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INTRODUCTION 

San Diego Gas & Electric Company (SDG&E) filed a Proponent’s Environmental Assessment 
(PEA) as part of its application for a Certificate of Public Convenience and Necessity (CPCN) 
for the Sycamore to Penasquitos 230kV Transmission Line Project (Proposed Project) to the 
California Public Utilities Commission (CPUC) in April, 2014.  Subsequent to filing the PEA 
and publication of the Draft Environmental Impact Report (EIR) by the CPUC, minor project 
engineering and design refinements (Minor Design Refinements) were made to SDG&E’s 
Proposed Project. Additionally, SDG&E has performed a preliminary review of the alternatives 
analyzed in the DEIR and has included suggested refinements to those alternatives primarily for 
feasibility reasons.  These changes were the result of ongoing engineering, updated construction 
planning/sequencing, and new design specifications.  

OVERVIEW 

These minor changes are described in more detail under the Minor Design Refinements section of 
this attachment and are summarized below for Proposed Project and each DEIR alternative.  

Although the precise design, including number of new structures to be installed or existing 
structures to be modified may be further refined during final engineering, the Minor Design 
Refinements noted thus far include revisions to the Proposed Project, DEIR Alternative 3 (or 3/4 
Combination), and DEIR Alternative 5. The Minor Design Refinements are summarized below. 

Proposed Project Refinements 

 Refined civil engineering and work pad design. 
o Structures have undergone refined civil design.  

 Sycamore Canyon Substation 
o Revise 230kV Bay Connection Design.  

Alternative 3 (and 3/4 Combination) Refinements 

 Replacement of existing 138kV wood H-frame with new steel deadend H-frame 
approximately 10 feet south. 

 Cable Pole Refinement (Structure P19a) 
o Cable Pole P19a is proposed to be shifted one span length (450 feet) southeast, 

near Structure P19. 
 Cable Pole Refinement (Structure P43) 

o Cable Pole P43 is proposed to be shifted northeast (500 feet). 
 All applicable civil design changes noted for the Proposed Project would apply to 

Alternative 3 as well. Specifically, this would include changes at structures P1 through 
P18. 

Alternative 5 Refinements 

 Replacement of existing 138kV wood H-frame with new steel deadend H-frame 
approximately 10 feet south. 
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 Additional I-15 Crossing Options 
o Option 1 (preferred): Underground within existing Bridge over the I-15. 
o Option 2: Span I-15 solely via two cable poles. 

 Cable Pole Refinement (Structure CC MM CP) 
o Cable Pole CC MM CP is proposed to be shifted north (125 feet). 

 Potential installation of ADSS (communication cable) in an underbuild position instead 
of installing OPGW along the top of existing structures. 

 All applicable civil design changes noted for the Proposed Project would apply to 
Alternative 5 as well. Specifically this would include changes at structures P1 through 
P4. 

MINOR DESIGN REFINEMENTS 

Minor Proposed Project Refinements are described in detail below for each segment of the 
Proposed Project Alignment. 

Proposed Project 

As outlined above, Minor Design Refinements have been made to the Proposed Project, 
including the Sycamore Canyon Substation minor upgrades, and the civil design (grading) and 
permanent work pad design for the overhead structures on Segments A, B, and D.  These minor 
refinements are further described below. 

Civil Engineering and Grading for Work Pads 

The initial grading plan designs (and associated permanent and temporary work areas) were 
completed prior to acquiring more detailed site specific survey and before making additional 
field visits. Once the survey work was performed, a more complete package of the existing 
topographic conditions was developed. This allowed for the most efficient design for access to 
the new facilities. In addition, the draft grading plans have gone through technical review which 
has allowed for all parties (engineering, construction, maintenance, etc.) to comment on the 
layouts. These comments have been incorporated the updated designs described herein. The 
updated designs include minor refinements to previously identified access (spur roads), work 
pads, and retaining wall configurations.  Exhibit 1 contains the updated designs as part of an 
Updated Detailed Route Map for the Proposed Project and Exhibit 2 contains a map depicting 
the specific changes compared to the DEIR-level design.  The refined design described herein 
has resulted in a reduction in impacts to natural habitat of approximately 1 acre. As noted above, 
the civil design revisions would also apply to the Alternative 3, 4, 3/ 4 combniation, and 5 routes 
where these alternatives share structures within the Proposed Project design.  

Sycamore Canyon Substation 

At the Sycamore Canyon Substation, the original Proposed Project design included the two 
Suncrest Substation 230kV transmission lines (TL23054 and 23055) being relocated to Bay 22 
and the new SX-PQ 230kV line being connected to Bay 21.  Upon further review, this design 
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would result in an unacceptable reliability risk because the failure of the 22T circuit breaker 
would trip both of the Suncrest Substation 230kV transmission lines.  Therefore, SDG&E has 
refined the Sycamore Canyon Substation design element of the Proposed Project to include the 
relocation of the Bank 70 230kV conductors to Bay 22, and moving the TL23055 connection to 
Bay 23.  In addition, ongoing design review determined that the equipment in Bay 22 (two 
circuit breakers and six disconnects) needs to be upgraded to 3000 amps, consistent with the 
other bays in the Sycamore Canyon Substation. As with the original design for substation 
upgrades at the Sycamore Canyon Substation included within the DEIR, all work would occur 
within the substation fenceline with similar equipment as included within the DEIR. Exhibit 3 
(CONFIDENTIAL) contains a substation diagram depicting the Sycamore Canyon Substation 
Minor Design Revision. Because all of the Alternatives retained for consideration in the DEIR 
would terminate at the Sycamore Canyon Substation in a similar manner as the Proposed Project, 
the design revisions described above would be applicable to all of the alternatives. 

Peñasquitos Substation 

To date, no refinements to the Peñasquitos Substation design have been identified. 

DEIR Alternative 3 (Mercy Road) 

Cable Pole Shift for Structure P19a 

SDG&E suggests that the cable pole structure P19a be shifted one span east -southeast 
(approximately 450 feet) to improve constructability and transmission line design. Existing 
structure R21 would be replaced by a new steel deadend H-frame structure (P20A) located 
approximately 10 feet south of the existing structure location. Exhibit 4 contains a figure of the 
proposed design revision at cable pole structure P19a and Exhibit 5 contains detailed structure 
information (such as height). 

Cable Pole Shift for Structure P43 

SDG&E suggests that the cable pole structure P43a be shifted approximately 500 feet northeast 
in order to reduce the amount of civil work, and the overall number of structures in the 
Penasquitos Junction. The relocated P43a structure would replace an existing 138kV steel H-
frame structure. Exhibit 6 contains a figure of the proposed design revision at cable pole 
structure P43a and Exhibit 5 contains detailed structure information (such as height). 

DEIR Alternative 5 (Pomerado to Miramar North) 

Addition of Structure P06a 

Existing structure R6 (tangent, wood H-frame) would need to be replaced by a new steel deadend 
H-frame structure. The replacement structures are required because the existing structure cannot 
support the tension created from the installation of the Cable Pole at location P05. Exhibit 7 
contains a figure of the proposed design revision at cable pole structure P06a and Exhibit 5 
contains detailed structure information (such as height). 
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I-15 Crossing Options 

During additional review, design, and research into Caltrans practices, SDG&E has identified 
two potential revisions for the I-15 crossing that could result in less impacts and are considered 
more feasible due to the likelihood of timely approval from Caltrans. These options are described 
below and depicted in Exhibit 8: 

Option 1: Underground through existing bridge. Upon further research into the Pomerado Bridge 
crossing the I-15, it was determined that the bridge contains vacant cells that may be 
utilized for utility crossings. The utilization of the vacant cells will need to be assessed 
for structural adequacy and will ultimately need to be approved by Caltrans.  Although 
it is not typical for Caltrans to allow 230kV crossings through their bridges, a recent 
project by a neighboring utility had success in obtaining approval for the installation of 
230kV. Given the newly identified potential for installation of the new SX-PQ 230kV 
line within the existing bridge structure, SDG&E considers this design as the preferred 
option for crossing the I-15 under Alternative 5.  SDG&E suggests this crossing option 
be included within the Final EIR as the preferred I-15 crossing for Alternative 5.  The 
underground crossing through the bridge would result in less impacts to biological and 
visual resources than the current design within the DEIR. 

Option 2: Two cable pole structure crossing. After conducting additional preliminary engineering 
review of the potential overhead crossing of the I-15 freeway at Pomerado Road using 
publicly available LiDAR data, SDG&E has determined that the crossing is possible 
without the utilization of interset structures. SDG&E considers this design option 
preferable to the DEIR design as it results in two less new structures and could 
potentially result in no new structures within Caltrans ROW. By avoiding the 
placement of new structures within Caltrans ROW, the likelihood of obtaining timely 
Caltrans approval is increased. Exhibit 5 contains detailed structure information (such 
as height). 

Cable Pole Shift for Structure CC MM CP 

SDG&E suggests that the cable pole structure CC MM CP be shifted approximately 125 feet 
north in order to account for continuing changes in the area due to roadway construction. Exhibit 
9 contains a graphical depiction of the proposed design revision at cable pole structure CC MM 
CP. 

ADSS Underbuild Option 

As part of SDG&E’s review of the potential DEIR Alternative 5, SDG&E notes that the 
structural adequacy of the existing 230kV structures between Carol Canyon Road and the 
Penasquitos Substation needs to be further analyzed to confirm the existing structures can 
support the proposed new SX-PQ transmission line.   The existing double circuit structures are 
designed to support bundled 1033.5 KCMIL ACSR “Ortolan” conductor on both circuits which 
is larger than the proposed bundled 900 KCMIL ACSS for the new Transmission Line from 
Sycamore Substation to Peñasquitos Substation. However, these structures were designed to 
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carry an overhead shield wire much smaller than the proposed optical ground wire (OPGW) 
required for communication between the two Substations. These structures and foundations were 
originally designed in 1974. One option SDG&E is considering to address this concern is to 
install ADSS communication cable as an underbuild and leave the overhead shield wire as is. 
This would ensure that the structures would not be subject to increased loads from the OPGW 
level, but the required communication would still be provided by the ADSS underbuild. SDG&E 
is currently working on gathering detailed loading information to assess adequacy of the 
structures for the increased loads and ground clearance information to ensure the feasibility of 
installing the ADSS as underbuild. In order to complete the final assessment of the structure 
adequacy, field investigation may be required amongst other measures to confirm the feasibility 
of reusing the existing structures and foundations with proposed loads. 

DEIR Alternative 4 

Alternative 4 (partial 69kV underground) would have the same civil and grading revisions on 
Segment A as described above for the Proposed Project alignment. 

OTHER ENGINEERING AND REFINMENT DOCUMENTS 

SDG&E is also providing the following as part of detailed comments on the DEIR. 

 As referenced in the Comment No. 12, Exhibit 10 contains a figure depicting SDG&E 
comments on DEIR Alternative 1 (cable pole south of Carmel Valley Road). 

 As referenced in Comment No. 15, Exhibit 11 includes a figure of potential properties for 
staging yards along the Alternative 5 alignment. 

 As referenced in Comment Nos. 236, 237, and 238, Exhibit 12 contains the Completed 
Geotechnical Study prepared for the Proposed Project. 

 

 



 

 

 

 

 

EXHIBIT 1 

Updated Proposed Project Route Map 
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EXHIBIT 3 

Sycamore Canyon Substation Layout Update (CONFIDENTIAL) 

 

 

 

(Privileged and Confidential pursuant to P.U. Code 583, 454.5(g), GO 66-C and 
D.06-06-066) 
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EXHIBIT 5 

Structure Details for Suggested Design Revisions and DEIR Comments 

  



Structure Details for Suggested Design Revisions and DEIR Comments

Alternatives
Structure  
Number

X  Easting   (ft) Y  Northing   (ft)
Z Based on 
Grading

Final 
Structure 
Ht. Based 
on Grading

Description

P40 CP 6292065.057 1939856.356 688.50 210

Cable Pole immediately South of Carmel Valley Rd. Refer to Detailed Comment Table 
for additional information. Note that cable pole structures taller than 160 feet (such 
as P40 CP) would have a pole top diamter of 2‐3 feet, a pole base diamter of 7‐9 
feet, a foundation diameter of 12‐13 feet, and a voundation depth of 50 ‐ 60 feet.

P40A 6291852.868 1940364.673 729.133 70
Deadend H‐Frame with Distribution underbuild. Would replace existing tangent, 

wood H‐frame structure.

P19CP  6302790.593 1921604.652 678.28 165 Suggested Cable Pole shift one span South to replace P19.

P20A 6302278.277 1921743.93 665.46 70
New Steel deadend H‐Frame structure required to reaplce existing tangent wood H‐

frame structure approximately 10 feet back (south). 

P43 CP 6279675.649 1922809.679 272.22 165
Suggested new locatoin for PQ JCT Cable pole to replace an existing 138kV steel H‐

frame structure (Approximately 10 feet north). 

P06A 6317988.146 1916509.64 870.87 55
New Steel deadend H‐Frame structure required to reaplce existing tangent wood H‐

frame structure approximately 10 feet back.

I‐15 E CP 6296519.641 1906179.329 496.15 185

I‐15 W CP 6295450.553 1906377.615 503.6 185

CC MM CP 6269089.389 1904905.827 147.07 165
Carrol Canyon Cable Pole (CC MM CP) suggested relocation approximately 125 north 

based on field review by SDG&E. LiDAR data is outdated and does not consider 
developments being made by Caltrans in the vicinity.

Alt 1

Alternative I‐15 crossing Option. Cable poles tall enough to span I‐15 without the 
need for interset structures. The Heights were based on publicly available survey 
data and is not considered final. Based on the height and proximity of structures to 
Miramar these pole may require lighting and installation of marker balls on the span. 
Note that cable pole structures taller than 160 feet (such as the I‐15 crossing Cable 
Poles) would have a pole top diamter of 2‐3 feet, a pole base diamter of 7‐9 feet, a 

foundation diameter of 12‐13 feet, and a voundation depth of 50 ‐ 60 feet.

Alt 3

Alt 5
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EXHIBIT 7 

Alternative 5 H-Frame Replacement 
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Alternative 5 I-15 Crossing Revisions 

  





!(

!(
i15 W CP

i15 E CP

Sycamore to Peñasquitos
230kV Transmission Line

Project

SDG&E is provid ing  this m ap with the  und e rstand ing  that the  m ap
is not survey g rad e . Ce rtain te chnolog y use d  und e r lice nse  from
AT&T Inte llectual Prope rty I, L.P. Copyrig ht ©1998 – 2007 AT&T
Inte llectual Prope rty 1, L.P.  All Rig hts Re se rve d .

Se rvice Laye r Cre d its: Source : Esri, Dig italGlobe, Ge oEye , Earthstar
Ge og raphics, CNES/Airbus DS, USDA, USGS, AEX, Ge tm apping , Ae rog rid ,
IGN, IGP, swisstopo, and  the GIS Use r Com m unity
Conte nt m ay not re flect National Ge og raphic's curre nt m ap policy. Source s:
National Ge og raphic, Esri, DeLorm e, HERE, UNEP-WCMC, USGS, NASA,
ESA, METI, NRCAN, GEBCO, NOAA, incre m e nt P Corp.

0 200 400Fe e t

/

G:
\SD
GE
_S
X2
PQ
an
dT
L6
96
1\S
DG
E_
Su
nri
se
SX
2P
Q\
MX
D\
Alt
Re
loc
Po
leM
ap
.m
xd

!( DEIR Pole  Location
!( Relocate d  Pole Location

Impact
Revise d  Te m porary Work Space
Re vise d  Pe rm ane nt Im pact

Exhibit 8 - Alte rnative 5
I-15 Crossing  Revisions



 

 

 

 

EXHIBIT 9 

Alternative 5 CC MM CP Shift 
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EXHIBIT 10 

Alternative 1 Design Corrections/Comments 
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EXHIBIT 11 

Alternative 5 Potential Staging Yard Locations 

 

  



Sycamore to Peñaquitos
230kV Transmission Line

Project
Exhibit 11 - Alte rnative 5

Stag ing  Yard s

SDG&E is provid ing  this map with the  und e rstand ing  that the  map
is not survey g rad e . Ce rtain te chnolog y use d  und e r lice nse  from
AT&T Inte llectual Prope rty I, L.P. Copyrig ht ©1998 – 2007 AT&T
Inte llectual Prope rty 1, L.P.  All R ig hts R e se rve d .

Se rvice Laye r Cre d its: Source : Esri, Dig italGlobe, Ge oEye , Earthstar
Ge og raphics, CNES/Airbus DS, USDA, USGS, AEX, Ge tmapping , Ae rog rid ,
IGN, IGP, swisstopo, and  the GIS Use r Community
Conte nt may not re flect National Ge og raphic's curre nt map policy. Source s:
National Ge og raphic, Esri, DeLorme, HER E, UNEP-WCMC, USGS, NASA,
ESA, METI, NR CAN, GEBCO, NOAA, increme nt P Corp.

0 1,000 2,000
Fe e t

G:
\SD
GE
_S
X2
PQ
an
dT
L6
96
1\S
DG
E_
Su
nri
se
SX
2P
Q\
MX
D\
Alt
5_
Po
tSY
Ma
p.m
xd

Alte rnative 5 R oute
Pote ntial Stag ing  Yard
Hanson Ag g re g ate s Pacific Southwe st, Inc.
SE Combine d  Se rvice s of California, Inc.
Conrock Co.
CALMAT Prope rtie s Co.



