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OLDER ALLUVIUM
Very dense, light yellowish brown, fine to medium SAND (SM) with carbonate
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W
at

er
C

on
te

nt
, % REMARKS AND

OTHER TESTS

50

24-6

24-7

24-8

24-9

24-10

24-11

24-12

39

SAMPLES

68

43

50/6"

55

65

MATERIAL  DESCRIPTION

Project Location:  Jacumba, California
Project Number:  27667021.00030

Figure A-25

3320

3315

3310

3305

3300

3295

3290

30

35

40

45

50

55

60

65

Sheet 2 of 3

Log of Boring B-24
R

ep
or

t: 
G

E
O

_1
0_

S
N

A
;  

 F
ile

: 2
76

67
02

1.
G

P
J;

   
6/

5/
20

08
   

B
-2

4

Project:  East County Substation

B
lo

w
s 

pe
r

fo
ot

G
ra

ph
ic

 L
og

D
ep

th
,

fe
et

Ty
pe

N
um

be
r

E
le

va
tio

n,
fe

et

D
ry

 D
en

si
ty

, p
cf



B
lo

w
s 

pe
r

fo
ot

MATERIAL  DESCRIPTION

SAMPLES

W
at

er
C

on
te

nt
, %

G
ra

ph
ic

 L
og

D
ep

th
,

fe
et

Ty
pe

N
um

be
r

24-13 50/6"

Bottom of boring at 66.5 feet

REMARKS AND
OTHER TESTS

65

70

75

80

85

90

95

100

Project Number:  27667021.00030

Project:  East County Substation

Sheet 3 of 3

Log of Boring B-24
R

ep
or

t: 
G

E
O

_1
0_

S
N

A
;  

 F
ile

: 2
76

67
02

1.
G

P
J;

   
6/

5/
20

08
   

B
-2

4

E
le

va
tio

n,
fe

et

D
ry

 D
en

si
ty

, p
cf

3285

3280

3275

3270

3265

3260

3255

Figure A-25

Project Location:  Jacumba, California



E
le

va
tio

n,
fe

et

D
ry

 D
en

si
ty

, p
cf

N
um

be
r

Ty
pe

25-1

Pacific Drilling

Soil cuttings/bentonite chips

3,320 feet

Hollow Stem Auger

Approximate
Surface Elevation

G
ra

ph
ic

 L
og

Drilling
Method

50/6"

30

25

13

25-5

25-4

25-3

25-2

28

Date(s)
Drilled

B
lo

w
s 

pe
r

fo
ot

SAMPLES

D
ep

th
,

fe
et

REMARKS AND
OTHER TESTS

W
at

er
C

on
te

nt
, %

Becomes very dense, light yellowish brown

ALLUVIUM
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Very dense, moist, white, silty fine to coarse SAND (SM), with fine gravel
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Equipment
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Project Location: Jacumba, California
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Loose to medium dense, moist, brown, silty medium to coarse SAND (SM), with
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Project Location: Jacumba, California
Project Number:
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Loose to medium dense, moist, reddish brown, silty coarse to medium SAND
(SM), with trace gravel

Loose to medium dense, moist, reddish brown with white dots (carbonate), silty
coarse to medium to SAND (SM), with carbonate and trace clay

OLDER ALLUVIUM
Dense to very dense, moist, light brown, silty fine SAND (SM), with trace gravel
and carbonate
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Not encountered

Project Location: Jacumba, California
Project Number:
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OLDER SEDIMENTARY ROCKS
Very dense, moist, light brownish white, silty fine to coarse SAND (SM), with
gravel and carbonate
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Jacumba, California
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Not encountered

Project Location:
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Observations

Project Number:

A. Podawiltz

Excavation
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ALLUVIUM
Loose to medium dense, moist, brown, silty medium to coarse SAND (SM), with
gravel and organics

Loose to medium dense, moist, light brown, silty medium SAND (SM), with
trace gravel, some organics, and carbonate

OLDER ALLUVIUM
Dense to very dense, moist, light brown to white, silty medium to fine SAND
(SM), with trace coarse sand, fine gravel, and carbonate

Bottom of test pit at 7.0 feet
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Not encountered

Jacumba, California

A. Podawiltz
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Project Location:

ALLUVIUM
Loose to medium dense, moist, reddish brown, silty medium to coarse SAND
(SM), with organics and trace gravel
OLDER ALLUVIUM
Dense to very dense, moist, light brown to white, silty fine to coarse SAND
(SM), with gravel, trace fine cobbles, and carbonate

