retaining walls similar to those retaining walls built along the 

TL13825/13811 alignment. Table 10.1 lists the recommended geotechnical parameters for the 

geosynthetic reinforced walls. 

TABLE 10.1 
GEOTECHNICAL PARAMETERS FOR GEOSYNTHETIC REINFORCED WALLS 

Parameter Reinforced Zone Retained Zone Foundation Zone 

Angle of Internal Friction 30 degrees 30 degrees 30 degrees 

Cohesion 0 psf 0 psf 0 psf 

Wet Unit Weight 125 pcf 125 pcf 125 pcf 

 

The imported soil should possess less than 35 percent passing sieve #200 and a maximum Plasticity 

Index (PI) of 20. Import materials should be subjected to laboratory testing to verify conformance 

with specified wall design parameters. Materials not meeting the minimum design parameters 

specified by the wall engineer should not be utilized.  

The above parameters assume that walls will be founded on native formational soils or properly 

compacted fill and a temporary backcut will be performed against the formational material or 

compacted fill. The foundation zone is the area where the footing is embedded; the reinforced zone is 

the area of the backfill that possesses the reinforcing fabric; and the retained zone is the area behind 

the reinforced zone. 

An allowable soil bearing pressure of 2,000 psf (pounds per square foot) should be used for 

foundation design. This bearing pressure assumes a minimum foundation width and depth of 

12 inches. 

Backfill materials within the reinforced zone should be compacted to a dry density of at least 

90 percent of the laboratory maximum dry density at or slightly above optimum moisture content in 
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accordance with ASTM D 1557. This is applicable to the entire embedment width of the geogrid 

reinforcement. 

Geosynthetic reinforcement must elongate to develop full tensile resistance. This elongation generally 

results in movement at the top of the wall. The amount of movement is dependent upon the height of 

the wall (e.g., higher walls rotate more) and the type of geogrid reinforcing used. In addition, over 

time geogrid has been known to exhibit creep (sometimes as much as 5 percent) and can undergo 

additional movement. Given this condition, the owner should be aware that structures and pavement 

placed within the reinforced and retained zones of the wall may undergo movement.  

We used the computer program U.S. Seismic Design Maps, provided by the USGS to evaluate the 

seismic design criteria. Tables 10.2, 10.3, and 10.4 summarize site-specific design criteria for each 

wall obtained from the 2013 California Building Code (CBC; Based on the 2012 International 

Building Code [IBC] and ASCE 7-10), Chapter 16 Structural Design, Section 1613 Earthquake 

Loads. The short spectral response uses a period of 0.2 second. The building structure and 

improvements should be designed using a Site Class C. We evaluated the Site Class based on the 

discussion in Section 1613.3.2 of the 2013 CBC and Table 20.3-1 of ASCE 7-10. The values 

presented in Tables 10.2, 10.3, and 10.4 are for the risk-targeted maximum considered earthquake 

(MCER). 

TABLE 10.2 
2013 CBC SEISMIC DESIGN PARAMETERS (Z100268 RW) 

Parameter Value 2013 CBC Reference 

Site Class C Section 1613.3.2 

MCER Ground Motion Spectral Response  
Acceleration – Class B (short), SS 

1.022g Figure 1613.3.1(1) 

MCER Ground Motion Spectral Response  
Acceleration – Class B (1 sec), S1 

0.398g Figure 1613.3.1(2) 

Site Coefficient, FA 1.000 Table 1613.3.3(1) 

Site Coefficient, FV 1.402 Table 1613.3.3(2) 

Site Class Modified MCER Spectral  
Response  Acceleration (short), SMS 

1.022g Section 1613.3.3 (Eqn 16-37) 

Site Class Modified MCER Spectral  
Response Acceleration (1 sec), SM1 

0.558g Section 1613.3.3 (Eqn 16-38) 

5% Damped Design Spectral  
Response Acceleration (short), SDS 

0.681g Section 1613.3.4 (Eqn 16-39) 