 

 

 

 

EXHIBIT 12 

Geotechnical Study 



 

 

 

Geotechnical Study 
 

 

Sycamore to Penasquitos 

230kV Transmission Line 

San Diego County, California 
 

 

Prepared for: 

 

 
 

Attention: Mr. Kevin Mathey, PE 

 

 

 

 

 

 

 

Project No.: T-0126-G 

 

 

 

April 15, 2015 

 

 

TRINITY Geotechnical Engineering, Inc. 

13230 Evening Creek Drive, Suite 206 

San Diego, CA 92128 
 

 

 

 



 

TRINITY Geotechnical Engineering, Inc. 13230 Evening Creek Drive, Suite 206, San Diego, CA   (858) 486-2888 

 
 

 

Burns & McDonnell April 15, 2015 

4225 Executive Square Project No.: T-0126-G 

La Jolla, CA  92037 

   

  

Attention:  Mr. Kevin Mathey, PE 

  

Subject:  Geotechnical Study 

 

Project:  SDG&E 230kV Transmission Line 

  Sycamore to Penasquitos  

  San Diego County, California    

 

 

Dear Mr. Mathey: 

 

This report presents the results of the geotechnical study for the proposed Sycamore to Penasquitos 

230kV Transmission Line project.  The project begins at the Sycamore Substation located in Poway, 

California extending approximately 16.5 miles in total length to the Penasquitos Substation located to the 

west in the coastal region of San Diego, California.   The proposed project includes construction of 

approximately 13.8 miles of new 230 kV transmission line supported through a combination of forty-four 

(44) tubular steel pole structures, buried underground conduit and existing lattice tower structures.    

Additionally, the proposal includes the replacement of existing wood pole H-frame structures which 

support a 69 kV transmission line with eighteen (18) tubular steel pole structures.   The geotechnical 

parameters and recommendations presented herein are to be used for foundation design and construction 

consideration for the new engineered steel pole structures and for the underground portion of the project.  

We have also provided general grading recommendations for the pole access roads and maintenance pads 

that will likely be necessary to support the project; as well as, preliminary parameters for earth retention 

structures (i.e., retaining walls) planned to encompass some of the maintenance pads.  

The attached report includes the subsurface soil/rock conditions observed and inferred during our study, 

a review of available relevant geotechnical documents, and geotechnical engineering analyses.  It is our 

opinion that the site is suitable for the proposed improvements, provided recommendations and 

parameters contained in this report are incorporated during the design and construction of the proposed 

project.  Specific recommendations have been made in this report to address the varying subsurface 

conditions underlying representative pole sites requiring engineered foundations and / or underground 

installation of the new transmission line. 
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It is also recommended that the Design Engineer consider the information contained in Tables 4 to 6 in 

Section 8 of this report for the structural design of the steel pole foundations, as well as the development 

of the project plans and specifications. 

It is recommended that the forthcoming project plans and specifications, be reviewed by TRINITY 

Geotechnical Engineering (TGE) for consistency with our report prior to the bid process in order to avoid 

possible conflicts, misinterpretations, inadvertent omissions, etc.  It should also be noted that the 

applicability and final evaluation of recommendations presented herein are contingent upon construction 

phase field monitoring by TGE in light of the widely acknowledged importance of geotechnical 

consultant continuity through the various planning, design and construction stages of a project.  

TGE appreciates the opportunity to provide this geotechnical engineering service for this project and we 

look forward to continuing our role as your geotechnical engineering consultant. 

 

Respectfully submitted, 

TRINITY Geotechnical Engineering, Inc. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JM/DP/VO  

 

Distribution:     (1) Addressee, via email 
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1. INTRODUCTION 

This report provides the results of the geotechnical study conducted for the proposed 230 kV new 

transmission line which extends from the Sycamore Substation to the Penasquitos Substation. The report 

has been specifically prepared to provide geotechnical parameters in connection with the foundation 

design of a total of sixty two (62) proposed tubular steel pole structures and the underground installation 

of a portion of the new transmission line.  The alignment of the proposed project in relation to nearby 

streets and landmarks is shown on Figure 1, Vicinity Map.  The purpose of this study was to evaluate the 

subsurface conditions within the project site and to provide geotechnical recommendations for the design 

and construction of the proposed steel pole foundations as well as, preliminary recommendations for the 

appurtenant maintenance pads, access roads, and earth retention structures.  Subsurface considerations 

specific to the underground installation portion of the transmission line have also been addressed by this 

study.  This report summarizes the data collected and presents our findings, conclusions, and 

geotechnical design recommendations.  

This report has been prepared for the exclusive use of the client and their consultants in the design of the 

proposed project.  Contract requirements set forth by the project plans and specifications will supersede 

any general observations and all recommendations presented in this report. 

2. SCOPE OF SERVICES 

Our scope of services for this project included the following tasks: 

o Reviewed readily available background data, including in-house geotechnical data, geologic 

maps, topographic maps, and literature relevant to the subject project.   

o Performed site reconnaissance of select pole sites to observe the general surficial site conditions, 

check for accessibility, and to determine the exploratory boring and seismic refraction line 

locations.  

o Prepared a field exploration plan for submittal to SDG&E’s environmental division. 

o Coordinated with various environmental professionals/agencies having jurisdiction over the field 

exploration activities including biologists, archaeologists, and others. 

o Performed a field exploration program, including thirteen (13) seismic refraction lines and 

sixteen (16) exploratory borings, at the various steel pole and underground vault locations (see 

Figure Nos. 2 to 23 and Appendices A and B). 

o Performed laboratory testing on selected representative bulk and relatively undisturbed soil and 

weathered bedrock samples obtained during the field exploration program, to evaluate the 

geotechnical engineering and where appropriate, the thermal conductivity properties of these 

materials (see Appendix D). 
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o Performed an assessment of general geotechnical considerations affecting the area and their 

possible impact on the subject project. 

o Engineering evaluation of data by others was collected to develop geotechnical design 

parameters and recommendations for some of the proposed steel pole foundations and 

underground line segment. 

o Preparation of this report including reference maps and graphics, presenting our findings, 

conclusions and geotechnical recommendations specifically addressing the following items: 

 Evaluation of general subsurface conditions and description of types, distribution, and 

engineering characteristics of subsurface materials. 

 Evaluation of the site geology and geotechnical/geologic hazards. 

 Evaluation of project feasibility and suitability of on-site soils/bedrock for foundation 

support. 

 Recommendations including geotechnical parameters to be used for foundation design 

analysis. 

 General construction considerations and preliminary recommendations for the steel pole 

foundations, as well as the appurtenant maintenance pads, access roads, and earth 

retention structures, respectively. 

3. PROJECT DESCRIPTION 

The project site extends from the Sycamore Substation in Poway, CA to the Penasquitos Substation 

located south of the confluence of Soledad and Carmel Valleys in the coastal region of San Diego, CA.  

The transmission line is approximately 16.5 miles in total length but is identified by four distinct 

segments as follows:  

Segment A – Replace existing 138 kV wood frame structures with new 230 kV steel poles (8.3 

miles, all located in SDG&E’s existing right-of-way);  

Segment B – Install new 230 kV underground transmission line along Carmel Valley Road (2.8 

miles, all located in SDG&E’s existing franchise position);  

Segment C – Install new 230 kV conductor on existing 230 kV steel structures (2.2 miles, all 

located in SDG&E’s existing right-of-way);  

Segment D – Install new 230 kV conductor on existing 230 kV steel lattice towers and relocate two 

existing 69 kV power lines to new tubular steel poles (3.3 miles, all in SDG&E’s existing right-of-

way). 
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The project includes minor modifications of the existing Sycamore Canyon and Penasquitos Substations 

to allow for connection of the new 230 kV transmission line. 

The proposed alignment traverses an overall gently sloping westward trending topographic plain with 

local moderately variable terrain.   Elevations for the project range from a high of approximately 860 feet 

above mean sea level (MSL) at the easterly beginning (Sycamore Substation ) to a low of approximately 

310 feet MSL at the western terminus (Penasquitos Substation).   Detailed geographic and topographic 

information for the project alignment is presented on Figure 1, Vicinity Map. 

4. FIELD EXPLORATION PROGRAM 

Given the highly variable nature of the topographical site setting and subsurface conditions, as well as 

the high number of sites, limited access, environmental considerations and previous related geotechnical 

studies, only a select number of sites were investigated through the field exploration program.  Several 

methods of investigation were utilized to obtain the necessary design information for this project.  All of 

the sites explored were accessed via existing dirt service roads.  All of the investigative field work was 

performed in previously disturbed areas as required by permit.  A summary of the methods of field 

exploration utilized at or near proposed engineered steel pole foundation locations has been tabulated 

below followed by a description of each method. 

Table 1: Field Exploration Summary 

TGE  

Number 

Pole 

Structure 

Number 

Latitude Longitude 

Approx. 

Elev. 

(MSL) 

Field Exploration  

Method 

SL-1 P6 32.92300 -117.04410 872.6 Seismic Refraction Line 

SL-2 P12 32.93038 -117.07105 792.7 Seismic Refraction Line 

SL-3 P16 32.93373 -117.08362 738.9 Seismic Refraction Line 

SL-4 P24 32.94567 -117.10336 356.8 Seismic Refraction Line 

SL-5 P26 32.95186 -117.10665 552.8 Seismic Refraction Line 

SL-6 P30 32.95783 -117.10980 589.2 Seismic Refraction Line 

SL-7 P35 32.97158 -117.11728 820.1 Seismic Refraction Line 

SL-8 P36 32.97536 -117.12442 834.9 Seismic Refraction Line 

SL-9 P45 32.93724 -117.17262 404.9 Seismic Refraction Line 

SL-10 P47 32.93404 -117.17849 298.8 Seismic Refraction Line 

SL-11
(1)

 P50 32.92960 -117.18650 403.0 Seismic Refraction Line 

SL-12
(1)

 P53 32.92459 -117.19530 352.0 Seismic Refraction Line 

SL-13 P57 32.91981 -117.20931 392.4 Seismic Refraction Line 

B-1 P21 32.93811 -117.09930 685.0 Air-Percussion Boring 

B-2 P24 32.94567 -117.10336 416.7 Rock Coring 

B-3 P30 32.95783 -117.10980 589.0 Auger / Air percussion Boring 

B-4 P32 32.96065 -117.11142 576.0 Small Dia. Auger Boring 

B-5 P36 32.97536 -117.12442 835.7 Rock Coring 

B-6 P39 32.98375 -117.12810 765.0 Rock Coring 
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B-7 P41a 32.98951 -117.13026 724.0 Small Dia. Auger  Boring 

B-8 VAULT 32.97253 -117.15081 373.0 Small Dia. Auger Boring 

B-9 P42 32.96971 -117.16898 353.0 Small Dia. Auger Boring 

B-10 P44 32.93860 -117.16914 247.0 Small Dia. Auger Boring 

B-11 P45 32.93724 -117.17262 403.0 Small Dia. Auger Boring 

B-12 P47 32.93404 -117.17849 288.0 Small Dia. Auger Boring 

B-13
(1)

 P50 32.92960 -117.18650 403.0 Small Dia. Auger Boring 

B-14
(1)

 P54 32.92187 -117.20040 290.0 Small Dia. Auger Boring 

B-15
(1)

 P55 32.91970 -117.20420 270.0 Small Dia. Auger Boring 

B-16 P61 32.91954 -117.21730 389.0 Small Dia. Auger Boring 

(1) The field explorations at these pole locations are located within the Coastal Zone. 

4.1 Seismic Refraction Lines 

Seismic refraction surveys were performed at thirteen (13) of the proposed steel pole sites.  The 

approximate locations of the seismic refraction lines are depicted on Figures 2 to 23, Plot Plans.  

The length of the seismic lines ranged from 60 to 120 feet, and provided compression wave 

velocity profiles up to a depth of about 15 to 35 feet.  The compression wave velocity profiles are 

provided in Appendix A, Seismic Refraction Line Profiles. 

Seismic refraction investigates the subsurface by generating arrival time and offset distance 

information to determine the path and velocity of the elastic disturbance in the ground.  The 

disturbance was created by hammer for putting impulsive energy into the ground.  Detectors (i.e. 

geophones), laid out at regular intervals, measured the first arrival of the energy and its’ time.  

The data is plotted in Time versus Distance graphs from which the velocities of the different 

layers and their depth was calculated.  The impulse energy was conducted at evenly spaced 

intervals throughout the entire length of the lines in order to increase coverage and generally 

determine whether or not the layering was horizontal, dipping or undulating. 

4.2 Borings 

The borings were performed using either a Unimog M5 or Diedrich D50 drill rig utilizing 6.25-

inch ID diameter hollow-stem augers.  Both drill rigs utilized an automatic hammer with 80% 

hammer efficiency for obtaining soil/formational samples.  The borings were extended to a 

maximum depth of approximately 50 feet below existing grades.  Disturbed bulk and relatively 

undisturbed soil and weathered bedrock samples were obtained for further characterization and 

laboratory testing.  The borings were then backfilled with bentonite / cement mixture and 

returned to essentially their pre-drilled elevation.  The approximate locations of the borings are 

shown on Figures 2 to 23, Plot Plans.  The boring logs as well as a brief overview of the boring 

sample acquisition and logging is presented in Appendix B, Exploratory Boring Logs.  Rock core 

photographs are presented in Appendix C.   



SDG&E 230kV Transmission Line  Project No.: T-0126-G 

Sycamore to Penasquitos   

Geotechnical Study 

 

 5        

 
TRINITY Geotechnical Engineering, Inc. 13230 Evening Creek Drive, Suite 206, San Diego, CA 

4.3 Geotechnical Information by Others 

Previous geotechnical studies (Woodward Clyde, 1992, Geocon, 2012, and Owen Consultants 

1990) associated with the design/construction of Sycamore Substation, TL 6961, and Evergreen 

Nursery has been performed by others within portions of the proposed project alignment (i.e., 

Segment A and B).  The studies included seismic lines, test pits, hollow-stem auger borings, 

Cone Penetration Testing (CPT’s) and associated laboratory testing.  TGE has reviewed the 

referenced reports and the information presented was included, in addition to our own 

investigation, to provide the appropriate design parameters and recommendations.  Previous 

subsurface explorations used in reference to the proposed pole structures are provided in 

Appendix H, Previous Geotechnical Information.        

5. LABORATORY TESTING  

Laboratory testing was performed on selected representative bulk and relatively undisturbed soil, 

formation and bedrock samples obtained from the exploratory borings, to aid in the classification and to 

evaluate engineering properties of the foundation materials.  The following tests were performed: 

o In-situ density and moisture content (ASTM D-2216 and ASTM D-2937); 

o Particle size analyses and No. 200-wash (ASTM D-422 and ASTM D-1140); 

o Direct Shear (ASTM D-3080);  

o Thermal resistivity (ASTM D-5334); 

o Unconfined Compressive Strength of Rock Cores (ASTM D-7012); and 

o Corrosivity series including sulfate content, chloride content, pH-value, and resistivity (CTM 

417, 422, and 532/643). 

Testing was performed in general accordance with applicable ASTM standards and California Test 

Methods.  The laboratory test results and a summary of the laboratory testing program are presented in 

Appendix D, Laboratory Test Results. 

6. GEOLOGY 

6.1 Regional Geology 

The proposed project traverses the Coastal Plains section of the Peninsular Ranges physiographic 

province.  This province extends from the tip of Baja California peninsula north to the 

Transverse Ranges, and is bound by the Colorado Desert to the east.   The Coastal Plains sub-

province extends from the western edge of the Peninsular Ranges highlands and runs roughly 

parallel to the coastline.  The terrain generally includes rolling hills and dissected mesa-like 

features.  The sub-province is underlain primarily by sedimentary rocks composed of sandstone, 

shale and conglomerate reflecting the erosion of the mountains to the east.   Outcrops of granitic 

pluton rock and mildly metamorphosed associated country rock are also found within the eastern 

areas of the Coastal Plain section.    
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Prior to the mid-Mesozoic, the Peninsular Ranges region was covered by seas where thick marine 

sedimentary and volcanic sequences were deposited.  Later, during the Cretaceous, extensive 

mountain building occurred during the emplacement of the southern California batholith.  

Multiple pulses of intrusive activity resulted in compositional variations in the intrusive rock.  

The present day ranges were faulted and uplifted during the late Tertiary and Quaternary periods 

which resulted in a series of northwest-oriented mountain ranges separated by similar trending 

valleys.  The dominating orientation of these structures is related to the major fault systems 

located in the province, including the San Andres, San Jacinto, and Elsinore Fault zones. 

6.2 Site Geology 

Based on our review of published geologic maps, geotechnical reports and observations during 

the field investigation, the geology along the proposed transmission line consists of crystalline 

igneous rocks, metavolcanic and metasedimentary rocks, sedimentary rocks, alluvial and 

colluvial deposits and associated topsoil (see Figure 24, Regional Geology Map).  Each of the 

soil types and geologic unit encountered are described below.   

6.2.1 Topsoil (Qt) 

A thin veneer of topsoil covers the majority of the undisturbed areas within the subject 

site.  The topsoil deposits can be generally characterized as loose, silty sands to stiff clays.  

Topsoil will require remedial treatment in areas where structural support is planned.  

6.2.2 Artificial Fill 

The fill generally consisted of silty/clayey sands and sandy clays with varying amounts of 

gravel.  The fill was encountered in the following boring locations and underlain by their 

respective geologic unit as presented in Table 2.    

6.2.3 Linda Vista Formation (Tln) 

The Linda Vista Formation was encountered within Segment D.   The sedimentary 

formation consists of silty sand with gravel and cobble conglomerate. The cobble generally 

ranges form 4-inches to 12-inches in diameter.   The formation is stained by iron oxides 

giving it an orange to light reddish brown color.  Borings advanced through this unit were 

performed utilizing the hollow stem auger method.   

