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LANDMARK CONSULTANTS, INC. 

CLIENT: Apex Energy Solutions, LLC 

PROJECT: Northstar 2 Solar Project, Brawley, CA 

PROJECT No: LE22170 DATE: 9/27/2017 

DIRECT SHEAR TEST - INSITU (ASTM D3080) 

SAMPLE LOCATION: _____ B_-3~@_1_0_fl ____ _ 

SAMPLE DESCRIPTION: _____ s_a_nd~(S_P~) ____ _ 

Angle of Internal Friction: 35° Initial Dry Density: 80. 7 pcf 
Cohesion: 0.08 ksf Initial Moisture Content: 1.1% 

DIRECT SHEAR TEST RESULTS 
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LANDMARK CONSULTANTS, INC. 

CLIENT: Apex Energy Solutions, LLC 

PROJECT: Northstar 2 Solar Project, Brawley, CA 

PROJECT No: LE22170 DATE: 9/27/2017 

DIRECT SHEAR TEST - INSITU (ASTM D3080) 

SAMPLE LOCATION: _____ B-4_@_7._5_ft ____ _ 

SAMPLE DESCRIPTION: _____ s_a_nd~(S_P~) ____ _ 

Angle of Internal Friction: 35° Initial Dry Density: 100.8 pcf 
Cohesion: 0.22 ksf Initial Moisture Content: 0.6% 

DIRECT SHEAR TEST RESULTS 
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LANDMARK CONSULTANTS, INC. 

CLIENT: Apex Energy Solutions, LLC 

PROJECT: Northstar 2 Solar Project, Brawley, CA 

PROJECT No: LE22170 DATE: 9/27/2017 

DIRECT SHEAR TEST - INSITU (ASTM D3080) 

SAMPLE LOCATION: _____ B_-5~@_1_0_fl ____ _ 

SAMPLE DESCRIPTION: _____ s_a_nd~(S_P~) ____ _ 

Angle of Internal Friction: 33° Initial Dry Density: 95.2 pcf 
Cohesion: 0.19 ksf Initial Moisture Content: 0.8% 

DIRECT SHEAR TEST RESULTS 

"ii 2 +----+----+-----+-----+--------++-------,,,,c.._____,-----t-----+----+----+----+------1 
GI 
.c 
1/) 

0+----~--+----~--+----~~-----+--~----+--~----+--~------1 

0 2 

LANDMARK 
Geo-Engineers and Geologists 

PROJECT No: LE22170 

3 4 

Normal Stress, ksf 

Direct Shear Test Results 

5 

Plate 
C-9 

6 



APPENDIX D 



BELL 

M 
w 
z 
0 
N 

a: 
w 

...J 0.. 

...J 0.. 
[i: ::, 
,.:: 
(.) 
<{ 
O'.l 

I w 
>- z 
0.. 0 w N 
0 

w 
I ...J 

(.) 0 
z 0 
w ~ a: 
>-

(!) 
w 
z 

z 0 
15 N 
0 w w 0.. O'.l a: 

318" MAX 
CRUSHED ROCK 

TRENCH WIDTH 

•. 

318" MAX 
CRUSHED ROCK 

TYPE B 

-~~ 

~~ 
m~ 

~ 
~ = 1 ~J' , 
cr, C\I 

TRENCH WIDTH 

. 
* 0 
a, 

~ - ,:; ~::; 

. 
* 0 
a, 

~ 

TYPE A 
STANDARD INSTALLATION 

,11~11 

6" MIN -
8" MAX 

4" TO 
18" PIPE 

INVERT ELEVATION 

SPRINGLINE 

4" MIN TO 8" MAX r- BENEATH PIPE OR 
_l 1' MIN BENEATH BELL 

WHICHEVER IS GREATER 

1 BELL 

ROCK TO SPRINGLINE 

NOTES 

--~~ 

'l 
~ w 

'~ 

~o 
...J w 
(1)5' 

~ ~~ 
>- <{ 

~z 
::JQ 

::;~ 
::, <{ 
::;u 
~~ 
::; 

[)/4 

-----i__4" MIN TO 8" MAX 
BENEATH PIPE OR 
1' MIN BENEATH BELL 
WHICHEVER IS GREATER 

TRENCH WIDTH 
,11~11 

ROCK 

'----- 4" MIN TO 8" MAX 
BENEATH PIPE OR 

TYPE C 
ROCK ENVELOPE 

1' MIN BENEATH BELL 
WHICHEVER IS GREATER 

1. FOR TRENCH RESURFACING IN IMPROVED STREETS, SEE STANDARD DRAWINGS SDG-107 AND SDG-108. 

2. (*) INDICATES MINIMUM RELATIVE COMPACTION. 