5% Damped Design Spectral  
Response Acceleration (1 sec), SD1 

0.372g Section 1613.3.4 (Eqn 16-40) 
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TABLE 10.3 
2013 CBC SEISMIC DESIGN PARAMETERS (Z100273 RW) 

Parameter Value 2013 CBC Reference 

Site Class C Section 1613.3.2 

MCER Ground Motion Spectral Response  
Acceleration – Class B (short), SS 

1.015g Figure 1613.3.1(1) 

MCER Ground Motion Spectral Response  
Acceleration – Class B (1 sec), S1 

0.396g Figure 1613.3.1(2) 

Site Coefficient, FA 1.000 Table 1613.3.3(1) 

Site Coefficient, FV 1.404 Table 1613.3.3(2) 

Site Class Modified MCER Spectral  
Response Acceleration (short), SMS 

1.015g Section 1613.3.3 (Eqn 16-37) 

Site Class Modified MCER Spectral  
Response Acceleration (1 sec), SM1 

0.556g Section 1613.3.3 (Eqn 16-38) 

5% Damped Design Spectral  
Response Acceleration (short), SDS 

0.677g Section 1613.3.4 (Eqn 16-39) 

5% Damped Design Spectral  
Response Acceleration (1 sec), SD1 

0.370g Section 1613.3.4 (Eqn 16-40) 

 
 

TABLE 10.4 
2013 CBC SEISMIC DESIGN PARAMETERS (Z100274 RW) 

Parameter Value 2013 CBC Reference 

Site Class C Section 1613.3.2 

MCER Ground Motion Spectral Response  
Acceleration – Class B (short), SS 

1.014g Figure 1613.3.1(1) 

MCER Ground Motion Spectral Response  
Acceleration – Class B (1 sec), S1 

0.395g Figure 1613.3.1(2) 

Site Coefficient, FA 1.000 Table 1613.3.3(1) 

Site Coefficient, FV 1.405 Table 1613.3.3(2) 

Site Class Modified MCER Spectral  
Response Acceleration (short), SMS 

1.014g Section 1613.3.3 (Eqn 16-37) 

Site Class Modified MCER Spectral  
Response Acceleration (1 sec), SM1 

0.555g Section 1613.3.3 (Eqn 16-38) 

5% Damped Design Spectral 
Response Acceleration (short), SDS 

0.676g Section 1613.3.4 (Eqn 16-39) 

5% Damped Design Spectral  
Response Acceleration (1 sec), SD1 

0.370g Section 1613.3.4 (Eqn 16-40) 

 
 
Tables 10.5, 10.6, and 10.7 present additional seismic design parameters for projects located in 

Seismic Design Categories of D through F in accordance with ASCE 7-10 for the mapped maximum 

considered geometric mean (MCEG). 
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TABLE 10.5 
2013 CBC SITE ACCELERATION DESIGN PARAMETERS (Z100268 RW) 

Parameter Value ASCE 7-10 Reference 

Mapped MCEG Peak Ground Acceleration, PGA 0.387g Figure 22-7 

Site Coefficient, FPGA 1.013 Table 11.8-1 

Site Class Modified MCEG Peak Ground Acceleration, PGAM 0.392g Section 11.8.3 (Eqn 11.8-1) 

 
 

TABLE 10.6 
2013 CBC SITE ACCELERATION DESIGN PARAMETERS (Z100273 RW) 

Parameter Value ASCE 7-10 Reference 

Mapped MCEG Peak Ground Acceleration, PGA 0.385g Figure 22-7 

Site Coefficient, FPGA 1.015 Table 11.8-1 

Site Class Modified MCEG Peak Ground Acceleration, PGAM 0.391g Section 11.8.3 (Eqn 11.8-1) 

 
 

TABLE 10.7 
2013 CBC SITE ACCELERATION DESIGN PARAMETERS (Z100274 RW) 

Parameter Value ASCE 7-10 Reference 

Mapped MCEG Peak Ground Acceleration, PGA 0.384g Figure 22-7 

Site Coefficient, FPGA 1.016 Table 11.8-1 

Site Class Modified MCEG Peak Ground Acceleration, PGAM 0.390g Section 11.8.3 (Eqn 11.8-1) 

 
 
Conformance to the criteria in Tables 10.2 through 10.7 for seismic design does not constitute any 

kind of guarantee or assurance that significant structural damage or ground failure will not occur if a 

large earthquake occurs. The primary goal of seismic design is to protect life, not to avoid all damage, 

since such design may be economically prohibitive. 