6.2.4 Pomerado Conglomerate and Stadium Conglomerate (Tp/Tst) 

The Pomerado Conglomerate and Stadium Conglomerate were encountered within 

Segment A.  To be consistent with other reports the two units have been described together 

since their engineering characteristics are similar. These deposits generally consist of 

dense light brown to orange brown, sandy to clayey, gravel and cobble conglomerate with 

interbedded silty sands.  Borings advanced through this unit were performed utilizing the 

air-percussion method.   
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6.2.5 Mission Valley Formation (Tmv) 

The Mission Valley Formation underlies portions of Segment A and B.   The formation 

typically consists of dense to very dense, light brown to very light gray fine to medium 

grained sandstone with interbedded siltstone and claystone.   

The Mission Valley Formation often exhibits highly cemented zones, which may result in 

excavation difficulty during site improvement or foundation construction.  Moderate to 

heavy ripping and possible coring should be expected if these zones are encountered 

during excavation.  Rock excavation methods and tooling may be required during 

foundation construction. Generation of oversized materials requiring special handling and 

possible exportation should be expected. 

6.2.6 Friars Formation/Del Mar Formation (Tf/Td) 

Friars/Del Mar Formation was encountered throughout Segment D.   To be consistent with 

other reports the two units have been described together as they are undifferentiated in the 

field or by their engineering characteristics. 

The formations consist of dense sandstones to hard claystone and siltstone.  Borings 

advanced through this unit were performed utilizing the hollow stem auger method.  

However, several cemented layers and /or concretionary zones were encountered in 

proximal investigations.   Moderate to heavy ripping and possible coring should be 

expected if these zones are encountered during excavation.  Rock excavation methods and 

tooling may be required during foundation construction. Generation of oversized materials 

requiring special handling and possible exportation should be expected. 

6.2.7 Scripps Formation (Tsc) 

The Scripps Formation was encountered within Segment D.   The sedimentary formation 

generally consists of interbedded, sandy siltstone and fine grained sandstone with 

occasional thin claystone beds.   The formation encountered appeared light brown to buff 

in color.  Borings advanced through this unit were performed utilizing the hollow stem 

auger method.   

6.2.8 Granitic Rocks (Kd) 

Granitic rock units of diorite, granodiorite and gabbro have been identified in Segment A.  

The rock material that will be encountered during foundation construction will have 

variable weathering ranging from completely weathered decomposed granite to fresh 

extremely strong, hard rock.  The hard rock will be difficult to excavate.  Moderate to 

heavy ripping and possible coring should be expected during excavation of this unit.  Rock 

excavation methods and tooling may be required during foundation construction. 

Generation of oversized materials requiring special handling and possible exportation 

should be expected.  Borings advanced through this unit were performed utilizing the 

rotary wash coring method.  
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6.2.9 Santiago Peak Volcanics (Jsp) 

The Santiago Peak Volcanics consisting of metavolcanic and metasedimentary rock was 

encountered within Segment A and may be encountered in the eastern portion of Segment 

B.   

This unit typically consists of mildly metamorphosed volcanic, sedimentary and granitic 

rocks.  Although they are different in composition and genesis, the bearing, stability and 

excavation characteristics of this formation should be similar to those of the granitic unit 

described herein.   Therefore, moderate to heavy ripping and possible coring should be 

expected during excavation of this unit.  Rock excavation methods and tooling may be 

required during foundation construction. Generation of oversized materials requiring 

special handling and possible exportation should be expected.  Borings advanced through 

this unit were performed utilizing the rotary wash coring method. 

Table 2 below indicates the represented pole numbers with the description of geologic unit 

contacts along the transmission line. 

Table 2: Geologic Units 

Pole Numbers Geologic Unit (Abbreviation) 

P30, P31 P41, P42, P55, V1, V10 Artificial Fill 

P50, P51, P57, P60, V5, V6 Tln 

P2, P3, P4, P5, P6, P7, P8, P9, P10, P11, 

P12, P13, P15, P17, P18, P19, P20, P21, 

P22, P27, P35, P45, P46, P48, P49, V9 

Tp / Tst 

P1, P14, P16, P28, P29, P30, P31, P32, 

P34, P41, P41a, P42, V1, V4, V7, V8, V10 
Tmv 

P23 Tf / Td 

P43, P44, P47, P52, P53, P54, P55, P56, 

P58, P59, P61 
Tsc 

P36, P39, V3 Kd 

P24, P25, P26, P33, P37, P38, P40, V2 Jsp 

 

7. GEOTECHNICAL/GEOLOGIC CONSIDERATIONS 

Various geotechnical and geologic considerations were developed for each of the affected steel pole sites 

investigated based on our site reconnaissance, information from our field exploration program, laboratory 
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testing, and engineering evaluation/analyses.  A summary of the geotechnical conditions which may 

affect the design and construction of the project are provided in Table 3: Geotechnical Considerations.   

Table 3: Geotechnical Considerations 

Groundwater Slope Instability Liquefaction
 Rockfall / 

Landslide
 Erosion

 Expansive 

Soil
 

 
P30, P31 (42 ft.) 

P41, P41a (35 ft.) 
P42 (21 ft.) 

  

Low Potential Not Anticipated 
Not 

Anticipated 
Low Potential 

Not 
Anticipated 

 

7.1 Faulting 

Based on review of the USGS fault map, no known active faults with the potential for surface 

fault rupture are known to exist beneath the project alignment.  Accordingly, the potential for 

surface rupture at the site due to faulting is considered very low during the design life of the 

proposed structures.   

The nearest potentially active fault is the Rose Canyon Fault.  The Rose Canyon is associated 

with the Newport-Inglewood fault system, a northwest trending right-lateral fault that extends 

south from the Los Angeles Basin to the northern coastline of Baja California.  The off-shore 

extension of the mapped line is approximately 4.5 miles west of the Penasquitos Substation.  The 

Rose Canyon Fault is considered capable of generating an earthquake of MW = 6.7 resulting in 

strong ground shaking.  

7.2 Seismicity / Ground Shaking 

Although the site could be subjected to strong ground shaking in the event of an earthquake, this 

hazard is common in Southern California and the effects of ground shaking can be mitigated if 

the structures are designed and constructed in conformance with current building codes and 

engineering practices (see Section 8.8, Seismic Design).   

7.3 Groundwater 

Groundwater was encountered in Boring B-3, B-7 and B-9.  The estimated depth to groundwater 

(see Table 3) is based on information obtained from the borings.  It should be noted that 

groundwater conditions may vary due to seasonal precipitations, irrigation, and other factors.   

7.4 Slope Instability 

Certain pole sites are located or adjacent to steeply sloping terrain.  However, these pole sites are 

founded on formations that are not known to have gross slope instability in its natural state.  

Therefore, the potential for a slope failure is considered low.  
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It should be noted that all slopes (natural, cut, fill or otherwise) are subject to downhill “creep” 

to some degree, as well as possible surficial deterioration and erosion due to normal weathering.  

This general observation is made in order to emphasize the importance of slope maintenance, 

and is not intended to suggest a particularly unusual or compelling adverse condition. 

7.5 Slope Erosion 

Certain pole sites are located or adjacent to sloping terrain.  However, these pole sites are 

founded on medium dense to very dense formations that have low potential for excessive erosion.  

Although minor erosion due to normal weathering are anticipated to occur on top soils, it should 

be noted that SDG&E require a minimum of 2-feet soil discount to be incorporated into the pole 

foundation design. 

7.6 Liquefaction and Seismically-induced Settlement 

Liquefaction of soils can be caused by ground shaking during earthquakes. Research and 

historical data indicate that loose, relatively clean granular soils are susceptible to liquefaction 

and dynamic settlement, whereas the stability of the majority of clayey silts, silty clays and clays 

is not adversely affected by ground shaking.  Liquefaction is generally known to occur in 

saturated cohesionless soils at depths shallower than approximately 50 feet. Dynamic settlement 

due to earthquake shaking can occur in both dry and saturated sands.    

The project alignment is underlain by either very dense rock or very dense/hard formation.  

Liquefaction is not anticipated within the poles founded within the rock and formational sites due 

to the very dense nature of the rock/formation and the lack of a groundwater table.   Therefore, the 

potential for liquefaction and the associated ground deformation occurring beneath the structural 

site areas is considered nil.  

7.7 Rockfall / Landslide 

Review of regional geology maps and literature did not reveal the existence of rockfall, 

landslides or landslide activity within the alignment or at specific pole locations.   

7.8 Expansive Soil 

It is anticipated that the proposed vault structures located at both ends of Segment B will be 

underlain by clayey sand to sandy clay fill.  Based on the results of the sieve analyses and 

Atterberg Limits, the Expansion Index of the on-site surficial materials within the upper 10-feet 

is anticipated to be in the “Very Low” to “Low” range.   

8. DESIGN RECOMMENDATIONS 

Based on the results of the field exploration, data review of previous geotechnical information, and 

engineering analyses, it is TGE’s opinion that the proposed project is feasible from a geotechnical 

standpoint, provided that the recommendations in this report are incorporated into the design plans and 

implemented during construction. 
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The following sections provide geotechnical design recommendations for the proposed steel pole 

structures, underground conduits, and vaults, as well as preliminary parameters for maintenance pad and 

access road earthwork and retention structures.   

8.1 Deep Foundation Design 

Design parameters for drilled piers are presented below for the proposed steel pole structures 

requiring engineered foundations.   

Drilled Pier Parameters (Vertical Analysis) 

Table 4 below summarizes the engineering properties to be used by SDG&E to design any drilled 

pier foundations for the purposes of vertical analyses.  These properties are estimates based on 

the field exploration program, visual observations, laboratory testing, engineering evaluation and 

analyses, empirical correlations, technical research, and our professional judgment. 

Table 4: Drilled Pier Parameters 
(1, 2)

 

Drilled Pier Design Parameter Material 1
(3) 

Material 2
(4) 

Material 3
(5) 

Material 4
(6)

 Material 5
(7) 

Total Unit Weight,  (pcf) 120 125 130 140 150 

Apparent Cohesion (psf) 100 100 300 1,000 2,000 

Internal Friction Angle (
0
) 28 32 36 42 45 

Allowable Skin Friction (psf)
(8) 

500 800 1,500 10,000 15,000 

End Bearing Capacity (psf) 2,000 3,000 5,000 10,000 15,000 

 

(1) The drilled pier foundations for any of the structures constructed over exposed soil outside a substation should neglect the 

upper 2 feet (i.e., “soil discount”) for surficial erosion considerations; 

(2) The drilled pier foundations for any of the structures constructed over engineered fill associated with a substation pad do not 

require any “soil discount” for surficial erosion considerations; 

(3) Soil, loose to medium dense; 

(4) Soil, medium dense to very dense;  

(5) Bedrock/Rock, completely to highly weathered; 

(6) Rock, moderately weathered; 

(7) Rock, slightly weathered; 

(8) For the uplift design condition these values should be reduced by 30%; however, the unfactored pier weight may be added to 

the resistance; 

 
MFAD Parameters (Lateral Analysis) 

Tables 5 and 6 below summarize the engineering properties and subsurface material profiles for 

each of the proposed steel pole locations and may be utilized in the Moment Foundation Analysis 

and Design (MFAD) computer program used by SDG&E for pier foundation design.  These 

properties and profiles are estimates which were derived based on the field exploration program, 

visual observations, laboratory testing, engineering evaluation and analyses, empirical 

correlations, technical research, and our professional judgment.  It should be noted that the 

estimated parameters are, in part, based on empirical correlations developed by Electric Power 

Research Institute (EPRI; see Section 11, Selected References which contains technical 

information that correlates the lateral subgrade moduli to blow count N-values for different soil 
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types and soft rock) and are considered to be conservative and do not reflect the actual in-situ 

strengths since pressure meter testing was not performed as a part of this project.  TGE has also 

assumed that there will not be significant grade change from the existing elevations.  If the 

improvements involve cut-fill grading operations, TGE should be contacted for further 

evaluation and provision of relevant amended site specific parameters. 

Table 5: MFAD Design Parameters 1 

MFAD Design Parameter
 

Material 1
(1) 

Material 2
(2) 

Material 3
(3) 

Material 4
(4)

 Material 5
(5) 

Total Unit Weight,  (pcf) 120 125 130 140 150 

Apparent Cohesion (psf) 100 100 300 1,000 2,000 

Internal Friction Angle (
0
) 28 32 36 42 45 

Deformation Modulus 
(6)

 (Epmt) (ksi) 2.0 6.0 10.0 20.0 250.0 

Strength Reduction Factor 
(7)

 1.0 1.0 0.98 1.0 1.0 

Passive Pressure Multiplier
(8)

 2.2 2.6 2.9 3.0 3.0 

(1) Soil, loose to medium dense; 

(2) Soil, medium dense to very dense;  

(3) Bedrock/Rock, completely to highly weathered; 

(4) Rock, moderately weathered; 

(5) Rock, slightly weathered; 

(6) Deformation modulus representing pressure meter test; 

(7) The parameters provided for the Strength Reduction Factor are for use in MFAD version 4.0; 

(8) Passive pressure multiplier is a factor representing increased lateral capacity from material arching. 

 

A generalized subsurface profile was developed for all of the proposed steel pole locations, 

which generally utilized 5 material types ranging from soil to rock.  The recommended 

subsurface profiles at all of the proposed steel pole locations are presented in Table 6 below. 

Table 6: MFAD Design Parameters 2 

Steel Pole 

Site 

Subsurface 

Exploration 

Layer Depth Range (feet; below existing grades) 

Material 1 Material 2 Material 3 Material 4 Material 5 

P1 WC
(1)

 0-5 5-25 25+ - - 

P2 WC
(1)

 0-50 - 50+ - - 

P3 Geo
(2)

 - 0-5 5+ - - 

P4 Geo
(2)

 0-2 2-5 5+ - - 

P5 Geo
(2)

 - 0-10 10+ - - 

P6 SL-1
(3)

 0-5 5-10 10+ - - 

P7 Geo
(2)

 - 0-20 20+ - - 

P8 Geo
(2)

 - 0-20 20+ - - 

P9 Geo
(2)

 - - 0+ - - 

P10 Geo
(2)

 - - 0+ - - 

P11 Geo
(2)

 - - 0+ - - 

P12 SL-2
(3)

 0-5 5-10 10+ - - 

P13 Geo
(2)

 - 0-5 5+ - - 

P14 Geo
(2)

 0-2 2-5 5+ - - 

P15 Geo
(2)

 0-2 - 2+ - - 
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P16 SL-3
(3)

 0-5 - 5-20 20+ - 

P17 Geo
(2)

 0-2 - 2+ - - 

P18 Geo
(2)

 0-2 - 2+ - - 

P19 Geo
(2)

 0-2 - 2+ - - 

P20 Geo
(2)

 0-2 - 2+ - - 

P21 B-1
(4)

 - 0-5 5+ - - 

P22 Geo
(2)

 - - 0+ - - 

P23 Geo
(2)

 - 0-55 55+ - - 

P24 B-2
(4)

, SL-4
(3)

 - - 0-5 5-10 10+ 

P25 Geo
(2)

 0-2 - - 5-10 10+ 

P26 SL-5
(3)

 - 0-5 5-8 8-15 15+ 

P27 Geo
(2)

 0-3 - 3+ - - 

P28 Geo
(2)

 0-2 2-5 5+ - - 

P29 Geo
(2)

 0-2 2-15 15+ - - 

P30 B-3
(4)

, SL-6
(3)

 - 0-15 15-25 25+ - 

P31 Geo
(2)

 - 0-15 15-25 25+ - 

P32 B-4
(4)

 0-5 5-10 10-30 30+ - 

P33 Geo
(2)

 0-3 - 3+ - - 

P34 Geo
(2)

 0-3 - 3+ - - 

P35 SL-7
(3)

 0-5 5-10 10-20 20+ - 

P36 B-5
(4)

 - - 0-15 15-20 20+ 

P37 Geo
(2)

 0-8 - 8-20 - 20+ 

P38 Geo
(2)

 0-3 - 3-10 10+ - 

P39 B-6
(4)

 - 0-5 5-25 - 25+ 

P40 Geo
(2)

 0-2 - 2-18 - 18+ 

P41 Geo
(2)

 0-12 - 12+ - - 

P41a B-7
(4)

 0-20 - 20+ - - 

P42 B-9
(4)

 0-5 - 5+ - - 

P43 B-10
(5)

 - 0-10 10+ - - 

P44 B-10
(4)

 - 0-10 10+ - - 

P45 B-11
(4)

, SL-9
(3)

 - 0-10 10+ - - 

P46 B-12
(5)

, SL-10
(5)

 - 0-5 5+ - - 

P47 B-12
(4)

, SL-10
(3)

 - 0-5 5+ - - 

P48 B-13
(5)

 0-5 5-10 10+ - - 

P49 B-13
(5)

 0-5 5-10 10+ - - 

P50 B-13
(4)

, SL-11
(3)

 0-5 5-10 10+ - - 

P51 B-13
(5)

 0-5 5-10 10+ - - 

P52 B-14
(5)

 0-5 5-10 10+ - - 

P53 SL-12
(3)

 0-5 5-10 10+ - - 

P54 B-14
(4)

 0-5 5-10 10+ - - 

P55 B-15
(4)

 0-5 5-10 10+ - - 

P56 B-15
(5)

 0-5 5-10 10+ - - 

P57 SL-13
(3)

 0-5 5-10 10+ - - 

P58 B-16
(5)

 0-5 5-10 10+ - - 

P59 B-16
(5)

 0-5 5-10 10+ - - 



SDG&E 230kV Transmission Line  Project No.: T-0126-G 

Sycamore to Penasquitos   

Geotechnical Study 

 

 14        

 
TRINITY Geotechnical Engineering, Inc. 13230 Evening Creek Drive, Suite 206, San Diego, CA 

P60 B-16
(5)

 0-5 5-10 10+ - - 

P61 B-16
(4)

 0-5 5-10 10+ - - 

(1) The layer depth range of these steel pole locations was evaluated based on the data obtained from Woodward - Clyde (1992).  

