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- INTERIM REPORT
~ SOILS INVESTIGATION

Introduction

This is to present the results of a soils investigation conducted at certain tower sites

for the proposed San Diego Gas & Electric Company Transmission Line from the San Onofre
- Power Plant to the Escondido Operating Center in San Diego County, California.

The objectives of tﬁe iﬁvesrigation were to determine the existing subsurface condi-
tions and physical properties of thg s‘ubgoils so that representative soil parameters could be
recommended for the desigﬁ of the propésed tower foundation. Also, the findings and log of
soil conditions are to serve as a guide in determining the best probable type foundation to be
used. It is understood that the preferable foundation is the drilled, cast-in-place belled pier
type. The second alrematnl.vev is the drilled, grouted in-place rg.:c.k anchor type wlhere the rock

- formations are suitable for such installations. The third alternative is the spread footing type,
where conditions such as large 'bou,ld_ers, preclude the use of the §ther foundation types. Also,
at two tower sites, located in river bottom areas, where ground water may rise, drivén pile
design curves are to be presented.. These designs are not included in. this Interim l?éporr.

In addition to the fihdings transmitted in this report, geological descriptions are. being
prepared for a number of Additioh’.al tower sites inaccessible to the drill rig at this time for ;:na
reason or another. Also refraction sélsmograph lines are to be run at every tower site where
slr;ngle large diameter pier footings are being considered and at other selected locations. The

supplemental geological descriptions and velocities of the hammer induced shock waves will be

presented in a final report to be prepared at a later date. e
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In order to accomplish the objectives of this interim report, twenty-four borings were
drilled at the tower sites as authorized, undisturbed samples were obtained, where possible,

and laboratory tests were performed on these samples.

Field Investigation

Twenry—four borings were drilled with a truck-mounted rotary bucket-type drill rig.
The locations of the borings,. relative to the staked centerline of the various tower locations,
are described individually on Drawing Nos. 1 to 34, inclusive, Weach entitled "Summary Sheet."
The Borings were drilled to depths of 3.5 to 40.0 feet below the existing ground surface. A
continuous log of the soils encountered in the borings was recorded at the time of drilling and
is also shown in detail on the Summary Sheets.

The soils were visually classified by field identification procedures in cccordancé with
the Unified Soil Classification Chart. A simplified description of this classification system is
presented in the attached Appendix A at the end of this report.

Undisturbed samples were obtained at frequent intervals, where possible, in the soils
ahead of the drilling. The drop weight used for driving the sampling tube into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.
The general procedures used in field sampling are described under " Sampling” in Appendix B.

Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to deter~
mine the dry density and moisture content. The results of these tests are presented on Drawing
Nos. 1 to 34, inclusive. Direct shear tests were performed on representative samples In order to

determine the angle of interal friction and apparent cohesion of the soils. The samples were

-allowed to saturate and drain prior to being tested. The exceptions are the samples from Boring

245 which were tested both under field moisture condition, and saturated and drained conditions.

Subsequent tests, before the final report Is prepared may be conducted on saturated samples, with

BENTON ENGINEERING, INC.
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the normal loads reduced due to the bouyant effect of a higher ground water level if this is
determined to be a likelihood, at sometime in the future. These. variations in tests are con-
ducted to stimulate various conditions of water fluctuations in the river bottom areas which
directly effect the shearing resistances of the soils in contact with driven piles. The general
procedures used for the laboratory tests are described briefly in Appendix B. The results of
these tests are presented in the "Table of Shear Test Results" which are presented on pages

12 to 15, inclusive.

DISCUSSION AND RECOMMENDATIONS

1. Soil Strata

Brief descriptions of the subsurface conditions pertaining to each tower are presented
below: (Numbering systems for both boring and tower are the same.)
Tower No. 1

A total of three holes were drilled at this location. The first hole was located 5 fest -

" west of the tower centerline. This was stopped at 14.2 feet on a boulder (12"+ diameter).

- The second hole was moved 5 feet to the south from Hole 1 and pénetrated to 19.5 feet. A 1

third hole was drilled 5 feet south of the second hole and again penetrated to 19.5 feet. A
ripper bar was used for 30 minutes at this depth and no greater penetration was achieved so
drilling was stopped at this location.

A composite log of the soils at the three holes is as follows: Medium loose silty sand
was underlain at 3.8 feet by a medium firm sandy clay to 7.0 feet. A compact very fine to fine
slightly silty sand with mediuim to coarse grains of weathered gnéiss was éncounrered between

depths of 7.0 and 19.5 feet, the depth of exploration. Lenses of fine to medium sand saturated

BENTON ENGINEERING, INC.
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with perched water was encountered between 7.0 feet to 8.0 feet. Boulders to 12 inches in
diameter were encounteréd at a depth of 14.35 feet.