11. PLAN REVIEW 

We recommend that the final plans and specifications be reviewed by Geocon Incorporated to 

evaluate if the plans and details have been prepared in substantial conformance with the 

recommendations contained within this report. 
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LIMITATIONS AND UNIFORMITY OF CONDITIONS 

1. The recommendations of this report pertain only to the site investigated and are based upon 

the assumption that the soil conditions do not deviate from those disclosed in the 

investigation. If any variations or undesirable conditions are encountered during construction, 

or if the proposed construction will differ from that anticipated herein, Geocon Incorporated 

should be notified so that supplemental recommendations can be given. The evaluation or 

identification of the potential presence of hazardous or corrosive materials was not part of the 

scope of services provided by Geocon Incorporated. 

2. This report is issued with the understanding that it is the responsibility of the owner or his 

representative to ensure that the information and recommendations contained herein are 

brought to the attention of the architect and engineer for the project and incorporated into the 

plans, and that the necessary steps are taken to see that the contractor and subcontractors 

carry out such recommendations in the field. 

3. The findings of this report are valid as of the present date. However, changes in the 

conditions of a property can occur with the passage of time, whether due to natural processes 

or the works of man on this or adjacent properties. In addition, changes in applicable or 

appropriate standards may occur, whether they result from legislation or the broadening of 

knowledge. Accordingly, the findings of this report may be invalidated wholly or partially by 

changes outside our control. Therefore, this report is subject to review and should not be 

relied upon after a period of three years. 

4. The firm that performed the geotechnical investigation for the project should be retained to 

provide testing and observation services during construction to provide continuity of 

geotechnical interpretation and to check that the recommendations presented for geotechnical 

aspects of site development are incorporated during site grading, construction of 

improvements, and excavation of foundations. If another geotechnical firm is selected to 

perform the testing and observation services during construction operations, that firm should 

prepare a letter indicating their intent to assume the responsibilities of project geotechnical 

engineer of record. A copy of the letter should be provided to the regulatory agency for their 

records. In addition, that firm should provide revised recommendations concerning the 

geotechnical aspects of the proposed development, or a written acknowledgement of their 

concurrence with the recommendations presented in our report. They should also perform 

additional analyses deemed necessary to assume the role of Geotechnical Engineer of Record. 
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Project No. G1818-52-24  September 12, 2017 

APPENDIX A 

FIELD INVESTIGATION 

We performed our field investigation on June 26, 27 and 28, 2017, which consisted of a site 

reconnaissance, and drilling 8 exploratory borings to a maximum depth of approximately 54 feet 

below the existing ground surface using a high-torque drill rig equipped with 8-inch-diameter, 

hollow-stem-auger. The locations of the exploratory borings are shown on the Site Plan/Geologic 

Map, Figures 9, 10, and 11. Boring logs are presented on Figures A-1 through A-8 following the text 

in this appendix. We located the borings in the field using a measuring tape and existing reference 

points provided by the project civil engineer. Therefore, actual boring locations may deviate slightly. 

Elevations shown on the boring logs were estimated from a topographic map. 