Bottom of test pit at 5.2 feet
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Project Location: Jacumba, California
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MATERIAL  DESCRIPTION

ALLUVIUM
Loose to medium dense, moist, reddish brown, silty medium to coarse SAND
(SM), with gravel and trace cobbles

OLDER ALLUVIUM
Dense to very dense, moist, light brown, silty fine to coarse SAND (SM), with
gravel and carbonate

Bottom of test pit at 7.0 feet
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MATERIAL  DESCRIPTION

ALLUVIUM
Loose to medium dense, moist, light brown, silty fine to medium SAND (SM)

OLDER ALLUVIUM
Dense to very dense, moist, light brown to white, silty medium to fine SAND
(SM), with coarse sand, fine gravel, and carbonate

Bottom of test pit at 4.5 feet
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Not encountered

Figure A-37

Jacumba, California
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Project Location:

ALLUVIUM
Loose to medium dense, moist, reddish brown, silty medium to coarse SAND
(SM), with trace gravel and zone of poorly graded coarse SAND

OLDER ALLUVIUM
Dense to very dense, moist, light brown, silty medium to coarse SAND (SM),
with fine gravel, more cementation
Bottom of test pit at 6.7 feet
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Not encountered

Figure A-38
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Project Location: Jacumba, California
Project Number:
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Project:    East County Substation
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Dense to very dense, moist, light brownish white, silty medium to fine SAND
(SM), with trace coarse SAND, organics, carbonate, and trace clay

OLDER SEDIMENTARY ROCKS
Very dense, moist, light brownish white, silty fine to coarse SAND (SM), with
trace gravel and carbonate

Bottom of test pit at 4.0 feet
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Jacumba, California
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A. Podawiltz Checked by

ALLUVIUM
Loose to medium dense, moist, reddish brown, silty medium to coarse SAND
(SM), with fine gravel
OLDER ALLUVIUM
Dense to very dense, moist, light brownish white, silty medium to fine SAND
(SM), with trace gravel and clay

Increase in carbonate

Bottom of test pit at 6.0 feet
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Jacumba, California
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Not encountered

Project Location:
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Equipment

Checked by

ALLUVIUM
Loose to medium dense, moist, light brown, silty medium to fine SAND (SM),
with trace gravel and organics

OLDER ALLUVIUM
Dense to very dense, moist, light brown, silty medium to coarse SAND (SM),
with trace gravel and carbonate

OLDER SEDIMENTARY ROCKS
Very dense, moist, light brownish white, silty fine to coarse SAND (SM), with
trace gravel and some carbonate

Bottom of test pit at 7.0 feet
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Geophysical measurements were obtained along six seismic refraction profiles (designated RS08-1 
through RS08-6) during the week ending March 24, 2008, as shown on Figure 2.  The seismic refraction 
traverses were completed by Mr. Ronald Mees, a URS California Registered geophysicist. Profiles 
RS08-1 and RS08-3 were run across potential bedrock irregularities. Profile RS08-6 was run near the 
deepest cut at the southeast corner of the original location of the west substation pad. The remaining three 
profiles were run near the deepest cuts on the eastern side of the original location of the east substation 
pad. Profile RS08-2 is 1650 feet long and the remaining profiles are 550 feet long. 

The seismic refraction technique is based on the measurement of the time required for a shockwave to 
travel from a sourcepoint (shotpoint) to one or more co-linear sensors (geophones). Measurements were 
obtained using a Geometrics S24 seismograph with 24 geophones. The source consisted of multiple 
sledgehammer blows to a groundplate or rock. Geophones were spaced at 25 foot intervals. Shotpoints 
were nominally placed at the center of each line segment, at each end, and typically offset 200 feet to 500 
feet beyond each end. The primary constraint on data quality was wind noise and electrical noise. 

 The seismic travel times were plotted on time-distance graphs and interpreted using time-term methods 
(the generalized reciprocal method with the XY parameter set to zero). The resulting models represent the 
rock and soils depths and velocities which would account for the measured travel times. The models are 
non-unique but appear to be the most reasonable solutions based on the known geology. Basic 
assumptions inherent in this geophysical method include the expectation that velocity increases 
downward, that layers are relatively continuous and thick enough to be individually resolved, and that 
significant velocity differences are present between the layers of interest. The generally accepted value 
for depth accuracy is 20%.  