Plan and cross section details are provided in Appendix H. 

(2) The layer depth range of these steel pole locations was evaluated based on the data obtained from Geocon (2012).  Geotechnical 

Boring and seismic line information excerpts are provided in Appendix H. 

(3) The layer depth range of these steel pole locations was evaluated based on the data obtained from Seismic Refraction lines 

performed as part of this investigation (see Appendix A). 

(4) The layer depth range of these steel pole locations was evaluated based on the data obtained from Borings performed as part of 

this investigation (see Appendix B). 

(5) The layer depth range of these steel pole locations was evaluated based on the data obtained from nearby borings and seismic 

lines performed as part of this investigation (see Appendix A & B). 

 

Some of the material values above are based on data obtained during seismic refraction surveys.  

The seismic refraction methodology requires that subsurface velocities increase with depth.  A 

layer having a velocity lower than that of the layer above will not be detectable by the seismic 

refraction method and, therefore, could lead to errors in the depth calculations of subsequent 

layers.  In addition, lateral variations in velocity, such as those caused by core stones/outcrops, 

can also result in the misinterpretation of the subsurface conditions.  The generally accepted 

value for depth accuracy for any particular contact and P-wave velocity value is 20%. 

 

Micropiles 

Micropile foundations may be used as an alternative to drilled pier foundations.  Micropiles will 

be designed by a micropile specialty contractor and/or structural engineer based on the specific 

design requirements and our recommended soil parameters.  An experienced contractor 

specializing in pier and/or micropile construction and familiar with the regional geologic 

conditions should be selected for the project.  The micropile specialty contractor is responsible 

for furnishing of all designs, materials, products, accessories, tools, equipment, services, 

transportation, labor and supervision, and manufacturing techniques required for design, 

installation and testing of micropiles and pile top attachements for the project. 

The micropile contractors should also be aware that due to the permeable nature of overburden 

soils and formation, grout overrun beyond the theoretical quantitiy of drilled holes should be 

expected where uncased. 

The contractor should prepare and submit a full-length installation record for each micropile 

installed.  Pile load tests including verification load tests and proof load tests should be 

performed in accordance with the standard procedures of Micropile Design and Construction 

Guidelines (FHWA, June 2000) and SDG&E Specification For Design And Installation Of 

Micropile Foundations For Transmission Steel Poles (SDG&E, 2014).  Grout testing should also 

be performed as a part of QA/QC procedures. 

8.2 Temporary Excavations 

Excavation of the on-site soils may be achieved with conventional heavy-duty grading equipment 

within the fill/formational materials.  Temporary, shallow excavations with vertical side slopes 
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less than 4 feet high will generally be stable, although there is a potential for localized sloughing.  

Vertical excavations greater than 4 feet high should not be attempted without proper shoring to 

prevent local instabilities.  Shoring may be accomplished with hydraulic shores and trench plates, 

and/or trench boxes, soldier piles and lagging.  The actual method of a shoring system should be 

provided and designed by a contractor experienced in installing temporary shoring under similar 

soil conditions.  If soldier piles and lagging are to be used, we should be contacted for additional 

recommendations. 

All trench excavations should be shored in accordance with CalOSHA regulations.  For your 

planning purposes, the fill/alluvial and formational materials may be considered a Type C and 

Type A soil, respectively, as defined the current CalOSHA soil classification. 

Braced excavations should be designed to resist a trapezoidal distribution of lateral earth 

pressure.  The recommended pressure distribution, for the case where the grade is level behind 

the shoring, is illustrated in the following diagram with the maximum pressure equal to 24H in 

psf, where H is the height of the excavation in feet.  

 

 

O.2H 

0.2H 

0.6H H = Height of Excavation  

(feet) 

24H 

(psf)  

Any surcharge (live, including traffic, or dead load) located within a 1(H): 1 (V) plane drawn 

upward from the base of the shored excavation should be added to the lateral earth pressures.  

The lateral load contribution of a uniform surcharge load located across the 1(H): 1(V) zone 

behind the excavation walls may be calculated by using Figure 25, Lateral Surcharge Loads.  

Lateral load contributions of surcharges can be provided once the load configurations and layouts 

are known.  As a minimum, a 2-foot equivalent soil surcharge is recommended to account for 

nominal construction loads. 

Stockpiled (excavated) materials should be placed no closer to the edge of a trench excavation 

than a distance defined by a line drawn upward from the bottom of the trench at an inclination of 

1(H): 1(V), but no closer than 10 feet.  All trench excavations should be made in accordance with 

CalOSHA requirements. 
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8.3 Temporary Construction Dewatering 

Groundwater was encountered at a depth of about 35 feet and 22 feet below the existing surface 

in Boring B-7 and B-9, respectively.  These borings are within the underground portion of the 

project.  The depths to groundwater are deeper than the proposed construction activities; 

however, temporary dewatering may be required to allow construction. 

If necessary, dewatering may be achieved by means of excavating a series of shallow trenches 

directed by gradient (i.e., gravity) to sumps with pumps at either end of proposed reinforced 

concrete pipe.  In any case, the actual means and method of dewatering should be established by 

a contractor with local experience.  It is important to note that temporary dewatering, if 

necessary, will require a permit and plan that complies with SDG&E Environmental and 

RWQCB requirements and regulations.   

8.4 Thrust Forces 

If thrust blocks are used, the blocks may be designed using a passive resistance equal to an 

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

8.5 Vertical Pressures 

Loads exerted on the pipes should not exceed the manufacturer’s recommendations.  TGE has 

provided the following tables as estimates of the vertical pressures.  If more specific pressures 

are needed at spot locations, TGE may be contacted for more in-depth analysis. 

 

Table 7:  Design Vertical Pressures (soil) 
(1)

 

Depth of Cover (feet) D (psf) 

0-5 650 

6-10 1,300 

(1) Dead load vertical pressure from soil prism considering load coefficients for 

cohesionless backfill. 
 

 

Table 8:  Design Vertical Pressures (Dynamic Loads) 
(1)

 

Depth of Cover (feet) D (psf) 

2 3,200 

4 1,150 

6 600 

8 360 

10 240 

(1)  Dead load vertical pressure equivalent based on a dynamic load from a truck with a 

contact pressure of 100 psi. 
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8.6 Vaults 

It is our understanding that the project includes proposed vaults which are precast and will not 

require shallow spread foundations.  The vaults should be supported entirely on competent fill or 

competent native material.  The bottom of excavation should be smooth, uniform, and free from 

rocks, vegetation and other foreign matter (Note: as per Section 3.1.6 of the SDG&E TE-0107). 

8.7 Trench Backfill 

Following completion of the underground conduit installation, backfilling will be required.  

Backfill should follow the procedures for trench backfill as indicated in the SDG&E TE-0107.  

These procedures are summarized below: 

Materials used for encasement of conduits (i.e., Sand-Cement Slurry, Fluidized Thermal Backfill, 

or Encasement Concrete) should meet the requirements as specified in Section 4.0 of the SDG&E 

TE-0107.   

The portion of the excavation above the encasement and below 12-inches of the final grade shall 

be backfilled using lean concrete (Note: per Section 4.2.1 of the SDG&E TE-0107).  The upper 

12-inches below final grade shall be backfilled using materials and methods meeting the 

requirements of the applicable government agencies or landowners (Note: in the absence of such 

requirements, native and/or import materials can be used for backfill if approved by SDG&E).     

All subsurface utility trench backfill should be mechanically compacted.  Water jetting should 

not be used for compaction.  All backfill should be compacted to at least 90 percent relative 

compaction based on the latest version of the ASTM D1557 procedure.  The upper 12 inches of 

subgrade soils underlying the pavement section should be compacted to at least 95 percent 

relative compaction.  In the event that SDG&E requires Fluidized Thermal Backfill, please refer 

to the requirements of Section 4.3 in SDG&E TE-0107.     

8.8 Seismic Design 

Studies and calculations performed by SDG&E conclude that forces resulting from seismic 

loading are less than forces generated by wind and broken conductor loading on pole structures.  

Therefore, seismic ground motion does not need to be considered for design of SDG&E 

transmission structures. 

However, seismic loads may need to be considered for the 10 proposed vaults.  Seismic design 

parameters for each vault sites were developed as per guidelines outlined in the 2013 CBC, 

Volume 2, Chapter 16 (Note: 2012 International Building Code).  These seismic parameters are 

provided in Appendix G and summary of their respective SDS and SD1 are shown in Table 9 

below. 
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Table 9: Seismic Design Parameters (Vaults) 

Vault 

No. 

Site 

Class 
SDS (g) SD1 (g) 

V1 D 0.700 0.406 

V2 C 0.638 0.348 

V3 C 0.638 0.348 

V4 C 0.638 0.348 

V5 C 0.639 0.349 

V6 C 0.640 0.349 

V7 C 0.641 0.349 

V8 C 0.642 0.350 

V9 C 0.646 0.352 

V10 C 0.649 0.354 

 

8.9 Pavements 

The proposed underground alignment is within the existing driveway and street right-of-way.  

Replacement of driveway and street surface improvements should match existing flexible asphalt 

concrete, rigid concrete pavement section and concrete curb/gutter and sidewalk.   

The upper foot of subgrade soils should be compacted to at least 95% relative compaction based 

on ASTM D1557.  The aggregate base should conform to the Crushed Aggregate Base per 

Greenbook requirements, Section 200-2.2.  The base course should be compacted to a minimum 

dry density of 95% of the materials maximum density as determined by the ASTM D1557 test 

procedure.  Field and lab testing should be used to check compaction, aggregate gradation, and 

compacted thickness. 

The asphalt concrete pavement should be compacted to 95% of the unit weight as tested in 

accordance with the Hveem procedure.  The maximum lift thickness should be 2.0 inches.  The 

asphalt concrete material shall conform to Type III, Class C2 or C3, 2001 edition of the 

Greenbook Standard Specifications for Public Works Construction.  An approved mix design 

should be submitted 30 days prior to placement.  The mix design should include proportions of 

materials, maximum density and required lay-down temperature range.  Field and lab testing 

should be used to verify oil content, aggregate gradation, compaction, compacted thickness, and 

lay-down temperature. 
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8.10 Retaining Structures 

It is anticipated that Mechanically Stabilized Earth (MSE) retaining walls will be utilized at various 

locations in the project alignment to accommodate maintenance pads.  These locations are listed 

below: 

 P2, P5, P15, P24, P25, P26, P46, P47, P52 and P58 

The following sections are preliminary designs recommendations and parameters for the earth 

retention MSE structures. 

8.10.1 Lateral Earth Pressure 

Retaining walls should be designed to resist a triangular distribution of lateral earth 

pressure plus surcharges from any adjacent loads.  The recommended lateral earth 

pressures for retaining walls free to rotate, with level, 1.5:1 (H:V), and 2:1 (H:V) slope 

backfills, are 40, 55 and 50 pounds per cubic foot (equivalent fluid pressure), respectively.  

For restrained walls, at-rest lateral equivalent fluid pressures of 60, 75, and 70 pounds per 

cubic foot may be used.  Simple surface surcharge pressures and point loads should be 

added to the active pressure contribution from the backfill.  The geotechnical engineer 

should check the lateral magnitude and distribution resulting from surcharge loads. 

The recommended earth pressure is calculated assuming that a drainage system will be 

installed behind the retaining walls, so that external water pressure will not develop. 

8.10.2 Seismic Lateral Earth Pressure 

In addition to the above-mentioned lateral earth pressures, walls more than 6 feet in height 

should be designed to support a seismic active pressure.  The recommended seismic active 

pressure distribution on the retaining walls is an inverted triangular with the maximum 

pressure equal to 24H pounds per square foot for free to rotate and 36H pounds per square 

foot for restrained where H is the differential wall height in feet. 

8.10.3 Drainage 

Retaining walls should be properly drained.  Adequate backfill drainage is essential to 

provide a free-drained backfill condition and to limit hydrostatic buildup behind walls. 

Retaining walls should be appropriately waterproofed. Drainage behind the retaining walls 

may be provided with a geosynthetic drainage composite such as TerraDrain, MiraDrain, 

or equivalent, attached to the outside perimeter of the wall.  The drain should be placed 

continuously along the back of the wall and connected to a 4-inch-diameter perforated 

pipe.  The pipe should be sloped at least 2% and surrounded by 3 cubic feet per foot of ¾-

inch crushed rock wrapped in suitable non-woven filter fabric (Mirafi 140N or equivalent) 

or Caltrans Class 2 permeable granular filter materials without filter fabric.  The crushed 

rock should meet the requirements defined in Section 200-1.2 of the latest edition of the 

Standard Specification for Public Works Construction (Greenbook).  These drains should 

be connected to an adequate discharge system. 
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8.10.4 Backfill   

Any retaining wall backfill material should be non-expansive (E.I. of 20 or less) and free 

draining.  Based on expansion index testing, a majority of the on-site materials are not 

suitable for use as backfill.  Import of select fill meeting the expansion index requirement 

may be required.  Wall backfill should be moisture conditioned to about 1 to 3 percent 

above optimum moisture content, and compacted in 8-inch lifts to at least 90 percent 

relative compaction (ASTM D1557).   

It should be noted that the sections above are only preliminary design recommendations in 

consideration for the retaining wall design.  Upon completion of the retaining wall design, 

TGE should be contacted for additional evaluation specifically for each site location 

including (1) global stability, (2) suitability of on-site soils as backfill, and (3) earthwork 

recommendations, such as, over-excavation and stabilization measures.         

8.11 Site Earthwork 

The following section is provided in connection with the grading of access roads and pole 

maintenance pads. 

Clearing and Grubbing 

Prior to grading, the project area should be cleared of all rubble, trash, debris, etc.  Any buried 

organic debris or other unsuitable contaminated material encountered during subsequent 

excavation and grading work should also be removed. 

Excavations for removal of any existing footings, utility lines, tanks, and any other subterranean 

structures should be processed and backfilled in the following manner: 

1. Clear the excavation bottom and sidecuts of all loose and/or disturbed material. 

2. Prior to placing backfill, the excavation bottom should be moisture conditioned to within 2 

percent of the optimum moisture content and compacted to at least 90 percent of the ASTM 

D-1557 laboratory test standard. 

3. Backfill should be placed, moisture conditioned (i.e., watered and/or aerated as required and 

thoroughly mixed to a uniform, near optimum moisture content), and compacted by 

mechanical means in approximate 6-inch lifts.  The degree of compaction obtained should be 

at least 90 or 95 percent of the ASTM D-1557 laboratory test standard, as applicable.   

It is also critical that any surficial subgrade materials disturbed during initial demolition and 

clearing work be removed and/or recompacted in the course of subsequent site preparation 

earthwork operations. 
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Site Grading 

In order to create uniform subgrade support conditions for the maintenance pads and access 

roads, the following earthwork operations are recommended. 

 Prior to placing fills, the exposed soils shall be scarified a minimum of 8 inches, 

moisture conditioned to within 2 percent of optimum moisture content, and recompacted 

to a minimum of 90 percent relative compaction per ASTM D1557.   

 Fill soils shall consist of low expansive import/on-site soils with an EI of 50 or less and 

maximum rock size of 6 inches (Note: surface of pads shall not contain rocks greater 

than 3-inches in maximum dimension).  All fills shall be compacted to a minimum 90 

percent relative compaction (Note: ASTM D1557).  In addition to the relative 

compaction requirements, all fills shall be compacted to a firm unyielding condition. 

 If materials at the bottom of receiving subgrades and/or any excavations are disturbed 

during construction activities, these should be removed and recompacted to a minimum 

90 percent relative compaction, based on ASTM D-1557. 

 Where grading is planned within sloping terrain, suitable keyways and benching should 

be established by the engineer prior to fill placement.  The final slope face shall be 

densified by over-building with compacted fill and trimming back to shape with 

appropriate equipment.   

 Import soils if required, should be sampled, tested, and approved by TGE prior to arrival 

on site.  Imported and on-site soils shall consist of clean soils with low expansion (EI of 

50 or less), free from vegetation, debris, or rocks larger than 6 inches maximum 

dimension. 

TGE understands that fill and cut slopes will be constructed as part of the grading for the 

maintenance pads and access roads.  Slopes constructed at a gradient of 2:1 (horizontal to 

vertical) are considered to be stable if constructed in accordance with the recommendations in 

this section.  TGE should be contacted to perform a gross slope stability analysis if slopes steeper 

than a 2:1 are planned. 

8.12 Soil Corrosion 

The corrosion potential of the on-site materials to steel and buried concrete was evaluated.  

Laboratory testing was performed on representative samples of the existing surficial materials to 

evaluate pH, minimum resistivity, and chloride and soluble sulfate content.  Laboratory test 

procedures are discussed in Appendix D.  General recommendations to address the corrosion 

potential of the on-site materials are provided below.  If additional recommendations are desired, 

it is recommended that a corrosion specialist be consulted.  The results of the tests are 

summarized in Table 10 below. 
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Table 10: Corrosion Test Data 

Boring 

No. 

Structure 

No. 