We obtained samples during our boring excavations using a California split-spoon sampler or a 

Standard Penetration Test (SPT) sampler. Both samplers are composed of steel and are driven to 

obtain the soil samples. The California sampler has an inside diameter of 2.5 inches and an outside 

diameter of 2.875 inches. Up to 18 rings are placed inside the sampler that is 2.4 inches in diameter 

and 1 inch in height. The SPT sampler has an inside diameter of 1.5 inches and an outside diameter of 

2 inches. Ring samples at appropriate intervals were retained in moisture-tight containers and 

transported to the laboratory for testing. We also retained bulk samples from the borings for 

laboratory testing. The type of sample is noted on the exploratory boring logs. The samplers were 

driven 12 and 18 inches using the California and SPT samplers, respectively, into the bottom of the 

excavations with the use of a Cathead hammer and the use of A rods. The sampler is connected to the 

A rods and driven into the bottom of the excavation using a 140-pound hammer with a 30-inch drop. 

Blow counts are recorded for every 6 inches the sampler is driven. The penetration resistances shown 

on the boring logs are shown in terms of blows per foot. The values indicated on the boring logs are 

the sum of the last 12 inches of the sampler if driven 18 inches. If the sampler was not driven for 

18 inches, an approximate value is calculated in term of blows per foot or the final 6-inch interval is 

reported. These values are not to be taken as N-values, adjustments have not been applied. 

We visually examined, classified, and logged the soil encountered in the borings in general 

accordance with American Society for Testing and Materials (ASTM) practice for Description and 

Identification of Soils (Visual-Manual Procedure D 2488). The logs depict the soil and geologic 

conditions observed and the depth where we obtained samples. 



UNDOCUMENTED FILL (Qudf)
Medium dense, damp, yellowish brown, Silty, fine to medium SAND

-Moist

SANTIAGO FORMATION (Tsa)
Dense, damp, light gray, Silty, fine to medium SANDSTONE

-Moist

-Becomes medium dense, fine to coarse
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Backfilled with soil cuttings
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UNDOCUMENTED FILL (Qudf)
Medium dense, moist, yellowish brown, Silty, fine to medium SAND with
some clay

-Becomes very dense, pale yellow; high blow counts due to rock in shoe

-Becomes medium dense, yellowish brown, fine grained

SANTIAGO FORMATION (Tsa)
Dense, moist, olive, Silty, fine grained SANDSTONE

-Becomes very dense, moist, yellowish brown

BORING TERMINATED AT 19.5 FEET
Groundwater not encountered
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3.5" ASPHALT CONCRETE

UNDOCUMENTED FILL (Qudf)
Mediuim dense, moist, brown, Clayey, fine to coarse SAND

SANTIAGO FORMATION (Tsa)
Very dense, damp to moist, light grayish brown, Clayey, fine to medium
SANDSTONE

-Very difficult drilling

-Becomes fine to coarse

-Becomes dense, moist, light grayish brown to reddish brown

BORING TERMINATED AT 19.5 FEET
Groundwater not encountered
Backfilled with soil cuttings
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TOPSOIL
Soft, moist, dark brown, fine Sandy CLAY

YOUNG ALLUVIUM (Qya)
Medium dense, moist, light brown to light reddish brown, Silty, fine to
medium SAND

-Becomes wet, light brown, coarse grained

SANTIAGO FORMATION (Tsa)
Dense, moist, yellowish brown to pale yellow, Silty, fine- to medium-grained
SANDSTONE

-Becomes very dense, damp, coarse grained

-Becomes dense, finer grained
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-Becomes very dense, moist, light reddish brown, coarser grained

-Becomes yellowish brown

-Becomes olive, finer grained

BORING TERMINATED AT 42 FEET
Groundwater encountered at 4.5 feet

Backfilled with 14.6 ft³ of bentonite grout
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TOPSOIL
Loose, moist, dark brown, Clayey, fine SAND; trace roots

YOUNG ALLUVIUM (Qya)
Loose, saturated, gray, Silty, fine to medium SAND

-No recovery

-No recovery

-Loose, saturated, light bluish gray, fine to coarse SAND

SANTIAGO FORMATION (Tsa)
Very dense, moist, light olive to olive brown, Silty, fine- to coarse-grained
SANDSTONE

-Becomes dense, light olive gray, finer grained
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-Becomes very dense, wet, light olive brown, coarser grained