Figures B-1 through B-6 show the interpreted velocity profiles. Figures B-7 through B-22 show the data 
plots and interpretative process. Four seismic layers are generally evident. The surface layer typically 
consists of 3 feet to 15 feet of loose surficial soils with an estimated average velocity of 1,100 feet per 
second (fps). This first layer is not shown on the profiles, as it is poorly controlled and primarily used for 
internal data consistency.  The second seismic layer consists of the upper younger alluvial soils, typically 
30 feet to 70 feet thick, with a velocity range of 2,100 fps to 3,200 fps. The third seismic layer consists of 
older alluvium with a velocity range of 3,300 fps to 4,400 fps. The fourth seismic layer is bedrock, with a 
velocity range of 5,000 fps to 7,100 fps, which is over 100 feet deep under the proposed pad elevations, 
but was found to be as shallow as 40 feet under some areas outside the excavation areas. 

The velocities of the two alluvial soils layers are so close, that they appear to grade into one another in 
some instances, both vertically and horizontally. This condition suggests that the alluvium consists of 
discontinuous lenses of differing materials. This condition also means that the basic seismic interpretation 
assumptions are being violated to some degree, and that individual calculated depths between the two 
alluvial units should be viewed with caution. An additional effect is that the two layers may not show up 
individually when directly underlain by shallow bedrock, due to one layer masking the other. These 
potential concerns do not, however, change the overall trends shown for the bedrock, nor the conclusion 
that shallow bedrock is not present along the seismic profiles obtained in the excavation areas.  
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Four electrical resistivity surveys were performed at the site on March 19 and 20, 2008 by GeoVision 
Geophysical Services (GeoVision) of Corona, California.  The surveys were performed across original 
configurations of the proposed substation pads, and are now to the east of the existing substation layout.  
The locations of the surveys are presented on Figure 2.     

Soil resistivity measurements are the basis of designing grounding systems. The purpose of the 
geophysical surveys was to measure the soil resistivity in accordance with ASTM G57.  The results of the 
survey are presented in a report dated April 3, 2008, prepared by GeoVision, which is included in this 
appendix. 

 



1151 Pomona Rd. Ste. P, Corona, CA 92882 ph. 951-549-1234 fax 951-549-1236 www.geovision.com

April 3, 2008

Project Number 8137

Mr. Mike Hatch
URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108
(619) 683-6114

Subject: Four Electrode Wenner Resistivity Tests
Proposed Substations Near Jacumba, California

Dear Mr. Hatch:

A geophysical survey was conducted on March 19 and 20, 2008 near Jacumba,
California. The purpose of the geophysical survey was to measure soil resistivity in
accordance with ASTM Standard G57-06. Site conditions consisted of uneven terrain
with moderately dense brush. The approximate locations of the center of the resistivity
soundings are presented in Table 1 below.

Table 1: Resistivity Sounding Locations

Approximate Location Resistivity
Soundings Northing (Meters) Easting (Meters)

West Pad - Center Point C1 C1WE, C1SN 3,610,320.5 582,570.5

East Pad – Center Point C2 C2WE, C2SN 3,610,382.38 583,065.83

Note: UTM NAD 83, Zone 11. Provided by URS using a Garmin handheld GPS

METHODOLOGY
Resistivity equipment used during this investigation included an Advanced Geosciences
Supersting R8/IP earth resistivity meter coupled to 1/4- inch diameter stainless steel
electrode stakes with 18 gauge insulated copper wire. A test resistor, rated at 19.82
ohms, was used to verify the Supersting R8/IP was operating within manufacturer
specifications. The Supersting transmitter is rated at 200W and is capable of continuous
output current between 1 mA and 1 A with an output voltage of 800 V peak to peak. The
operator may select a maximum output current, which the instrument will automatically
reduce as needed depending on soil conditions and ground impedance. The transmitter
then maintains a steady current through the measurement cycle, recording input voltage
and writing V/I to internal memory.
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FIELD PROCEDURES
Before conducting the geophysical survey the battery level was checked on the resistivity
meter and found to be within acceptable limits. General site conditions were recorded on
the field log. Electrode spacing was pre-determined based on previously conducted
surveys.

A test resistor rated at 19.82 ohms was connected to the positive and negative current and
potential leads on the Supersting R8/IP immediately before and after each sounding at the
survey location. The resistance value across the test resistor and the time of the test
measurement was recorded on the field log.

Resistivity measurements (soundings) were made at four locations (C1WE and C1SN on
the west pad, C2WE and C2SN on the east pad), at the selected electrode spacings, using
a surveyor’s measuring tape for spatial control. A west to east and south to north
sounding were approximately centered on each proposed pad midpoint (Table 1). C1WE
and C2WE were oriented west to east and C1SN and C2SN were oriented south to north.