Depth 

(feet) 
pH 

Resistivity 

(ohm-cm) 

Chloride 

Content 

(ppm) 

Sulfate 

Content 

(ppm) 

B-1 P21 1-4 6.3 2371 30 13 

B-2 P24 0-2 7.0 4828 30 12 

B-3 P30 1-4 10.0 1096 26 6 

B-4 P32 1-4 8.3 786 35 62 

B-5 P36 1-4 7.6 1357 58 6 

B-6 P39 0-3 6.9 1405 47 16 

B-7 CP-1 0-3 8.7 905 45 110 

B-8 Vault 0-2 9.4 1128 29 67 

B-9 P42 1-4 7.2 718 35 3 

B-10 P44 0-3 6.1 386 413 74 

B-11 P45 0-3 6.5 621 38 12 

B-12 P47 0-3 8.3 285 240 220 

B-13 P50 1-4 6.2 2205 52 18 

B-14 P54 1-4 8.3 1024 368 80 

B-15 P55 1-4 7.7 377 49 4 

B-16 P61 1-4 5.6 646 173 25 

 

8.12.1 Reinforced Concrete 

Laboratory tests indicate that the potential of sulfate attack on concrete in contact with the 

soils is “Negligible”, with the exception of P47 where the potential is “Moderate” based on 

2010 California Building Code Table 19-A-4.  Location P47 is considered to be the worst 

case for the poles within the project alignment.  It is recommended that Type II cement to 

be used for all proposed steel pole sites.  It is further recommended that at least a 4.0-inch 

thick concrete cover be maintained over the reinforcing steel where possible for concrete 

in contact with the soil for non-wet holes and increase to 6.0-inches for wet holes.  

The results of chloride content testing at the near-surface soil indicate the potential of 

chloride attack on concrete structures is low.  Reinforcing steel in concrete structures and 

pipes in contact with soil are not considered to be susceptible to chloride attack; however, 

TGE recommends that the level of protection should anticipate a chloride content of 200 

ppm.  The pH-value range of 5.6 to 10.0 is marginally near-neutral and may warrant 

corrosion consideration.  Location P30 and P61 represent the worst case scenarios.  If 

considered necessary, possible methods of protection that could be used include increased 
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concrete cover, low water-cement ratio, corrosion inhibitor admixture, silica fume 

admixture, waterproof coating on the concrete exterior.  

8.12.2 Metallic 

Laboratory tests indicate that the soils generally have very low electrical resistivity, which 

presents a high potential for corrosion to buried ferrous metals.  Therefore, metallic 

elements should be reviewed by a Corrosion Engineer for the proposed steel pole 

structures. 

9. CONSTRUCTION CONSIDERATIONS 

Drilled Piers 

 

1. The drilled pier foundation excavation should be observed by the engineer during excavation to 

verify that they extend to the recommended pier tip elevations or deeper. 

 

2. Groundwater is anticipated within numerous pole locations as specified in Table 3 of this report.  In 

addition, periodic ground water seepage zones may occur along geologic contacts. 

 

3. Shaft excavation within alluvial materials may require temporary casing. 

 

4. At the pole locations where the drilled pier foundations are to be constructed, the contractor should 

anticipate variable drilling conditions within the bedrock materials.  The contractor should also 

anticipate the need for soft and hard rock drilling techniques to extend the drilled piers to the 

specified tip elevations.  The amount of drilling difficulty experienced by the contractor will vary 

with the methods used.   

Access Roads / Maintenance Pads 

 

1. Seismic refraction surveys were conducted along the proposed project alignment to evaluate the 

underlying subsurface material conditions.  Based on this information the pole sites are underlain by 

soil to very hard rock.  In general, seismic wave velocities can be correlated to material density 

and/or rock hardness.  The relationship between rippability and seismic velocity is empirical and 

assumes a homogeneous mass.  Localized areas of differing composition, texture, and/or structure 

may affect both the measured data and the actual rippability of the mass.  The seismic P-wave 

velocity ranges presented in Table 11 are based on TGE’s experience with similar materials.  The 

rippability of the mass can be classified on a scale of “Easy” to “Blasting Generally Required”, as 

presented here in Table 11 below.  The rippability classifications are also dependent on the 

excavation equipment used and the skill of the equipment operator.   Caterpillar D-9 Dozer ripping 

with a single shank.  The rippability values and classifications are considered approximate and that 

rock characteristics, such as depth, orientation and fracturing, have an effect in determining the rock 

rippability.  
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Table 11: Rippability Classification 

Seismic P-wave 

Velocity 
Rippability Soil/Rock Description 

0 to 2,000 ft/sec Easy Soil, loose to medium dense 

2,000 to 3,000 ft/sec Moderate Soil, medium dense 

3,000 to 4,000 ft/sec Difficult, Possible Local Blasting 
Soil, dense to very dense 

Rock, very weak to weak 

4,000 to 8,000 ft/sec 
Very Difficult, Probable Local to 

General Blasting 
Rock, medium strong to strong 

Greater than 8,000 
ft/sec 

Blasting Generally Required Rock, very strong 

 

Table 11 above may be used as a basis for preliminary evaluations of excavatability when utilizing the 

Seismic Refraction Survey Data (see Appendix A). 

 

10. LIMITATIONS 

The recommendations and opinions expressed in this report are based on TGE’s review of background 

documents and on information developed during this investigation.  It should be noted that this study did 

not evaluate the possible presence of hazardous materials on any portion of the site.  More detailed 

limitations of the geotechnical engineering report are presented in the ASFE’s information bulletin in 

Appendix I.  

Due to the limited nature of our field explorations, conditions not observed and described in this report 

may be present on the site.  Uncertainties relative to subsurface conditions can be reduced through 

additional subsurface exploration.  Additional subsurface evaluation and laboratory testing can be 

performed upon request.  It should be understood that conditions different from those anticipated in this 

report may be encountered during pole/tower pier foundation drilling operations.   

Site conditions, including ground-water level, can change with time as a result of natural processes or the 

activities of man at the subject site or at nearby sites.  Changes to the applicable laws, regulations, codes, 

and standards of practice may occur as a result of government action or the broadening of knowledge.  

The findings of this report may, therefore, be invalidated over time, in part or in whole, by changes over 

which TGE has no control.  

This document is intended to be used only in its entirety.  No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein.  TGE should be contacted if 

the reader requires additional information or has questions regarding the content, interpretations 

presented, or completeness of this document. 
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TGE has endeavored to perform this study using the degree of care and skill ordinarily exercised under 

similar circumstances by reputable geotechnical professionals with experience in this area in similar 

soil/rock conditions.  No other warranty, either expressed or implied, is made as to the conclusions and 

recommendations contained in this report. 



SDG&E 230kV Transmission Line  Project No.: T-0126-G 

Sycamore to Penasquitos   

Geotechnical Study 

 

 26        

 
TRINITY Geotechnical Engineering, Inc. 13230 Evening Creek Drive, Suite 206, San Diego, CA 

11. SELECTED REFERENCES 

1. ASTM, 2001, Soil and Rock: American Society for Testing and Materials: vol. 4.08 for ASTM test methods D-420 

to D-4914; and vol. 4.09 for ASTM test methods D-4943 to highest number; 

 

2. ASTM, 2001, Geotechnical Engineering Standards: American Society for Testing and Materials:  and ASTM test 

method D-7012; 

 

3. California Building Code, 2013; 

 

4. California Department of Conservation, Division of Mines and Geology, 1977, Fault Evaluation Report FER-57, 

December 1, 1977; 

 

5. California Department of Conservation, Division of Mines and Geology, 1997, Guidelines for Evaluation and 

Mitigation of Seismic Hazards in California: Special Publication 117; 

 

6. California Department of Conservation, Division of Mines and Geology, 1998, Maps of Known Active Fault Near-

Source Zones in California and Adjacent Portions of Nevada: International Conference of Building Officials, dated 

February ,Scale 1” = 4 km; 

 

7. California Department of Conservation, Division of Mines and Geology, 2000, Recommended criteria for 

delineating seismic hazard zones in California, Special Publication 118; 

 

8. California Geological Survey (CGS). 2007. Seismic Hazard Zonation Program, accessed at 

www.conservation.ca.gov/cgs/shzp, April, 2009; 
 

9. Civiltech Software, LiquefyPro, Version 5.8, 2007-3,  Liquefaction and Settlement Analysis Software Manual; 

 

10. City of San Diego Geologic Hazards and Fault Maps Grid Title 36, 38, 39, 40, 43 and 44, 2008; 

 

11. Day, Robert, 2002, Geotechnical Earthquake Engineering Handbook; 

 

12. DMG, 1996, “Probabilistic Seismic Hazard Assessment for the State of California” Open File Report 96-08; 

 

13. EPRI, 1982, Laterally Loaded Drilled Pier Research, Volume 1:Design Methodology, EPRI EL-2197; 

 

14. Geocon Inc., July 2, 2012, SDG&E TL13804 Pole Foundations, M.S.A. 6160015454, San Diego County, 

California; 

 

15. Geocon Inc., September 12, 2012, SDG&E TL6961 Pole Foundations, M.S.A. 6160015454, San Diego County, 

California; 

 

16. Geocon Inc., January 21, 2013, Addendum Design Parameters for Additional Pole Location Z249782 Through 

Z249787, Z611162 and Z612448, SDG&E TL6961, M.S.A. 6160015454, San Diego, California; 

 

17. Geotechnics Incorporated, November 20, 1997, Preliminary Geotechnical Investigation, Black Mountain Ranch 

Assessment District, Carmel Valley Road and Black Mountain Road, San Diego, California, Project No. 0358-001-

01; 

 

18. Hart, E. W., 1999, "Fault-Rupture Hazard Zones in California, Alquist-Priolo Earthquake Fault Zoning Act with 

Index to Earthquake Fault Zone Maps," California Division of Mines and Geology Special Publication 42; 

 

19. Hunt, Roy E., 1986, Geotechnical Engineering Analysis and Evaluation; 

 



SDG&E 230kV Transmission Line  Project No.: T-0126-G 

Sycamore to Penasquitos   

Geotechnical Study 

 

 27        

 
TRINITY Geotechnical Engineering, Inc. 13230 Evening Creek Drive, Suite 206, San Diego, CA 

20. International Building Code, 2012; 
 

21. International Conference of Building Officials, 1997, Uniform Building Code: Volume 2; 

 

22. Jennings, C.W., 1994, Fault Activity Map of California and Adjacent Areas with Locations and Ages of Recent 

Volcanic Eruptions: California Department of Conservation, Division of Mines and Geology Geologic Data 

Map No. 6, scale 1:750,000; 

 

23. Kennedy Bulletin 200; 

 
24. Lee, L.J., 1977, Potential foundation problems associated with earthquakes in San Diego, in Abbott, P.L., and 

Victoria, J.K., eds., Geologic Hazards in San Diego, Earthquakes, Landslides, and Floods:  San Diego Society 

of Natural History John Porter Dexter Memorial Publication; 

 

25. Macnab, A., 2002, Earth Retention Systems Handbook;  

 

26. Norris, R.M. and Webb, R.W. 1990. Geology of California, Second Edition; 

 

27. Owen Consultants, November 30, 1989, Geotechnical Evaluation for Environmental Impact Report Evergreen 

Nursery, 70 Acre Site North of Black Mountain Road, San Diego, California, Project No. 730.4.1; 

 

28. Petersen, M. D. and Wesnousky, S.G., 1994.  Fault slip rates and earthquake histories for active faults in 

southern California. Bulletin of the Seismological Society of America, Vol. 84, No. 5, pp. 16081649; 

 

29. State of California Special Studies Zone, La Jolla Quadrangle, Official Map, 1991; 

 

30. URS Corporation, January 5, 2005, Update Geotechnical Report, Sycamore Canyon Substation, San Diego, 

California; 

 

31. Woodward-Clyde-Sherard & Associates, February 24, 1964, Soil Investigation for the Proposed Los Penasquitos 

Unit No. 3, San Diego, California. 

 



  SDG&E 230 kV Transmission Line Sycamore to Penasquitos 

FIGURES



















































Figure No.: 25Project No.: T-0126-G

Lateral Surcharge LoadsTrinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

SDGE&E 230 kV Transmission Line
Sycamore to Penasquitos

Reference:

Qph
H2( ) =

0.28 n2

(0.16 + n2)3

Ph
z=nH
a

h

hP

a

x=mH

POINT LOAD Qp

h

W
A

LL

FOR m 0.4 :=<

FOR m 0.4 :

<

Qph
H2( ) = 1.77 m2 n2

(m2 + n2)3

x=mH

h

1

hh
1

cos 2 (1.1 )

Qp

=

H

LINE
LOAD

m hp
0.1
0.3
0.5
0.7

0.60 H
0.60 H
0.56 H
0.48 H

VA
LU

E
O

F
n=

z/
H

0

0.2

0.4

0.6

0.8

1.0
0 0.2 0.4 0.6 0.8 1.0

VALUE OF
QLh
H( )

POINT
LOAD

m hp
Qp

Ph
H( )

0.2 0.78 0.59H
0.4 0.78 0.59H
0.3 0.45 0.48H

Qph
H( )

2
VALUE OF

0 0.5 1.0 1.5 2.0

LINE LOAD QL

FOR m 0.4 :=<x=mH

H

z=nH

h

PH=0.55 QL

HP

Ph FOR m 0.4 :

<

QLh
H( ) = 1.28 m2n

(m2 + n2)2

RESULTANT PH =

PRESSURE FROM LINE LOAD QL
(BOUSSINESQ EQUATION MODIFIED BY EXPERIMENT)

0.64 QL
(m2 + 1)

QLh
H( ) =

0.20 n

(0.16 + n2)2

SECTION a ~a
PRESSURE FROM POINT LOAD Qp
(BOUSSINESQ EQUATION MODIFIED BY EXPERIMENT)

Navfac, DM 7.02, Chapter 3, Analysis of Walls and Retaining Structures, Figure 11,
Horizontal Pressures on Rigid Wall from Surface Loads, pg. 7.2.74, September, 1986.



  SDG&E 230 kV Transmission Line Sycamore to Penasquitos 

APPENDIX A
Seismic Refraction Survey Profiles



 

 

Seismic Refraction Survey 

      

Thirteen seismic refraction surveys were performed by TGE at 13 locations within the proposed 

project alignment (see Figure 2, Plot Plan).  A brief overview of the seismic refraction survey 

data acquisition equipment, methodology, and data processing is presented below.   

Data Acquisition Equipment 

 24 Channel Seismic Source digital seismic recording system (Seismograph DAQ); 

 Approximate 5 to 10 foot geophone interval cable; 

 Geophone “group array”: the use of a linear spread of 12 geophone sensor channels 
(Geophones: 12, 10 Hertz geophones);  

 Sledge hammer. 

Survey Methodology 

The seismic refraction method uses first-arrival times of refracted P-waves to estimate the 

thickness and seismic velocities of subsurface geologic layers.  

Seismic P-waves generated at the surface, using a sledge hammer and plate, are refracted at 

boundaries between different geologic contacts separating materials of contrasting velocities. 

These refracted seismic waves are detected by a series of surface vertical component 

geophones, and recorded with a 24-Bit Seismic Source DAQ Link II seismograph. The travel 

times of the seismic P-waves are used in conjunction with the shot-to-geophone distances to 

obtain thickness and velocity information of the subsurface materials. 

The refraction method requires that the subsurface velocities increase with depth.  A layer 

having a velocity lower than that of the layer above will not be detectable by the seismic 

refraction method and, therefore, could lead to errors in the depth calculations of subsequent 

layers. In addition, lateral variations in velocity, such as those caused by core stones and 

outcrops, can also result in the misinterpretation of subsurface material conditions. 

Data Processing 

SeisOpt @2D was used to map the subsurface P-wave velocity structure characterized by 

strong lateral velocity variations.  The program was used to generate a 2 dimensional map of 

subsurface velocity structure using first-arrival picks from recorded seismic data created from an 

active seismic source.  The subsurface velocity structures of the seismic refraction lines are 

depicted on the figures within this appendix. 

 

The values of the subsurface velocity are then used to determine the geotechnical parameters 

and site classification of the soil in accordance with the California Building Code (CBC). 
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Exploratory Boring Logs



Project No.: T-0126-G Figure No.: B-1

Field Testing and Sampling

FIELD TESTING AND SAMPLING

The Standard Penetration Test (SPT)
The SPT were performed in accordance with test method ASTM D 1586-99. The SPT sampler was typically
driven into the ground 12 to 18-inches with a 140-pound hammer free falling from a height of 30-inches.
Blow counts were recorded for every 6-inches of penetration. The N-values were determined for the SPT
Sampler by taking the sum for the last two 6-inch intervals of the 18-inch sampler penetration. The split-
barrel sampler has an external diameter of 2-inches and an unlined internal diameter of 1-3/8-inches. The
samples of earth materials collected in the sampler were classified in the field, bagged, sealed and trans-
ported to the laboratory for testing.

The California Sampler (Ring)
The Ring sampler was driven into the ground in accordance with test method ASTM D 3550-84. The sam-
pler, with an external diameter of 3.0-inches, was lined with 1-inch long, thin brass rings with inside diame-
ters of approximately 2.4 inches. The sampler was driven into the ground 12 or 18-inches with a 140-pound
hammer free falling from a height of 30-inches. Blow counts were recorded for every 6-inches of penetra-
tion. The N-values were estimated for the California Sampler by multiplying the sum of the blow counts for
the last two 6-inch intervals of the 18-inch sampler penetration by a factor of 0.6 (Reference: Recommend-
ed Procedures for Implementation of DMG Special Publication 117 Guidelines for Analyzing and Mitigating
Liquefaction in California, G.R. Martin and M. Lew, 1999). The samples were removed from the sample bar-
rel in the brass rings, sealed and transported to the laboratory for testing.