Perched water was encountered at 7 to 8 feet and rose to 3 feet in approximately 1 1/2
hours. |

- Tower No. 6

A total of three holes were drilled at this location. The first hole was drilled 5 feet
west of the tower centerline. The second hole was 10 feet south of the first hole and the third
hole 20 feet west of the second. All holes were terminated at 7.0 feet where no further pene-~
tration was achieved. The soil conditions at all three locations is described as loose porous
silty very fine to fine sand containing rootlets to a depth of 2.0 feet and firm silty clay with
SOma.;{ery fine sand and rootlets was found between 2.0 and 3.0 feet. This wos underlain by
compact to very compact silty sand to 7.0 feet, the depth of exploration. The soils below, 4.8
feet were the residual material of weathered gneiss. |t was estimated that boulders to 48 inches

in diameter exist below the depths of exploration.

No ground water was encountered at these locations. No saturated-drained tests were

performed because of the lack of undisturbed samples. However, it is recommended that the

data obtained from Tower No. 1 be used because of the similarity of materials encountered in

the two locations.

Tower No. 11

Loose, porous very fine to fine sand with some rootlets was underlain at a depth of 2.5
feet by a firm sandy clay to a depth of 3.5 feet. Very co}npact slightly silty very fine to fine
sand with some medium to coarse grains was encountered between depths of 3.5 and 10.0 feet,
the end of the hole. The sﬂty sand is a residual @Eriul» of weathered quartz diorite.

No ground water was encountered in this hole.

BENTON ENGINEERING, INC.
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Tower No. 20

A3.5 feét thickness of soft silty clay with occasional rootlets and very fine to ﬁng sand
was underlain by a compact silty sand to the depth of 6.5 feet and then merged to a very compact
slightly silty very fine to fine sand with occasional medium grains to the limit of the exploration
at 24.6hfeef.

No ground water was encountered.

Tower No. 22

Loose porous silty very fine to fine sand with rootlets and occasional medium to coarse
grains was underlain at a depth of 1.3 feet by a porous very firm silty clay with occasional very
fine to fine sand with rootlets to a depth of 3.0 feet. Below this depth was a very compact silty
very fine sand to the bottom of the hole at 20 feet. A ripper bar was used to penetrate below
13.0 feet and the rate of drilling with the bucket auger was approximately 2 feet. per hour to
the depth of exploration. The silty sand was a residual soil of weathered quartz diorite and
became more resistant to penetration with depth. Occasional fine to medium grains of weathered
rock was encountered at the depth of 8.3 feet. .

No ground water was encountered in this boring.

Tower No. 33

The soils consisted primarily of the silty sand of granitic origin. The upper 1.5 feet was
loose, very fine to fine grained and porous with rootlets and cobbles up to 12 inches in diameter.
This merged to very compact below 4.0 feet to the limit of exploration at 11.5 feet where slow
progress was being made with the gad and ripper bar.

No ground water was encountered in this hole.

Tower No. 50

A soft, porous silty-very fine to medium sand with rootlets was underlain at a depth of

1.0 foot by a compact to very compact slightly clayey very fine to coarse sand to a deprh of

BENTON ENGINEERING, INC.
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5.0 feet. This layer was the residual soil of weathered granodiorite. Below 5.0 feet, the soils
graded to a very firm silty very fine to medium sand to the end of the hole at 6.5 feet where
slow progress was being made with a gad and ripper bar.
No ground water was.encéuntefed. Attempts were made to prepare testing specimens

from this hole but failed because of the rocky nature of the samples.

Tower No, 52

The soils encountered in the boring consisted primarily of slightly clayey very fine to
coarse sand derived from weathered quartz diorite. The upper 1 .‘0 foot of the soils were loose to
medium firm and merged to firm below. 1.7 feet and very firm from 4.0 feet to 12.0 feet where
the hole was terminated .due- to slow progress using the ripper bar..

No ground water was encountered.

Tower No. 56

The soils encountered in the hole were essentially of silty sand of granitic origin with
varying contents of silt in alternating sequences. The upper 1.8 feet wos loose, porous, and
- very fine to fine grained with some rootlets. This soil merged to a coarser and compact to very
compact weathered quartz diorite below that depth to the end of the hole at 20 feet where no
progress was being made with the ripper bar.

No ground water was encountered in this hole.

Tower No. 60

The soils encountered in this boring consisted primarily of slightly clayey very fine to
medium sand derived from weathered quartz diorite. The upper 3.5 feet was loose, porous, and
micaceous with some rootlets and became firm, compact to very compact, at the depths of 3.5
feet, 5.7 feet and 7.0 feet, respectively. The weathered quartz diorite becameé increasingly
more indurated to 9.5 feet then stayed relatively uniform to. the depth of exploraﬁox; at 25.5
feet.

No ground water was encountered.