3. MINIMUM DEPTH OF COVER FROM THE TOP OF PIPE TO FINISH GRADE FOR PVC SOR 35 SEWER MAIN SHALL BE 5'. 
FOR SHALLOWER DEPTH, SPECIAL DESIGN IS REQUIRED. SEE SDS-101. 

4. SEE TYPE A INSTALLATION FOR DETAILS NOT SHOWN FOR TYPES B AND C. 

5. FOR PIPE SIZE ENCASEMENT LARGER THAN 15", MAXIMUM SIDE WALL CLEARANCE SHALL BE 12" OR AS SHOWN ON THE PLANS. 
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From: City of San Diego Standard Drawing SDS-110 (2016) 
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INTRODUCTION

RFYeager Engineering has completed an electrical and thermal resistivity assessment at the
proposed Site LE22170 of the NorthStar Solar Project east of Orita, California. A chemical analysis
of three (3) soil samples provided by Landmark was also conducted. The objective of this study
is to determine the thermal and electrical resistivity, as well as to determine the corrosivity of
the soil at the project site.

The location and numbering of the assessment sites is shown in Figure 1 at the end of this report.
Figure 1 is based upon the site map provided by Landmark.

SCOPE

The electrical resistivity of the soil was determined by using the Wenner 4 pin method in
accordance with ASTM G57 standards. Six readings were obtained and recorded for each
assessment site based upon pin spacings of 40, 20, 15, 10, 5, and 2.5 feet. Readings were
recorded at three locations within the Site LE22170 boundaries. All resistivity readings were
recorded utilizing a Soil Resistance Meter (Megger Model DET4T2).

The soil corrosivity was evaluated based on the results of the field soil electrical resistivity
assessment and the chemical analyses of the thee soil samples. The soil samples were obtained
by Landmark from a depth of approximately 3 feet. The samples were analyzed for pH, soluble
salts (chlorides and sulfates) as well as resistivity in the saturated condition.

The thermal resistivity was determined using a Decagon KD2 Pro Portable Thermal Properties
Analyzer (KD2 Pro) outfitted with the 100 mm long, 2.4 mm diameter TR-1 sensor. The KD2 Pro
works in accordance with ASTM D5334-08 using a transient heat method.

CONCLUSIONS

The following are significant conclusions resulting from this assessment:

1. The results of the field electrical resistivity assessment are provided in Table 1. Resistivity
readings ranging from 3,830 ohm-cm to 231,236 ohm-cm. It is noted that the dry, loose
soil conditions made it challenging to obtain accurate field data. Large amounts of water
had to be poured at each pin location in order to achieve sufficient electrical contact with
the earth.

NorthStar Solar Site LE22170- Soil Assessment 
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Table 1 – NorthStar Solar Site LE22170
Soil Electrical Resistivity Data

Prepared by: RFYeager Engineering
Test Date: 8.30.2022

Soil Resistivity (Ohm-cm)
Assessment Site Ave. Soil Depth (feet)

Test No. ID 40 20 15 10 5 2.5

1 ER-1 16086 15780 31885 56684 166605 231236

2 ER-2 18384 22214 37055 44237 69898 177138

3 ER-3 3830 5132 8905 10150 10916 28246

1 - See Figure 1 for soil assessment location relative to project site

2. The soil sample chemical analysis results were varied (see Table 2). The saturated soil
resistivities of Samples 1 and 2 were 6,000 ohm-cm and 7,200 ohm-cm, respectively. The
saturated soil resistivity of Sample 3, located on the northern half of the project boundaries,
was much lower at 340 ohm-cm. Samples 1 and 2 contained relatively low concentrations
of chlorides (i.e. less than 300 ppm) and sulfates (i.e. less than 1000 ppm). Sample 3
contained appreciably higher concentrations of soluble salts which is consistent with the
measured low saturated soil resistivity. The pH readings for all soil samples are indicative of
slightly alkaline soil conditions.

Table 2 – NorthStar Solar Site LE22170
Chemical Analysis Data

Prepared by: RFYeager Engineering

Sample ID1
Min. Soil Box
Resistivity2

(ohm-cm)

Chloride
Concentration3

(ppm)

Sulfate
Concentration4

(ppm)
pH5

1 6,000 30 60 8.3

2 7,200 30 40 8.4

3 340 850 510 8.0

1 - See Figure 1 for soil sample location. Soil sample taken from a depth of 3 feet
2 - Min. Electrical Resistivity - Miller Soil Box Method, Cal. Test 643
3 - Soluble Soil Chlorides - Cal. Test 422
4 - Soluble Sulfate Content - Cal. Test 417
5 - pH - Cal. Test 643

NorthStar Solar Site LE22170 - Soil Assessment 
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3. It is noted that the saturated soil box resistivities measured from the three soil samples are
lower than the Wenner 4-pin resistivities taken in the field. This is likely due to the relatively
dry soil conditions at the project site during the field assessment. The dryer the soil, the lesser
the impact soluble soil salts have on resistivity. The saturated (minimum) soil box
measurements represent the lowest, most corrosive conditions whereby the soils become
fully saturated and have the lowest resistivity.