-Becomes moist, pale yellow

Dense, damp, dark bluish gray, fine Sandy SILTSTONE

Dense, damp, bluish gray, Silty, fine SANDSTONE

-Becomes very dense

BORING TERMINATED AT 54 FEET
Groundwater encountered at 4 feet

Backfilled with 18.8 ft³ of bentonite grout
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9" ASPHALT AND BASE

UNDOCUMENTED FILL (Qudf)
Loose, moist, dark brown, Clayey, fine to medium SAND

-Becomes wet

-Becomes saturated, brown, sandy clay pocket

-No recovery

-Becomes medium dense, silty

-Becomes wet, dark gray, finer grained

YOUNG ALLUVIUM (Qya)
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Dense, moist, light to medium gray, Silty, fine to medium SAND

-Becomes very dense, light gray, finer grained

-No recovery

BORING TERMINATED AT 41 FEET
Groundwater encountered at 8 feet

Backfilled with 14.3 ft³ of bentonite grout
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UNDOCUMENTED FILL (Qudf)
Medium dense, moist, dark brown to light brown, Clayey, fine to medium
SAND

SANTIAGO FORMATION (Tsa)
Very dense, moist, light grayish brown to reddish brown, Clayey, fine to
medium SANDSTONE

Dense, moist, light gray, Silty, fine to SANDSTONE

BORING TERMINATED AT 19.5 FEET
Groundwater not encountered
Backfilled with soil cuttings
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APPENDIX B 

LABORATORY TESTING 

We performed laboratory testing to evaluate the physical and mechanical properties of the soil and 

formational materials encountered at the site. We performed the laboratory tests in accordance with the 

current versions of the generally accepted American Society for Testing Materials (ASTM) procedures or 

other suggested procedures. We tested selected soil samples for their in-situ dry density and moisture 

content, shear strength, plasticity index, gradation, expansion index, maximum dry density and optimum 

moisture content, and corrosion potential. The results of our laboratory tests are presented in Tables B-I 

through B-VI and on Figure B-1. In addition, the in-situ dry density and moisture content are presented on 

the exploratory boring logs in Appendix A. 

TABLE B-I 
SUMMARY OF LABORATORY DIRECT SHEAR TEST RESULTS 

(ASTM D 3080) 

Sample 
No. 

Depth 
(feet) 

Geologic 
Unit 

Dry 
Density 

(pcf) 

Moisture Content (%) Peak 
[Ultimate1] 

Cohesion (psf) 

Peak [Ultimate1] 
Angle of Shear 

Resistance (degrees) Initial Final 

B1-2 5 Qudf 93.1 15.7 26.5 740 [680] 31 [31] 

B1-3 10 Tsa 116.9 10.9 15.6 570 [580] 43 [30] 

B1-4 15 Tsa 111.1 5.6 15.7 1120 [570] 30 [33] 

B1-5 18.5 Tsa 110.2 4.1 17.2 520 [440] 38 [36] 

B2-2 5 Qudf 103.9 11.1 19.5 380 [440] 36 [32] 

B2-4 15 Tsa 109.7 18.9 21.3 1080 [1240] 44 [28] 

B3-2 5 Tsa 116.7 17.3 20.9 1470 [980] 28 [31] 

B3-3 10 Tsa 107.5 12.6 20.0 670 [530] 35 [30] 

B3-4 15 Tsa 121.4 7.8 12.8 260 [520] 43 [35] 

B3-5 18.5 Tsa 113.4 16.8 18.5 690 [490] 41 [32] 

B5-2 5 Qya 116.8 15.6 18.1 1320 [1310] 17 [17] 

B5-4 15 Tsa 114.3 16.9 17.9 760 [290] 33 [34] 

B5-6 25 Tsa 112.0 15.7 18.2 1280 [530] 36 [32] 

B5-8 35 Tsa 116.2 15.5 16.7 830 [600] 43 [37] 

B6-7 25 Tsa 113.0 17.8 19.1 370 [270] 34 [34] 

B6-8 30 Tsa 114.4 16.6 16.5 700 [290] 41 [40] 