Rock Core Driling
Rock coring was performed in accordance with test method ASTM D2113-08. Drilling was accomplished by
circulating a drilling medium through the drill bit while rotating and lowering or advancing the string of drill
rods as downward force is applied to a cutting bit. The core was recovered by means of rotating the core
barrel equipped with a coring bit into the rock. The 2-inch drilled core was carefully collected in the core
barrel as the drilling progressed and was retrieved once the barrel was full. Samples were logged, packaged,
and shipped for testing.

Large Bulk Samples
Samples of representative earth materials over 20 pounds in weight were collected from the auger cuttings,
placed in bags, sealed and transported to the laboratory for testing.

Small Bulk Samples
Samples less than 5-pounds in weight of representative earth materials were collected from the split spoon
sampler, hand digging or exploratory cuttings. These samples were used for determining natural moisture
content and classification indices.

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos



Modified California sampler
(3 inch outside diameter)

Project No.: T-0126-G Figure No.: B-2

Bulk/Bag sample

Shelby tube

Standard penetration
Split spoon sampler
(2 inch outside diameter)

Description

LOG SYMBOLS:

Abbreviations:

SA - (38% SAND analysis (percent
passing #200 sieve)

WA - (38%) - One point grain size analysis
(Percent passing #200 sieve)
PI - Plasticity index
LL - Liquid limit
DS - Direct shear test
‘R’ - R-value test
CORR - Corrosivity test
EI - UBC expansion index
LC - Laboratory compaction test

General Notes:

1. Lines separating strata on the logs represent approximate boundaries only. Actual transitions may be gradual.
2. No warranty is provided as to the continuity of soil conditions between individual sample locations.
3. Logs represent general soil conditions observed at the point of exploration on the date indicated.
4. In general, unified soil classification designations presented on the logs were evaluated by visual methods only.

Therefore, actual designations (based on laboratory tests) may vary.

Consistency criteria based on field tests

Relative
density

SPT*
(# blows/ft)

Relative
density (%)

Very Loose
Loose

Medium Dense
Dense

Very dense

<4
4 - 10

10 - 30
30 - 50

>50

0 - 15
15 - 35
35 - 65
65 - 85
85 - 100

Torvane

Consistency

Pocket**
penetrometer

SPT
(# blows/ft)

Undrained
shear

strength (tsf)

Unconfined
compressive

strength
Very soft

Soft
Firm
Stiff

Very stiff
Hard

<2
2 - 4
4 - 8
8 - 15

15 - 30
>30

<0.13
0.13 - 0.25
0.25 - 0.5 0.5 - 1.0

1.0 - 2.0
2.0 - 4.0

>4.0

0.25 - 0.5

0.5 - 1.0
1.0 - 2.0

>2.0

<0.25

Moisture content

Cementation

Description
Dry

Moist
Wet

Field test
Absence of moisture, dusty, dry to the touch
Damp but no visible water
Visible free water, usually soil is below water table

Field test
Crumbles or breaks with handling or slight finger pressure
Crumbles or breaks with considerable finger pressure
Will not crumble or break with finger pressure

Weakly
Moderately

Strongly

* Number of blows of 140 pounds hammer falling 30 inches to drive a 2 inch O.D.
(1 3/8" I.D.) split barrel samler (ASTM - D 1586-99 standard penetration test)

** Unconfined compressive strength in Tons/ft2. Read from pocket penetrometer

Water level
(level after completion)
Water level
(level where first encountered)

Granular Soils Cohesive Soils

Log LegendTrinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Rock Core Drilling
(2-inch diameter)



Project No.: T-0126-G Figure No.: B-3

Rock Coring LegendTrinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Descriptor
ROCK HARDNESS

Criteria

Moderately Soft

Soft

Specimen cannot be scratched with pocket knife or sharp pick; can only
be chipped with repeated heavy hammer blows

Extremely Hard

Specimen cannot be scratched with pocket knife or sharp pick; breaks
with repeated hammer blows

Very Hard

Hard

Moderately Hard

Very Soft

Specimen can be scratched with pocket knife or sharp pick with heavy
pressure; heavy hammer blows required to break specimen
Specimen can be scratched with pocket knife or sharp pick with light or
moderate pressure; breaks with moderate hammer blows
Specimen can be grooved 1/6 in. with pocket knife or sharp pick with
moderate or heavy pressure; breaks with light hammer blows or
heavy hand pressure
Specimen can be grooved or gouged with pocket knife or sharp pick with
light pressure; breaks with light to moderate hand pressure
Specimen can be readily indented, grooved, or gouged with fingernail, or
carved with pocket knife; breaks with light hand pressure

Discontinuity
Type

DISCONTINUITY DESCRIPTORS

V B
Dip of discontinuity, measured relative to a plane normal to the core axis.

F J Sh Fo
a
b

Fault Joint Shear Foliation BeddingVein
Aperture
(inches)

c W Mw N Vn T
Wide (0.5-2.0) Moderately Wide (0.1-0.5) Narrow (0.05-0.1) Very Narrow (<0.05) Tight (0)

Type of
infilling

d Cl Ca Ch Fe Gy H Mn No Py Qz Sd

Clay Calcite Chlorite Iron Oxide Gypsum Healed Manganese
Oxide None Pyrite Quartz Sand

Amount of
infilling

e

Surface Shape
of Joint

f

Roughness of
Surface

g

PaSu FiSp N
Partially FilledSurface Stain FilledSpotty None

WaPl St Ir
WavyPlanar Stepped Irregular

SrSlk RS Vr

Slightly Rough [asperities
on the discontinuity
surfaces are
distinguishable and can
be felt

Slickensided [surface has
smooth, glassy finish with
visual evidence of
striations]

Rough [some ridges and
side-angle steps are
evident; asperities are
clear visible, and
discontinuity surface feels
very abrasive]

Smooth [surface appears
smooth and feels so to
the touch]

Very Rough [near vertical
steps and ridges occur on
the discontinuity surface]

Slightly Weathered/Altered
Fresh/Unweathered

Residual Soil

Completely Weathered/Altered

Highly Weathered/Altered

Moderately Weathered/Altered

Original minerals of rock have been entirely decomposed to secondary minerals, and original rock fabric is not apparent;
material can be easily broken by hand
Original minerals of rock have been almost entirely decomposed to secondary minerals, although original fabric may be
intact; material can be granulated by hand
More than half of the rock is decomposed; rock is weakened so that a minimum 2-inch-diameter sample can be broken
readily by hand across rock fabric
Rock is discolored and noticeably weakened, but less than half is decomposed; a minimum 2-inch-diameter sample
cannot be broken readily by hand across rock fabric
Rock is slightly discolored, but not noticeably lower in strength than fresh rock
Rock shows no discoloration, loss of strength, or other effect of weathering/alteration

Description Recognition

ROCK WEATHERING/ALTERATION

Descriptor
RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive
Strength (psi)

Weak 700 - 3,500
Very Weak 150 - 700

> 30,000Extremely Strong
Very Strong 14,500 - 30,000
Strong 7,000 - 14,500
Moderately Strong 3,500 - 7,000

< 150Extremely Weak

References: CALTRANS Soil and Rock Logging, Classification, and Presentation Manual, 2010 Edition



Project No.: T-0126-G Figure No.: B-4

Rock Coring LegendTrinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Length of the recovered core pieces (in.)
Total length of core run (in.) x 100

CORE RECOVERY CALCULATION (%)

Length of intact core pieces > 4 in.
Total length of core run (in.) x 100

RQD CALCULATION (%)

RQD = 10 + 8 + 8
50

x 100 = 52% (FAIR)

Example:

Descriptor
RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive
Strength (psi)

Weak 700 - 3,500
Very Weak 150 - 700

> 30,000Extremely Strong
Very Strong 14,500 - 30,000
Strong 7,000 - 14,500
Medium Strong 3,500 - 7,000

< 150Extremely Weak

Descriptor
FRACTURE DENSITY

Criteria

Lengths average from 1 in. to 4 in. with scattered
fragmented intervals with lengths less than 4 in.

Intensely Fractured

Mostly chips and fragments with few scattered short core
lengths

Very Intensely Fractured

No fracturesUnfractured
Lengths greater 3 ft.Very Slightly Fractured
Lengths from 1 to 3 ft., few lengths outside that rangeSlightly Fractured
Lengths mostly in range of 4 in. to 1 ft., with most lengths
about 8 in.

Moderately Fractured

4 in.

8 in.

4 in.

8 in.

50
in

.

RQD (ROCK QUALITY
DESIGNATION)

DESCRIPTION OF ROCK
QUALITY

Very Poor0 - 25 %

50 - 75 %

75 - 90 %

90 - 100 %

Poor

Fair

Good

Excellent

25 - 50 %

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

References: CALTRANS Soil and Rock Logging, Classification, and Presentation Manual, 2010 Edition; Deere and Deere, 1989



Boring Log B-1

5040302010

Date Drilled: 12-8-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 685 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-5

B-1 (P-21)

DampStadium Conglomerate (Tst) - Silty SAND with
Abundance of Gravel and Cobble: Hard Drilling

Very
Dense

Brown

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 50.0 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger/Air Percussion
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Switched to Air Percussion Drilling

3:02

7:03

9:40

7:36

7:48

12:20

8:51

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2
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5040302010
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Material Description

Co
lo

r

Co
ns

ist
en

cy

M
oi

st
ur

e Moisture Content (% Dry Weight)

De
pt

h
in

Fe
et

Dr
ive

n
Sa

m
pl

e

N
va

lu
e

US
CS

Dr
y

De
ns

ity
(p

cf
)

DampStadium Conglomerate (Tst, cont.) - Silty SAND
with Abundance of Gravel and Cobble: Hard Drilling

Very
Dense

Brown

Bl
ow
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7:10

4:27

5:25

10:10

8:48

Boring Log B-1

Project No.: T-0126-G Figure No.: B-6

B-1 (P-21)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 50.0 Feet

Notes: 1. Groundwater not encountered.
2. Switched to air percussion

drilling at 4 Feet.

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2

NA



Boring Log B-2
Date Drilled: 12-11-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 416 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-7

B-2 (P-24)

Santiago Peak Volcanics (Jsp) - Decomposed
Metagranitic-Granitic Rock, Light Brown, Fine Grained,
Dry

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Andres Lopez, EIT

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 23.5 Feet

Groundwater Elevation During Drilling: Not IdentifiedDrilling Method: Hollow Stem Auger/Rock Coring

Bl
ow

Co
un

ts

Switched to Coring

Discontinuity Description

Becomes Moderately Weathered, Strong Rock, Hard,
Moderately Fractured, Some Fe2O3 Staining

Becomes Slightly Weathered, Slightly Fractured,
Very Strong Rock

Becomes Moderately to Highly Weathered, Increase
in Fe2O3 Staining and MnO Staining, Moderately
Fractured

Clay and Fe2O3 Staining, Intensely Fractured, Some
Near Vertical Fractures, Strong to Moderately Strong
Rock, Moderately Hard to Moderately Soft Rock

End of Boring at 23.5 Feet

Notes: 1. Groundwater not identified.
2. Switched to coring at 1.5 Feet.

1: 10°J/N/Fe+Sd/Sp/Wa/R
2: 40°J/N/Fe+Sd/Sp/Wa/Sr
3: 75°J/N/Fe/Su/Pl/Sr
4: 30°J/N/Fe+Sd/Sp/Wa/Sr-R
5: 10°J/Vn/Sd/Sp/Wa/R

1: 80°J/Vn/Fe/Sp/Pl/Sr
2: 18°J/N/Fe+Sd/Sp/Wa/Sr

1: 8°J/N/Fe+Mn/Pa/Wa/R
2: 85°J/N/Fe+Mn/Pa/Pl/Sr
3: 40°J/Vn/Fe+Mn/Pa/Wa/R
4: 15°J/Vn/Fe/Sp/Wa/R
5: 80°J/N/Fe/Sp/Pl/Sr

7: 50°J/N/Fe/Sp/Wa/R
8: 17°J/N/Fe+Sd/Sp/Wa/R
9: 88°Sh/N/Fe/Sp/Wa/Sr
10: 8°J/Vn/Fe+Sd/Sp/Wa/Sr
11: 8°J/Vn/Sd+Fe/Sp/Wa/R
1: 40°J/Vn/Fe+Mn/Sp/Wa/Sr
2: 50°J/Vn/Fe+Mn/Sp/Wa/Sr
3: 15°J/N/Fe/Sp/Wa/Sr
4: 12°J/N/Fe/Sp/Wa/R
5: 60°J/Vn/Fe/Sp/Pl/Sr
6: 20°J/Vn/Cl/Sp/Pl/Sr
7: 30°J/Vn/Fe/Sp/Pl/Sr
8: 50°J/N/Fe/Sp/Wa/R

1
2
3

4
5

1

2

1
2
3
4

7

5
6

8
9

10
11

1
2
3
4

7

5
6

8

NR

25:02 1 82 25

26:30 2 96 60

31:27 3 98 33

9
10
11

9: 5°J/N/Fe/Sp/Wa/R
10: 30°J/N/Fe/Sp/Wa/Sr
11: 8°J/N/Fe/Sp/Wa/Sr

1
2
3
4
5
6

1: 10°J/N/Fe/Sp/Wa/Sr
2: 80°J/N/Fe/Sp/Ir/R
3: 8°J/N/Fe+Sd/Sp/Ir/R
4: 8°J/Vn/Fe/Sp/Wa/R
5: 80°J/Vn/Fe+Mn/Sp/Pl/R
6: 8°J/N/Fe+Mn/Sp/Ir/R

1: 8°J/N/Fe/Sp/Wa/R
1

NR

NR

20:56 4 100 25

26:10 5 75 0

8:05 6 40 0Becomes Highly Weathered, Very Intensely Fractured

19,569

10,444

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 1



Boring Log B-3

5040302010

Date Drilled: 12-4-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 589 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-8

B-3 (P-30)

DampArtificial Fill (Qaf) - Clayey SAND
5.5 - Inch Asphalt

Medium
Dense

Gray
Brown

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 51.5 Feet

Groundwater Elevation During Drilling: 547 - Feet MSL (Approx.)Drilling Method: Hollow Stem Auger/Air Percussion
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Switched to Air Percussion Drilling

5:24

5:07

20
37
44 81

50+ 50+

32
50+ 50+

50+ 50+

108.0

Mission Valley Formation (Tmv) - Silty
SANDSTONE: Fine to Medium Grained, Trace of Fe2O3
Staining, Very Friable

Gravel Encountered (Hard Drilling)

Clayey SANDSTONE with Gravel up to 1-Inch

Gravel Encountered (Hard Drilling)

Olive
Gray

Brown

Silty SANDSTONE with Gravel: Fine to Medium
Grained

No Recovery
Abundance of Gravel and Cobble

Clayey SANDSTONE with Gravel and Cobble

Very
Dense

SC

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2

Stadium Conglomerate (Tst) - Silty SANDSTONE

NA
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DampStadium Conglomerate (Tst, cont.) - Clayey
SANDSTONE with Gravel and Cobble

Very
Dense

Olive
Gray
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7:19

5:40

5:46

6:16

9:00

Boring Log B-3

Project No.: T-0126-G Figure No.: B-9

B-3 (P-30)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 51.5 Feet

Notes: 1. Groundwater encountered at
42 Feet.

2. Switched to air percussion
drilling at 22 Feet.

Well Cemented SANDSTONE (Hard Drilling)

55

8
39

50+ 50+

34
50+ 50+

Becomes Gravelly (Hard Drilling)

Silty SANDSTONE with Gravel: Friable

Clayey SILTSTONE/Silty CLAYSTONE:Some Gravel Hard

Wet
105.3

114.5

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2

NA



Boring Log B-4

5040302010

Date Drilled: 12-8-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 576 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-10

B-4 (P-32)

4 - Inch Asphalt, 6 - Inch Base

Hard

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 50.5 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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21
50+ 50+

18
40

50+ 50+

13
50+ 50+

40
50+ 50+

99.8

Mission Valley Formation (Tmv) - SILTSTONE:
Fine Grained, Trace of Clay, Some Fe2O3 Staining

Tan
Brown

Tan to
Olive
Gray

Silty SANDSTONE: Fine Grained, Trace of Clay

Fe2O3 Staining
Gravel Encountered (Hard Drilling)

Silty CLAYSTONE: with Streaks of Fe2O3 Staining

Damp

Very
Dense

Olive
Gray to
Gray

Hard

Very
Moist

120.0

114.4

114.6

106.6

12
22
48 42

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2

NA
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Very
Moist

Mission Valley Formation (Tmv, cont.) - Silty
CLAYSTONE with Streaks of Fe2O3 Staining

HardOlive
Gray

to Gray
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Boring Log B-4

Project No.: T-0126-G Figure No.: B-11

B-4 (P-32)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 50.5 Feet

Note: 1. Groundwater not encountered.