BENTON ENGINEERING, INC.
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Tower No, 67

The soils encountered ln this hole consisted primarily of silty very fine to coarse sand
which was medium firm for the upper 3.7 feet, and graded to firm to very firm at 3.7 feet,
and very firm below 8.0 feet to I'hg end of the hole at 12.5 feet;\;vhere slow prdg'ress was being
made using the ripper bar. The gad was used intermitfe,nt_ly to penetmte last 0.5 foot.

No ground water was encountered.

Tower No. 82

The soils consisted primarily of medium firm gravelly silty clay with approximately 25

to 30 percent of gravel, cobbles and boulders to 30 inches. Because of the rocky nature of the

materials encountered, the hole was terminated at 4.0 feet. It is unlikely any type of auger

drill rig could penetrate this type of formation that includes Iarge boulders in a silty clay matrix.
No samples were taken from this hole.

Tower No. 101

A medium loose silty very fine to fine sand with a few coarse grains and rootlets was ;nder-
lain at 3.5 feat by a highly weathered quartz diorite, medium firm in consistency between 3.5
feet and 4.5 feet, and then merged to very firm to the end of the hole at 6.0 feet where no
progress with the gad was being achieved.

Some water seepage was encountered in this hole at 4.5 feet. .

Tower No. 109

A medium loose and porous silty very fine to fine sand with a few medium grains and

rootlefs was encountered to the depth of 5.7 feet. This contained approximately 20 percent of

cobbles to 12 inches and boulders estimated to be up to 36 inches in diameter. Between 5.7 and
7.0 feet, a firm clayey silt with organic material was encountered. This was underlain by a very

compact silty very fine I fine sand with medium and coarse grains of granitic origin to the limit

of exploration at 16,5 feet, In spite of some surface boulders at this site to 8 feet in diameter

drilling could be accomplished, when boulders do not occur at the footing location.

BENTON ENGINEERING, iNC.



No ground water was encountered.

Tower No. 115

A loose, porous silty very fine to fine sand with roots and rootlets was underlain by a
weathered to highly weaff_)erqd gneissic formation at a depth of 3.0 feet and to the limit of
- exploration at 8.5 feet. :'l'_bé::gneissic formation is medium firm between 3.0 and 4.0 feet and
then merged to firm below 4.0 feet, and ﬁm to very firm below 6.5 feet. Drilling was temin-
a.t“ed due to no progress using a gad. The contact between the colluvial soils and the gneiss
slopes approximately 30 degrees downwurd.in a norfherly direction at this site.

No ground water was encountered.

Tower No. 133

A compact, porous clayey fine to medium sand with a few rootlets was underlain at 3.5
feet by a firm silty fine to medium sand with a slight clay binder to the depth of 6.0 feet. Below
the depth of 6.0 feet, a very compact slightly silty fine to medium sand was encountered to the
end of the hole at 20.0 feet.

No ground water was encountered.

Tower No. 136

A very firm and porous silty fine to medium sand was underlain at 3.5 feet by a very com-
pact slightly silty fine to medium sand to the end of exploration at 20.0 feet.
No ground water was encountered in this hole.

Tower No. 159

A medium loose silty fine to medium sand with occasional coarse grains, rootlets and .
granitic fragments to 4 inches in diameter was encountered to the depth of 8.5 feet and merged

to medium firm between 8.5 feet and 10.0 feet. Below 10 feet, the soils consisted primarily of

BENTON ENGINEERING, INC.
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decomposed granite with varying degrees of weathering and iis residual products of silty fine to
medium sand, to the end of the boring at 40,0 feet. Slickensided clay in fractures was found
between 24.8 feet and 33.5 feet.

No ground water was encountered.

" Tower No. 174

The upper 3.5 feet of soils consisted of a soft and very porous silty fine to medium sand
with 10 to 20 percent of gravel up to 0.5 inch in diameter. It contained some rootiets and had
a clay binder. This was underlain by a porouS firm clayey fine to coarse sand with approximately
10 to 20 percent of gravel to 0.5 inch in diameter to a depth of 6.0 feet. Below this depth, the
solls were combinations of silty fine to medium sand, clayey fine to medium sand and fine sandy
silt to 12.0 feet. Below this was ve.ry compact highly weathered granitic bedrock that fractured
into 40 to 50 percent gravel sized fragments with clayey fine sand and became less weathered
with depth to 30 feet.

No ground water was encountered.

Tower No. 184

The solls encountered In this boring consisted primarily of very compact highly weathéred
bedrock that fractures into 20 to 40 percent gravel sized fragments with clayey fine to medium
sand to 8.0 feet in depth. Between 8.0 and 25.0 feet, the limit of exploration, approximately
40 to 50 percent gravel sized rock fragments were removed by the bucket auger.

No ground water was encountered.