B7-2 5 Qudf 102.0 27.7 25.9 300 [300] 26 [26] 

B7-5 20 Qudf 111.2 22.6 20.9 390 [70] 41 [43] 

B7-7 30 Qudf 104.1 20.4 22.5 850 [770] 26 [25] 

B9-2 5 Tsa 118.1 13.0 15.1 840 [0] 39 [39] 

B9-3 10 Tsa 109.7 13.7 18.1 820 [900] 39 [26] 

B9-4 15 Tsa 108.9 18.1 19.7 950 [740] 32 [31] 
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TABLE B-I (Concluded) 
SUMMARY OF LABORATORY DIRECT SHEAR TEST RESULTS 

(ASTM D 3080) 

Sample 
No. 

Depth 
(feet) 

Geologic 
Unit 

Dry 
Density 

(pcf) 

Moisture Content (%) Peak 
[Ultimate1] 

Cohesion (psf) 

Peak [Ultimate1] 
Angle of Shear 

Resistance (degrees) Initial Final 

B9-5 18.5 Tsa 114.0 16.1 18.3 1600 [1200] 27 [24] 

B10-1 5 Tsa 108.0 16.7 25.1 90 [680] 49 [28] 

B10-2 10 Tsa 105.3 20.9 24.4 1530 [620] 21 [28] 

B10-3 15 Tsa 122.1 10.5 13.8 1140 [630] 29 [26] 

B10-4 18.5 Tsa 109.0 18.9 20.8 730 [650] 32 [25] 

1 Ultimate at end of test at 0.2-inch deflection. 

TABLE B-II 
SUMMARY OF LABORATORY PLASTICITY INDEX TEST RESULTS 

(ASTM D 4318) 

Sample 
No. 

Depth 
(feet) 

Geologic 
Unit 

Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

USCS Classification 

B5-3 10 Qya NP NP NP NP 

B6-5 15 Qya 26 19 7 CL 

B7-3 10 Qudf 30 21 9 CL 

NP = Non-Plastic 

TABLE B-III 
SUMMARY OF LABORATORY GRAIN SIZE DISTRIBUTION TEST RESULTS 

(ASTM D 422) 

Sample No. Depth (feet) % Gravel % Sand % Fines USCS Classification 

B5-3 10 0.0 72.0 28.0 SM 

B6-5 15 0.0 62.0 38.0 SC-SM 

B7-3 10 0.0 31.1 68.9 CL 

 

TABLE B-IV 
SUMMARY OF LABORATORY SOIL CORROSION TEST RESULTS 

(CALIFORNIA TEST NOS. 643, 417, AND 422) 

Sample No. Sample Depth 
Resistivity  

(ohm centimeters) 
pH 

Chloride 
Content (ppm) 

Sulfate 
Content (ppm) 

B7-1 2 1,500 7.2 90 30 

B9-1 0 480 7.6 430 1190 
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TABLE B-V 
SUMMARY OF LABORATORY MAXIMUM DRY DENSITY 
AND OPTIMUM MOISTURE CONTENT TEST RESULTS 

(ASTM D 1557) 

Sample 
No. 

Sample Depth 
(feet) 

Description 
Maximum Dry 
Density (pcf) 

Optimum 
Moisture Content  

(% dry wt.) 

B1-1 0 Yellowish brown, Silty SAND 123.0 11.7 

B3-1 0 Brown, Clayey SAND 130.6 8.4 

B5-1 1 Dark brown, Sandy CLAY 126.0 10.7 

B6-1 1 Dark brown, Clayey SAND 122.6 11.4 

 

TABLE B-VI 
SUMMARY OF LABORATORY EXPANSION INDEX TEST RESULTS 

(ASTM D 4829) 

Sample No. Sample Depth (feet) Expansion Index 

B3-1 0 3 

B5-1 1 68 

B6-1 1 18 
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CURRENT PROJECT PLANS AND AS-GRADED GEOLOGIC MAPS 
OF PREVIOUSLY GRADED PADS 
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