55

50+ 50+

14
23

50+ 50+

Some Gravel and Caliche Deposits Encountered,
Highly Cemented

16
50+ 50+

18
50+ 50+

17
50+ 50+

105.5

106.0

97.7

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2
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Boring Log B-5
Date Drilled: 12-10-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 836 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-12

B-5 (P-36)

Granitic Rock (Kd) - Decomposed Granite: Red
Brown, Fine to Medium Grained, Damp,
Trace of Gravel

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Andres Lopez, EIT

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 39.5 Feet

Groundwater Elevation During Drilling: Not IdentifiedDrilling Method: Hollow Stem Auger/Rock Coring

Bl
ow

Co
un

ts

Becomes Light Brown, Dry, Trace of Clay, Some
Gravel

Discontinuity Description

No Recovery

Switched to Coring
Highly Weathered, Weak Rock, Intensely Fractured,
Trace of Clay and Fe2O3 Staining

1
2

3
4

1

2
3
4

5

6

1
2

3
4

9:47 1 61 0

18:43 2 60 7

22:49 3 88 33

No Recovery (Very Hard Drilling)

Increase in Fe2O3 Staining

Becomes Moderately Weathered, Moderately Strong
to Weak Rock, Moderately Fractured, Occasional Near
Vertical Fractures

30

Becomes Highly to Moderately Weathered, Intensely
Fractured, Weak to Very Weak Rock 24:30 4 71 7

1

2
3

NR

NR

NR

50+
50+

50+
50+

1: 10°J/Vn/Cl+Fe/Sp/Wa/R 2: 10°J/Vn/Cl+Fe/Sp/Wa/Vr
3: 10°J/Vn/Cl+Fe/Sp/Wa/R 4: 20°J/Vn/Cl+Fe/Sp/Pl/Sr

1: 40°J/Vn/Cl+Fe/Sp/Pl/S

2: 8°J/N/Cl+Fe/Sp/Wa/R
3: 10°J/Vn/Cl+Fe/Sp/Wa/Sr

1: 5°J/Vn/Cl+Fe/Su/Wa/R
2: 5°J/Vn/Cl+Fe/Su/Wa/R
3: 12°J/N/Cl+Fe/Sp/Wa/Sr
4: 9°J/N/Cl+Fe/Sp/Wa/Sr
5: 8°J/N/Cl+Fe/Sp/Wa/R
6: 10°J/Vn/Cl/Sp/Pl/Sr

1: 52°J/Vn/Fe/Su/Pl/Sr
2: 35°J/Vn/Cl+Fe/Su/Pl/Sr
3: 45°J/Vn/Cl+Fe/Su/Pl/Sr
4: 9°J/N/Fe/Su/Pl/Sr

3,185

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2



Boring Log (B-5)

35

40

Material Description

Ru
n

Nu
m

be
r

Re
co

ve
ry

%

De
pt

h
in

Fe
et

Dr
ive

n
Sa

m
pl

e

N
va

lu
e

Ti
m

e
(M

in
:S

ec
)

Granitic Rock (Kd, cont.) - Highly to Moderately
Weathered

Bl
ow

Co
un

ts

Becomes Moderately to Slightly Weathered,
Moderately Strong to Strong Rock, Moderately
Fractured, Moderately Hard to Hard Rock

Discontinuity Description

1
2
3
4
5
6

32:25 5 99 61

40:11 6 78 44

24:30 4 71 7

NR

Project No.: T-0126-G Figure No.: B-13

B-5 (P-36)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 39.5 Feet

Notes: 1. Groundwater not identified.
2. Switched to coring at 15 Feet.

1
2
3
4

7

5
6

8
9

10

5
6

NR
5: 60°J/Vn/Fe/Su/Pl/Sr
6: 25°J/Vn/Fe/Su/Pl/Sr
1: 2°J/Vn/Fe/Su/Pl/Sr
2: 50°J/Vn/Fe/Sp/Pl/Sr
3: 50°J/Vn/Fe/Sp/Pl/Sr
4: 25°J/Vn/Fe/Sp/Pl/Sr
5: 28°J/Vn/Fe/Sp/Pl/Sr
6: 22°J/Vn/Fe/Su/Pl/S
7: 85°J/Vn/Fe/Sp/Pl/Sr
8: 5°J/N/Fe/Sp/Wa/Sr
9: 8°J/N/Fe/Sp/Wa/Sr
10: 8°J/N/Fe/Sp/Wa/Sr
1: 25°J/Vn/Fe/Sp/Pl/Sr
2: 25°J/Vn/Fe/Sp/Pl/Sr
3: 27°J/Vn/Fe/Sp/Pl/Sr
4: 40°J/Vn/Fe/Sp/Pl/Sr
5: 5°J/N/Fe/Sp/Wa/R
6: 22°J/Vn/Fe/Su/Pl/Sr
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si)

Fr
ac

tu
re
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27,720Becomes Very Strong Rock

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2



Boring Log B-6
Date Drilled: 12-1-2014, 12-9-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 765 - Feet MSL (Approx.)
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Material Description
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Project No.: T-0126-G Figure No.: B-14

B-6 (P-39)

Santiago Peak Volcanics (Jsp) - Completely
Weathered Meta-Sedimentary/Metavolcanic Rock,
Red Brown, Fine Grained, Dry

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 27 Feet

Groundwater Elevation During Drilling: Not IdentifiedDrilling Method: Hollow Stem Auger/Rock Coring

Bl
ow

Co
un

ts

Discontinuity Description

Disturbed Sample

Becomes Slightly Weathered

Resumed Coring on 12/9/2014
Strong Rock, Some Fe2O3 Staining

Intermittent Zones of Completely Weathered and
Slightly Weathered Rock

End of Boring at 27.0 Feet

Notes: 1. Groundwater not identified.
2. Switched to coring at 6.0 Feet.

1

1

2

NR

5:48 1 100 0

32:05 2 47 28

27:09 3 20 0

1

NR

30

13:30 4 0 0

18:42 5 29 12

Switched to Coring

No Recovery, Becomes Completely Weathered

Intermittent Zones of Completely Weathered and
Slightly Weathered Rock

Becomes Slightly Weathered Rock, Moderately Hard
to Hard, Moderately Strong, Some
Fe2O3 Staining

NR

1: 45°J/Vn/Fe/Su/Pl/Sr

NR

1: 45°J/Vn/Fe/Sp/Pl/Sr

1: 45°J/N/Ca/Su/Pl/Sr

2: 20°J/Vn/Fe/Su/Pl/Sr
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4,563

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos
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Boring Log B-7

5040302010

Date Drilled: 12-1-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 724 - Feet MSL (Approx.)
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Material Description
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Project No.: T-0126-G Figure No.: B-15

B-7 (P-41a/CP-1)

3 - Inch Decomposed Granite

Medium
Dense

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 51.5 Feet

Groundwater Elevation During Drilling: 689 - Feet MSL (Approx.)Drilling Method: Hollow Stem Auger

Bl
ow

Co
un

ts

Ti
m

e
(M

in
:S

ec
)

7
14
11 15

7
14
22 22

11
15
17 19

17
36
47 50

115.1

Artificial Fill (Qaf) - Clayey SAND with Gravel:
Fine to Coarse
Grained

Brown

Brown

Damp

Gray
Brown

Hard Very
Moist

123.8

124.4

108.220
50+ 50+

SC

Abundance of Gravel

Light
Brown

Abundance of Gravel

Mission Valley Formation (Tmv) - Silty
CLAYSTONE: Moderately Weathered, White Streaks
(Striations), Some Fe2O3 Staining

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2



5040302010

45

35

50

40

Material Description
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DampMission Valley Formation (Tmv, cont.) - Silty
CLAYSTONE: Moderately Weathered, White Streaks
(Striations), Some Fe2O3 Staining

HardGray
Brown

Bl
ow
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un
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Ti
m

e
(M

in
:S

ec
)

Boring Log B-7

Project No.: T-0126-G Figure No.: B-16

B-7 (P-41a/CP-1)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 51.5 Feet

Note: 1. Groundwater encountered at
35 Feet.

55

17
31

50+ 50+

45
50+ 50+

Becomes Less Weathered, Absence of Fe2O3 Staining

42
50+ 50+

30
50+ 50+

32
50+ 50+

120.7

116.9

113.3

Wet

108.9

117.0

Becomes Moderately Weathered, Some Fe2O3
Staining

Some Gravel Encountered

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2



Boring Log B-8

5040302010

Date Drilled: 11-25-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 373 - Feet MSL (Approx.)

15

5

20

25

30

10

Material Description
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Project No.: T-0126-G Figure No.: B-17

B-8 (Vault)

6 - Inch Asphalt, 2.5 - Feet Class II Base

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Jeremiah Harrington, EIT

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 31.0 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger

Bl
ow
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ts
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e
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22
45

50+ 50+

28
50+ 50+

18
50+ 50+

112.7

Mission Valley Formation (Tmv) - Highly
Weathered SANDSTONE: Fine Grained

113.7

115.6

112.921
50+ 50+

Gray DampVery
Dense

28
50+ 50+

107.1

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2
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5040302010

35

Material Description
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DampMission Valley Formation (Tmv, cont.) - Highly
Weathered SANDSTONE:Fine Grained

Very
Dense

Gray

Bl
ow
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e
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Boring Log B-8

Project No.: T-0126-G Figure No.: B-18

B-8 (Vault)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 31.0 Feet

Note: 1. Groundwater not encountered.

33
50+ 50+

107.5

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2

NA



Boring Log B-9

5040302010

Date Drilled: 11-25-2014

Exploratory Equipment: Diedrich D-50 Surface Elevation: 353 - Feet MSL (Approx.)

15

5

20

25

30

10

Material Description
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Project No.: T-0126-G Figure No.: B-19

B-9 (P-42/CP-2)

3 - Inch Decomposed Granite

Medium
Dense

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Jeremiah Harrington, EIT

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 51.0 Feet

Groundwater Elevation During Drilling: 332 - Feet MSL (Approx.)Drilling Method: Hollow Stem Auger

Bl
ow
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e
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15
31
39 42

21
37

50+ 50+

18
39

50+ 50+

23
37
47 50

111.3

Disturbed Native - Sandy CLAY: Some Organics Dark
Brown

Damp

110.5

114.0

105.118
48

50+ 50+

CL

Mission Valley Formation (Tmv) - Silty
SANDSTONE: Abundant Fe2O3 Staining, Friable, Fine
to Medium Grained

Olive
Gray

Dense

Very
Dense

116.5

Tan Wet

Very
Moist

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2

NA



5040302010
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Material Description
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WetMission Valley Formation (Tmv, cont.) Silty
SANDSTONE

Very
Dense

Tan

Bl
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e
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)

Boring Log B-9

Project No.: T-0126-G Figure No.: B-20

B-9 (P-42/CP-2)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 51.0 Feet

Note: 1. Groundwater encountered at
21.5 Feet.

55

35
50+ 50+

27
50+ 50+

25
50+ 50+

30
50+ 50+

32
50+ 50+

110.8

108.1

113.0

106.7

105.2
Light
Gray

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos
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Boring Log B-10

5040302010

Date Drilled: 11-25-2014

Exploratory Equipment: Unimog Surface Elevation: 247 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-21

B-10 (P-44)

3 - Inch Decomposed Granite

Stiff

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 50.5 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger

Bl
ow
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ts
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e
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8
16
21 22

10
50+ 50+

24
50+ 50+

21
37

50+ 50+

103.6

Scripps Formation (Tsc) - Silty CLAYSTONE with
Gravel

Brown Damp

122.4

113.7

112.932
50+ 50+

Clayey SANDSTONE with Gravel: Some Fe2O3
Staining and Caliche Deposits

Medium
Dense

Very
Dense

123.4

Buff

Sandy CLAYSTONE: Fine to Medium Grained, Some
Biotite Specs

SANDSTONE: Fine to Medium Grained, Biotite Specs,
Some Fe2O3 Staining, Trace of Clay, Friable

White
to Gray

Yellow
Gray

Hard

Very
Dense

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2

NA



5040302010
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DampScripps Formation (Tsc, cont.) Clayey
SANDSTONE: Fine Grained

Very
Dense

White
Gray
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Boring Log B-10

Project No.: T-0126-G Figure No.: B-22

B-10 (P-44)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 50.5 Feet

Note: 1. Groundwater not encountered.

55

50+ 50+

27
50+ 50+

25
50+ 50+

50+ 50+

50+ 50+

114.8

120.9

113.9

112.6

99.9
Light
Gray

Abundance of Fe2O3 Staining

Fine to Medium Grained

Some Gray Siltstone

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2
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Boring Log B-11

5040302010

Date Drilled: 11-25-2014

Exploratory Equipment: Unimog Surface Elevation: 403 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-23

B-11 (P-45)

3 - Inch Decomposed Granite

Medium
Dense

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 51.0 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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11
31

50+ 50+

10
50+ 50+

19
50+ 50+

21
37

50+ 50+

113.5

Stadium Conglomerate (Tst) - Silty/Clayey
SANDSTONE with Abundant Gravel and Cobble

Brown Damp

114.5

103.5

106.310
19
40 35

Friars Formation (Tf) - Clayey SANDSTONE/Sandy
CLAYSTONE: Some Fe2O3 Staining, Fine Grained

110.2

Gray

Fine to Medium Grained, Trace of Silt and Clay

SILTSTONE/CLAYSTONE

Gray Very
Moist

Yellow
Brown

Very
Dense

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos
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5040302010
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Material Description
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DampFriars Formation (Tf, cont.) SANDSTONE: Fine
Grained, Specs of Black Biotite

Very
Dense

Buff
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Boring Log B-11

Project No.: T-0126-G Figure No.: B-24

B-11 (P-45)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 51.0 Feet

Note: 1. Groundwater not encountered.

55

24
50+ 50+

26
50+ 50+

50+ 50+

50+ 50+

50+ 50+

109.2

110.5

104.6
Light
Gray

No Recovery, Hard Drilling, Some Gravel

Fine to Medium Grained, Trace of Clay, Some Fe2O3
Staining, Specs of Black Biotite

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2



Boring Log B-12

5040302010

Date Drilled: 11-24-2014

Exploratory Equipment: Unimog Surface Elevation: 288 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-25

B-12 (P-47)

3 - Inch Decomposed Granite

Medium
Dense

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 43.0 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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11
31

50+ 50+

10
50+ 50+

19
50+ 50+

21
37

50+ 50+

106.0

Scripps Formation (Tsc) - Silty SANDSTONE: Fine
Grained, Some Fe2O3 Staining

Gray Damp

119.3

111.310
19
40 35

Fine to Medium Grained Very
Dense

107.0Gravel Encountered

Slow Drilling Due to Gravel

Gravel Encountered

Fine to Medium Grained, Trace of Silt and Clay,
Interbedded Gravel Layers

Becomes Silty

2-Feet of Gravel Encountered

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 1 of 2
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DampScripps Formation (Tsc, cont.) Silty SANDSTONE
with Gravel

Very
Dense

Gray
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Boring Log B-12

Project No.: T-0126-G Figure No.: B-26

B-12 (P-47)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 43.0 Feet

Note: 1. Groundwater not encountered.

50+ 50+

50+ 50+

50+ 50+

116.7

Gravel Encountered

Some Fe2O3 Staining, Interbedded Layers of Silty
Sand and Gravel, Trace of Clay

99.2

Refusal

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Sheet 2 of 2



Boring Log B-13

5040302010

Date Drilled: 1-23-2015

Exploratory Equipment: Diedrich D-50 Surface Elevation: 404 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-27

B-13 (P-50)

6 - Inch Asphalt, 2.5 - Feet Class II Base

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 31.5 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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DampMission Valley Formation (Tmv, cont.) - Highly
Weathered SANDSTONE:Fine Grained

Very
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Boring Log B-13

Project No.: T-0126-G Figure No.: B-28

B-13 (P-50)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 31.5 Feet

Note: 1. Groundwater not encountered.
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Boring Log B-14

5040302010

Date Drilled: 1-23-2015

Exploratory Equipment: Diedrich D-50 Surface Elevation: 295 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-29

B-14 (P-54)

6 - Inch Asphalt, 2.5 - Feet Class II Base

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 31.5 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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Mission Valley Formation (Tmv) - Highly
Weathered SANDSTONE: Fine Grained
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50+ 50+

Gray DampVery
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DampMission Valley Formation (Tmv, cont.) - Highly
Weathered SANDSTONE:Fine Grained

Very
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Boring Log B-14

Project No.: T-0126-G Figure No.: B-30

B-14 (P-54)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 31.5 Feet

Note: 1. Groundwater not encountered.
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Boring Log B-15

5040302010

Date Drilled: 1-23-2015

Exploratory Equipment: Unimog Surface Elevation: 270 - Feet MSL (Approx.)
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Project No.: T-0126-G Figure No.: B-31

B-15 (P-55)

3 - Inch Decomposed Granite

Medium
Dense

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 51.0 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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CLAYSTONE: Some Fe2O3 Staining, Fine Grained
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Fine to Medium Grained, Trace of Silt and Clay
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DampFriars Formation (Tf, cont.) SANDSTONE: Fine
Grained, Specs of Black Biotite
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Boring Log B-15

Project No.: T-0126-G Figure No.: B-32

B-15 (P-55)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 51.0 Feet

Note: 1. Groundwater not encountered.
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Boring Log B-16

5040302010

Date Drilled: 11-24-2014

Exploratory Equipment: Unimog Surface Elevation: 389 - Feet MSL (Approx.)