Resistivity measurements at thirteen (13) electrode spacings were made on each line. For
each resistivity measurement, four stainless steel electrodes were placed at equal
distances (a-spacing) in a straight line. A current was applied from the outer electrodes,
and the potential difference (voltage) was measured across the inner electrodes. The
Supersting R8/IP displays the resistance value equal to V/I. This value was recorded,
along with the a-spacing, on a field data sheet and later transferred to a spreadsheet. Two
or more measurements were recorded at each station for quality control. If there was
significant variation between the first and second measurements, the control leads,
electrode cable and electrode coupling were field checked to ensure proper survey
conditions. After each measurement, the electrodes were moved to the next a-spacing
and another set of measurements were taken.

DATA REDUCTION
Four spreadsheets were generated from the collected resistivity data. Electrode spacing
(a-spacing) and resistance reading (V/I), were entered for each resistivity measurement.
The generalized form of the four-electrode array is shown in Figure 1
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a

Figure 1: The generalized form of the four electrode array

When the material upon which the current is induced is uniform, the resistivity calculated
will be constant independent of electrode configuration. However, in a field investigation
where subsurface heterogeneities exist, the calculated resistivity values will vary with
electrode array. This calculated resistivity is referred to as apparent resistivity ( ), and
can be calculated using the relationship:
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For the Wenner array, which was used during this investigation, where R1 = R4; R3 = R2
and R1 = 2R2 = 2a, it can be shown that the formula for calculated apparent resistivity
can be reduced to the following form:
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RESULTS
Data collected from the four Wenner resistivity arrays are attached as Tables 2, 3, 4 and
5. All calculations were conducted using known geometry and measured resistance (V/I)
values which were recorded in the daily field logs. Apparent resistivity (magnitude)
values are presented in ohm-ft, ohm-m and ohm-cm. The ASTM Standard G57-06
specifies that apparent resistivity (magnitude) is presented in the ohm-centimeter unit.

All completed data processing forms are retained in project files. All files generated
during the processing sequence were archived on a back up drive.

SUMMARY
Four-electrode soil resistivity measurements were made near Jacumba, California in
accordance with ASTM Standard G57-06. Apparent soil was measured at thirteen (13)

+P+C -C-P

I
R1 2R

3 4R R



8137-URS 4 April 3, 2008

1151 Pomona Rd. Ste. P, Corona, CA 92882 ph. 951-549-1234 fax 951-549-1236 www.geovision.com

electrode spacings each sounding. Field measurements and calculated values were
consistent and repeatable at all locations, as summarized in Tables 2, 3, 4 and 5.

If you have any questions concerning this investigation, please call us at 951-549-1234.

Sincerely,

GEOVision Geophysical Services

Submitted by: Reviewed and Approved by:
William Dalrymple Antony Martin, P. GP 989
Project Geophysicist Technical Director

Attachments:

Table 2: Resistivity Sounding C1WE
Table 3: Resistivity Sounding C1SN
Table 4: Resistivity Sounding C2WE
Table 4: Resistivity Sounding C2SN
Applied Technical Services, Incorporated Certificate of Calibration
Applied Technical Services, Incorporated Calibration Data Sheet
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The materials observed in the borings and test pits were visually classified and evaluated with respect to 
strength, swelling, and compressibility, dry density, and moisture content. The classifications were 
substantiated by performing grain size analyses and Atterberg Limits tests on representative samples of 
the soils. The expansion potential was evaluated by performing expansion index tests. Compaction tests 
were performed to serve as a preliminary basis of relative compaction requirements for fill. R-value tests 
were also performed to provide data for pavement recommendations. The strength of the soils was 
preliminarily evaluated by considering the density, moisture content, and penetration resistance of the 
sampler. Chemical tests were performed to evaluate the potential corrosivity of the soil. The laboratory 
testing was performed in general accordance with ASTM standards.  

The results of the testing are summarized on the boring and test pit logs at the corresponding sample depths.  
Results of the corrosion tests are summarized in Section 5.  Detailed laboratory test results are presented as 
figures in this appendix, as listed below: 

• Particle size distribution curves – Figures D-1 through D-32; 

• Plasticity charts (Atterberg Limits) – Figures D-33 and D-34; 

• Expansion index test –Figure D-35 and D-36; 

• Compaction curves – Figures D-37 through D-39; and 

• R-Value tests –Figures D-40 through D-44.  

 