4. The soil at test site 3, located within the northern half of LE22170, is considered corrosive to
buried metallic structures. This conclusion is based primarily on the low saturated soil
resistivity and high soluble salt concentrations. Accordingly, supplemental corrosion control
measures, such as cathodic protection, are recommended for buried metallic utilities in the
vicinity of test site 3. The soil assessment results from test sites 1 and 2, near the southern
edge of LE22170 is indicative of soil which is relatively non-aggressive to buried metallic
structures. This conclusion is based on the high soil resistivities and low soluble salt
concentrations at both assessment sites. Accordingly, supplemental corrosion control
measures, such as cathodic protection, are not considered a requirement for the Project new
buried metallic ferrous piping in this area. However, standard corrosion control measures
(such as proper coatings and elimination of electrical contact between dissimilar metals) are
warranted for long-term, corrosion-free service and to preserve future corrosion control
options

5. The soil thermal resistivity is provided in Table 3. The corresponding Time vs. Temperature
graphs for each assessment site is provided in Appendix A.

Table 3 – NorthStar Solar Site LE22170
Thermal Resistivity Data

Prepared by: RFYeager Engineering

Sample ID1 In-Situ Thermal Resistivity2

(m 0CW-1)

TR1 4.16

TR2 3.91

TR3 4.38

1 - See Figure 1 for sample location relative to project site
2 – ASTM D5334-08.

NorthStar Solar Site LE22170 - Soil Assessment 
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DISCUSSION

Electrical Resistivity Assessment

Soil electrical resistivity (inverse of conductivity) measures the ability of an electrolyte (soil) to
support electrical current flow. The most common method of measuring soil electrical resistivity
is the Wenner 4-Pin Method which uses four pins (electrodes) that are driven into the earth and
equally spaced apart in a straight line. The Wenner 4-pin Method provides an average resistivity
of a hemisphere (essentially) of soil whose diameter is approximately equal to the pin spacing.
For example, the electrical resistivity value obtained with the pins spaced at 5 feet apart is the
average resistivity of a hemisphere of soil from the surface to a depth of 5 feet. By taking readings
at different pin spacings (or depths), average soil electrical resistivity conditions can be obtained
within areas at, above, and below trench zones.

Corrosion versus Resistivity

Corrosion is an electrochemical process, whereby the reaction rate is largely dependent upon the
electrical conductivity of the surrounding electrolyte. Accordingly, the lower the electrical
resistivity, then the greater the current flow and the greater the corrosion rate assuming all other
factors are equal.

One common relationship between corrosivity and soil electrical resistivity used by corrosion
engineers is provided on the following page.

Corrosivity Electrical Resistivity
Very Corrosive 0-1000 ohm-cm
Corrosive 1001-2000 ohm-cm
Fairly Corrosive 2001-5000 ohm-cm
Moderately Corrosive 5001-12000 ohm-cm
Slightly Corrosive 12001-30000 ohm-cm
Relatively Non-Corrosive Greater than 30001 ohm-cm

Thermal Resistivity Assessment

Thermal resistivity of the soil was measured at three locations selected by Landmark within the
LE22170 Project site. Assessments were conducted within test pits at a depth of approximately
2 feet. At each site, the thermal resistivity was measured three times with the average provided
in Table 3. The assessment was conducted in general accordance with the standard method

NorthStar Solar Site LE22170 - Soil Assessment 
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ASTM D5334-08 which calculates thermal resistivity by monitoring the dissipation of heat from a
line heat source. The field assessment consists of inserting a thermal sensor into the soil with a
known current and voltage applied. The corresponding temperature rise in the soil over a period
of time is recorded. The thermal resistivity is obtained from an analysis of the time series
temperature data during the heating and cooling cycle of the sensor. For purposes of this report,
the thermal resistivity values are provided as “data only” in order to assist others in the project
design.

Thank you for this opportunity to provide these corrosion engineering services. Please contact
me if you have any questions.

Randy J. Geving, PE
Registered Professional Engineer – Corrosion No.1060
RGeving@RFYeager.com, 760.715.2358

NorthStar Solar Site LE22170 Soil ssessment 
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Figure 1 – NorthStar Solar Site LE22170 Assessment Locations
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THERMAL RESISTIVITY

TEMPERATURE VS. TIME GRAPHS
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