15

5

20

25

30

10

Material Description

Co
lo

r

Co
ns

is
te

nc
y

M
oi

st
ur

e Moisture Content (% Dry Weight)

D
ep

th
in

Fe
et

D
riv

en
Sa

m
pl

e

N
va

lu
e

U
SC

S

D
ry

D
en

si
ty

(p
cf

)

Project No.: T-0126-G Figure No.: B-33

B-16 (P-61)

3 - Inch Decomposed Granite

Medium
Dense

Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Logged By: Nicholas Tracy, PE

Driving Weight: 140 lbs - 30" drop Total Depth of Boring: 50.5 Feet

Groundwater Elevation During Drilling: Not EncounteredDrilling Method: Hollow Stem Auger
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Linda Vista Formation (Tln) - Silty SANDSTONE
with Gravel
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Scripps Formation (Tsc, cont.) SANDSTONE Very
Dense

Gray
Brown
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Boring Log B-16

Project No.: T-0126-G Figure No.: B-34

B-16 (P-61)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

End of Boring at 50.5 Feet

Note: 1. Groundwater not encountered.
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APPENDIX C
Rock Core Photographs
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APPENDIX D
Laboratory Test Results



Laboratory Test Results 
 
 
In-Situ Moisture Content and Dry Density 
 
The in-situ moisture content of the soils was determined in accordance with ASTM D-2216 and 
D-2937 laboratory test method.  This method involves obtaining the moist weight of the sample 
and then drying the sample to obtain its dry weight, the moisture content is calculated by taking 
the difference between the wet and dry weights, dividing it by the dry weight of the sample and 
expressing the result as a percentage.  The dry density is calculated by dividing the dry weight 
by the total volume.  The results of the in-situ moisture content and dry density tests are 
presented in the table below and on Appendix B, Exploratory Boring Logs: 
 

Table 1: Moisture Content and Dry Density Test Results (ASTM D-2216 & D-2937) 
 

Location 
Moisture 

Content (%) 
Dry Density 

(pcf) 

B-1 @ 6-10’ 6.0 -- 

B-1 @ 10-14’ 4.4 -- 

B-1 @ 18-22’ 3.8 -- 

B-1 @ 22-26’ 2.6 -- 

B-1 @ 26-30’ 2.6 -- 

B-1 @ 30-34’ 3.1 -- 

B-1 @ 34-38’ 2.0 -- 

B-1 @ 38-42’ 1.8 -- 

B-1 @ 42-46’ 2.8 -- 

B-1 @ 46-50’ 2.5 -- 

B-3 @ 5’ 6.0 -- 

B-3 @ 10’ 4.5 -- 

B-3 @ 15’ 8.6 108.0 

B-3 @ 22-26’ 8.6 -- 

B-3 @ 26-30’ 7.5 -- 

B-3 @ 30-34’ 5.9 -- 

B-3 @ 34-38’ 8.9 -- 

B-3 @ 42’ 14.0 105.3 

B-3 @ 50’ 17.8 114.5 

B-4 @ 5’ 10.9 120.0 

B-4 @ 10’ 16.7 114.4 

B-4 @ 15’ 13.0 114.6 

B-4 @ 20’ 15.4 99.8 



Location 
Moisture 

Content (%) 
Dry Density 

(pcf) 

B-4 @ 25’ 19.5 106.6 

B-4 @ 30’ 19.7 105.5 

B-4 @ 35’ 18.3 106.0 

B-4 @ 45’ 21.8 97.7 

B-7 @ 5’ 10.7 123.8 

B-7 @ 10-12’ 8.6 -- 

B-7 @ 12’ 4.5 -- 

B-7 @ 15’ 5.7 124.4 

B-7 @ 20’ 14.6 115.1 

B-7 @ 25’ 10.5 108.2 

B-7 @ 30’ 8.9 120.7 

B-7 @ 35’ 14.5 116.9 

B-7 @ 40’ 12.4 117.0 

B-7 @ 45’ 14.8 113.3 

B-7 @ 50’ 14.3 108.9 

B-8 @ 5’ 5.4 113.7 

B-8 @ 10’ 5.8 107.1 

B-8 @ 15’ 6.9 115.6 

B-8 @ 20’ 6.3 112.7 

B-8 @ 25’ 7.5 112.9 

B-8 @ 30’ 9.6 107.5 

B-9 @ 5’ 9.8 110.5 

B-9 @ 10’ 13.2 116.5 

B-9 @ 15’ 15.9 114.0 

B-9 @ 20’ 17.0 111.3 

B-9 @ 25’ 14.7 105.1 

B-9 @ 30’ 14.0 110.8 

B-9 @ 35’ 14.5 108.1 

B-9 @ 40’ 16.1 105.2 

B-9 @ 45’ 13.7 113.0 

B-9 @ 50’ 18.2 106.7 

B-10 @ 5’ 8.2 122.4 

B-10 @ 10’ 7.4 123.4 



Location 
Moisture 

Content (%) 
Dry Density 

(pcf) 

B-10 @ 15’ 5.8 113.7 

B-10 @ 20’ 6.5 103.6 

B-10 @ 25’ 6.7 112.9 

B-10 @ 30’ 12.6 114.8 

B-10 @ 35’ 7.1 120.9 

B-10 @ 40’ 7.5 99.9 

B-10 @ 45’ 8.7 113.9 

B-10 @ 50’ 10.6 112.6 

B-11 @ 5’ 16.9 114.5 

B-11 @ 10’ 15.0 110.2 

B-11 @ 15’ 13.8 103.5 

B-11 @ 20’ 17.3 113.5 

B-11 @ 25’ 21.2 106.3 

B-11 @ 30’ 10.3 109.2 

B-11 @ 40’ 8.1 104.6 

B-11 @ 45’ 9.6 110.5 

B-12 @ 5’ 12.1 119.3 

B-12 @ 10’ 7.3 107.0 

B-12 @ 20’ 8.2 106.0 

B-12 @ 25’ 8.5 111.3 

B-12 @ 30’ 8.1 116.7 

B-12 @ 35’ 6.8 99.2 

B-13 @ 5’ 8.6 112.3 

B-13 @ 10’ 5.3 -- 

B-13 @ 15’ 10.2 120.8 

B-13 @ 20’ 8.5 117.0 

B-13 @ 25’ 10.7 109.1 

B-13 @ 30’ 10.7 116.7 

B-14 @ 5’ 16.4 111.3 

B-14 @ 10’ 7.1 98.9 

B-14 @ 15’ 13.4 112.8 

B-14 @ 20’ 18.2 109.8 

B-14 @ 25’ 17.1 113.7 

B-14 @ 30’ 19.2 110.3 



Location 
Moisture 

Content (%) 
Dry Density 

(pcf) 

B-15 @ 5’ 14.3 112.5 

B-15 @ 10’ 14.8 109.8 

B-15 @ 15’ 15.6 109.3 

B-15 @ 20’ 16.4 114.3 

B-15 @ 25’ 15.8 112.1 

B-15 @ 30’ 14.8 117.8 

B-15 @ 35’ 16.9 110.8 

B-15 @ 40’ 15.8 115.7 

B-15 @ 50’ 1.5 -- 

B-16 @ 10’ 15.0 96.0 

B-16 @ 20’ 15.1 95.4 

B-16 @ 30’ 14.8 102.2 

B-16 @ 40’ 19.4 108.0 

B-16 @ 50’ 18.9 101.3 

 
 
 
Particle Size Analyses  
 
In accordance with ASTM D-422, quantitative determinations of the distribution of coarse-
grained particle sizes in selected samples were made.  Mechanically actuated sieves were 
utilized for separating the various classes of coarse-grained (gravel and sand) particles.  For soil 
samples containing fine-grained particle sizes, additional testing was conducted in accordance 
with ASTM D-1140 to determine the fines content (i.e., soil passing a No. 200 Sieve).  The sieve 
analysis test results are provided in the table below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2: Sieve Analysis Test Results (ASTM D-422 & D-1140) 
 

Sieve Size 
B-1 @ 1-4’ 

Percent 
Passing 

B-2 @ 0-2’ 
Percent 
Passing 

B-3 @ 1-4’ 
Percent 
Passing 

B-4 @ 1-4’ 
Percent 
Passing 

B-5 @ 1-4’ 
Percent 
Passing 

B-6 @ 0-3’ 
Percent 
Passing 

2 in 
1 in 
¾ in 
½ in 
3
/8 in 
¼ in 
#4 
#8 
#10 
#16 
#30 
#40 
#50 
#100 
#200 

100 
92 
89 
78 
76 
71 
67 
59 
56 
50 
41 
35 
30 
24 
20 

100 
91 
91 
90 
88 
86 
84 
75 
71 
59 
48 
43 
39 
30 
26 

100 
100 
100 
100 
100 
100 
100 
99 
99 
98 
95 
87 
79 
59 
49 

100 
100 
100 
98 
97 
96 
95 
93 
93 
91 
88 
86 
84 
75 
60 

100 
100 
100 
100 
100 
100 
99 
87 
87 
70 
52 
45 
40 
31 
26 

100 
95 
91 
81 
73 
64 
58 
48 
46 
41 
36 
34 
32 
29 
26 

Classification (SM) (SM) (SC) (ML) (SC) (SM) 

 
 

Sieve Size 
B-7 @ 0-3’ 

Percent 
Passing 

B-8 @ 0-2’ 
Percent 
Passing 

B-9 @ 1-4’ 
Percent 
Passing 

B-10 @ 0-3’ 
Percent 
Passing 

B-11 @ 0-3’ 
Percent 
Passing 

B-12 @ 0-3’ 
Percent 
Passing 

2 in 
1 in 
¾ in 
½ in 
3
/8 in 
¼ in 
#4 
#8 
#10 
#16 
#30 
#40 
#50 
#100 
#200 

100 
100 
100 
95 
90 
87 
83 
73 
70 
64 
57 
53 
49 
42 
37 

100 
100 
100 
91 
80 
67 
61 
44 
40 
32 
24 
21 
17 
10 
7 

100 
100 
100 
100 
100 
100 
100 
100 
100 
99 
98 
96 
87 
66 
55 

100 
100 
100 
100 
99 
99 
99 
99 
99 
98 
96 
91 
82 
61 
53 

100 
100 
97 
92 
89 
84 
80 
70 
68 
63 
58 
54 
51 
41 
31 

100 
100 
100 
100 
100 
100 
100 
99 
98 
96 
93 
92 
91 
76 
39 

Classification (SC) (SM) (CL) (CL) (SM) (SM) 

 
 
 
 
 
 
 
 
 
 



Sieve Size 
B-13 @ 1-4’ 

Percent 
Passing 

B-14 @ 1-4’ 
Percent 
Passing 

B-15 @ 2-4’ 
Percent 
Passing 

B-16 @ 1-4’ 
Percent 
Passing 

2 in 
1 in 
¾ in 
½ in 
3
/8 in 
¼ in 
#4 
#8 
#10 
#16 
#30 
#40 
#50 
#100 
#200 

100 
100 
96 
91 
86 
81 
78 
71 
69 
64 
54 
45 
37 
27 
22 

100 
100 
95 
93 
92 
90 
88 
85 
85 
82 
80 
79 
79 
68 
45 

100 
100 
100 
100 
100 
100 
100 
99 
99 
99 
98 
98 
97 
91 
79 

100 
100 
100 
100 
99 
97 
95 
92 
91 
88 
80 
70 
59 
45 
38 

Classification (SM) (SM) (ML) (SM) 

 
 
Direct Shear 
 
Direct shear tests were performed on relatively undisturbed samples in accordance with ASTM 
D-3080 to evaluate the shear strength characteristics of the in-situ materials.  The test method 
consists of placing the soil sample in the direct shear device, applying a series of normal 
stresses, and then shearing the sample at a constant rate of shearing deformation.  The 
shearing force and horizontal displacements are measured and recorded as the soil specimen is 
sheared.  The shearing is continued well beyond the point of maximum stress until the stress 
reaches a constant or residual value.  Final test results are presented in the table below: 
 

Table 3: Direct Shear Test Results (ASTM D-3080) 
 

Location 
Apparent 
Cohesion 

(psf) 

ᶲ 
(degrees) 

B-3 @ 15’ 100 32 

B-4 @ 10’ 75 42 

B-9 @ 15’ 500 39 

B-10 @ 10’ 190 39 

B-10 @ 20’ 200 29 

B-11 @ 10’ 347 44 

B-12 @ 20’ 290 30 

B-13 @ 15’ 1000 35 

B-14 @ 10’ 405 34 

B-15 @ 5’ 880 32 

B-15@ 25’ 1135 35 

B-16 @ 15’ 208 34 



Thermal Resistivity 
 
Thermal resistivity tests were performed on remolded and relatively undisturbed samples in 
accordance with ASTM D-5334 to evaluate the thermal properties of the on-site materials. The 
test method consists of inserting a single probe into the specimen that applies heat at a 
continuous rate. The probe is connected to a thermal sensor that measures the rate at which 
heat is transferred away from the probe. The results of the tests are summarized in the table 
below: 
 

Table 4: Thermal Resistivity (ASTM D-5334) 
 

Location 
Undisturbed 

or 
Remolded 

As 
Received 

(cm °C W
-1
) 

As 
Received 
Moisture 
Content 

(%) 

Mid-Point 

(cm °C W
-1
) 

Mid-Point 
Moisture 
Content 

(%) 

0% 
Moisture 

(cm °C W
-1
) 

B-7 @ 5’ Undisturbed 63.7 8.4 67.8 6.4 94.8 

B-7 @ 11’ Undisturbed 81.2 5.4 83.7 4.6 138.6 

B-8 @ 5’ Remolded 62.9 4.6 67.1 4.0 133.3 

B-8 @ 10’ Undisturbed 74.8 4.7 84.5 4.0 165.1 

B-9 @ 5’ Remolded 67.2 4.7 68.5 3.9 110.9 

B-9 @ 10’ Undisturbed 67.1 5.0 67.3 4.2 109.9 

 
 
 
Unconfined Compressive Strength of Rock Cores 
 
Unconfined compressive strength tests were performed on rock core specimens in accordance 
with ASTM D-7012. The test method determines compressive strength of intact rock core 
samples by applying an axial load at a continuous rate until a maximum load is achieved. The 
results of the tests are summarized in the table below and on Appendix B, Exploratory Boring 
Logs: 
 

Table 5: Unconfined Compressive Strength Results (ASTM D-7012) 
 

Boring No. 
Depth 

(ft) 

Unconfined 
Compressive 

Strength 
(psi) 

B-2 5.5 19,569 

B-2 12.0 10,444 

B-5 21.5 3,185 

B-5 37.0 27,720 

B-6 7.0 10,840 

B-6 27.0 4,563 

 
 
 



Corrosion Tests 
 
Chemical analytical tests were performed on bulk soil samples collected during the field 
exploration program to evaluate the corrosion potential of the on-site materials. These tests 
were performed in accordance with California Test Method Nos. 417 (sulfate), 422 (chloride), 
and 643 (pH and resistivity).  The results of the tests are summarized below: 

 
Table 6: Corrosion Test Results (CTM Nos. 417, 422, & 643) 

 

Boring No. 
Depth 
(feet) 

pH 
Resistivity 
(ohm-cm) 

Chloride Content 
(ppm) 

Sulfate Content 
(ppm) 

B-1 1-4 6.3 2371 30 13 

B-2 0-2 7.0 4828 30 12 

B-3 1-4 10.0 1096 26 6 

B-4 1-4 8.3 786 35 62 

B-5 1-4 7.6 1357 58 6 

B-6 0-3 6.9 1405 47 16 

B-7 0-3 8.7 905 45 110 

B-8 0-2 9.4 1128 29 67 

B-9 1-4 7.2 718 35 3 

B-10 0-3 6.1 386 413 74 

B-11 0-3 6.5 621 38 12 

B-12 0-3 8.3 285 240 220 

B-13 1-4 6.2 2205 52 18 

B-14 1-4 8.3 1024 368 80 

B-15 1-4 7.7 377 49 4 

B-16 1-4 5.6 646 173 25 
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Figure No.: G-2Project No.: T-0126-G

SDG&E 230 kV Transmission Line
Sycamore to Penasquitos

Seismic Design Parameters (Vaults)Trinity Geotechnical
Engineering, Inc.
13230 Evening Creek Drive
Suite 206
San Diego, CA 92128
Phone: 858.486.2888

Note: The seismic design parameters above were developed using the USGS Seismic Design Maps & Tool available on the USGS website (http://earthquake.usgs.gov)

2012 IBC Seismic Design Parameter V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

Latitude, N (deg) 32.9890 32.9865 32.9838 32.9801 32.9780 32.9757 32.9725 32.9708 32.9705 32.9700

Longitude, W (deg) -117.1303 -117.1295 -117.1339 -117.1374 -117.1424 -117.1467 -117.1509 -117.1545 -117.1612 -117.1678

Site Class Definition D C C C C C C C C C

Mapped Spectral Accelerations for short periods, SS (g) 0.931 0.930 0.932 0.932 0.934 0.936 0.938 0.942 0.950 0.957

Mapped Spectral Accelerations for 1-sec period, S1 (g) 0.364 0.364 0.364 0.364 0.364 0.365 0.365 0.367 0.369 0.372

Site Coefficient, Fa 1.13 1.03 1.03 1.03 1.03 1.03 1.03 1.02 1.02 1.02

Site Coefficient, Fv 1.67 1.44 1.44 1.44 1.44 1.44 1.44 1.43 1.43 1.43

Maximum considered earthquake spectral response acceleration for short periods, SMS
adjusted for Site Class (g)

1.050 0.956 0.957 0.958 0.959 0.960 0.961 0.964 0.969 0.974

Maximum considered earthquake spectral response acceleration at 1-sec period, SM1
adjusted for Site Class (g)

0.609 0.522 0.523 0.523 0.523 0.524 0.524 0.525 0.528 0.531

Five-percent damped design spectral response acceleration at short periods, SDS (g) 0.700 0.638 0.638 0.638 0.639 0.640 0.641 0.642 0.646 0.649

Five-percent damped design spectral response acceleration at 1-sec period, SD1 (g) 0.406 0.348 0.348 0.348 0.349 0.349 0.349 0.350 0.352 0.354
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