Tower No. 191

The upper 4,0 feet of soil consisted of fine to medium sandy clay with was soft to the
depth of 2.5 feet and merged to firm from that depth to 4,0 feet, Below 4.0 feet, a very com-

pact clayey fine to medium sand was encountered, which was a weathered metavolcanic bedrock

to the limit of exploration at 25.0 feet.

No ground water was encountered during exploration.

BENTON ENGINEERING, INC.
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Tower No. 230

A soft, porous gravelly clayey fine to medium sand with roots and about 25 percent
gravel and cobbles to 4 inches Qas underlain by a medium firm toﬁrm silty clay to a depth of
9.8 feet. Fim silty fine sand with a clay binder and about 5.0 percent shells was encouqter;d
between 9.8 and 13.0 feet. This layer contained lenses of black fine to medium sand. Below
this layer was a 4.0 feet thickness of very firm clayey fine to medlum sandy silt with fbs;sils.
and lenses of silty fine sand -u‘ncierlain by & very firm silty fine sand with clay binder to the
depth of 22,0 feet, and then merged to a very compact slightly silty fine to ﬁedium sand: to the .
end-of the hole at 25.0 feet.’ |

No ground water was encountered.

Tower No. 233

A soft porous fine sandy silty clay was underlain at 1.0 foot by a firm silty clay Wirh
thin layers of white cullche and rootlets to the depth of 14.8 feet. A firm, fine sandy silr was
found below that depth and was underlain by a firm fine sandy silty clay with caliche cmd veins
of gypsum 1o the end of the hole at 30,0 feet,

- No ground water wés encountered.

Tower No. 245
A soft fine sandy siltand a loose silty fine to medium sand was underlain at 4.0 feet by |
d firm silty fine to medium sand with approximately 10 to 15 percenf gravel to the depth of 8.0
feet. A compact and sl!ghﬂy silty fine to coarse sand was encoumered between 8 0 feet and
: ‘-.38.0 feet. This layer coritained approximately 25 percent gm-vel and cobbles to 8 inches in.
dicrmeter. Below 18 feet, intermittent layers of fine to medium sand and gravelly fine to coarse

sand of various thickness were found with different gravel contents to the end of the hole at

40.0 feet.

BENTON ENGINEERING, INC.
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Ground water was encountered at the depfh estimated to be 37.0 feet. Direct shear tests
on samples from this hole were conducted under both field moisture and saturated and drained
conditions. This Is to stimulate various conditions of water fluctuations in the ground water |
conditions.

2. Soil Parameters

In plotting the direct shear test data, the peak values of all tested specimens were
used. The test dngle of intemal friction and apparent cohesion values were determined from
the ﬁvemge of the possible combinations of two or three tested peak values if the three tested
specimens did not fall on the same resistance envelope. In some Instances, where the direct
shear test results were unusually high or quite inconsistent, the causes of variations were ana-
lyzed, and the recommended values for the angle of intemal friction and coheslon presented in
the "Table of Shear Test Results" have been reduced on the basis of the analyses and iudgemeﬁt
to safe design values. The possible causes of the variations arose from the differences in the density,
degree of induration.and cementation, gravel contents, grain sizes and thelr disrribuﬁbn,.typ;
of rock minerals, the natural fracture planes in the samples, degrees of weathering and decom~
position, stress history of soil deposition, field moisture contents and degree of disturbances dur-
ing sampling. Some of these factors, but not all of them, have been used In the analyses to
arrive conclusions for the recommended values. The "Table of Shear Test Results" are tabulated
on the attached pages 12 to 15, inclusive, and the unit weights of the soils can be found from
the Summary Sheets, Drawing Nos. 1 to 34, inclusive, at the end of this report.
Respectfully submitted,

BENTON ENGINEERING, INC,

by_ ST P Reviewed b@ m

S. H. Shu, Civil Engineer e . Philip H. Benron, Civil Englneer

Distr: San Diego Gas & Electric Compan-y
(3) Attention: Mr. John Burton
(2) Artention: Mr. C. Hjalmarson SHS/PHB/ew
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Tﬁwér
No.

1

20

22

33

Sam~ Depth
ple in
No. Feet
2 5.0
3 10.0
4 15.0
2 4.5
3 9.5
2 5.0
3 10.0
4 14.5
5 19.5
2 5.0
1 4.5
2 9.0
2 4.5
2

5.5

TABLE OF SHEAR TEST RESULTS

Soil Description

Sandy clay, some
gravel and sand
Slightly silty very
fine to fine sand.
Gneissic origin
Slightly silty very
fine to fine sand.
Cnaissic origin
Slightly silty very

fine sand. Granitic

origin
Slightly silty very

fine sand. Granitic

origin

Very silty sond,
very fine to fine
grained. Porous
Slightly silty very
fine to fine sand
with medium sands
Slightly silty very
fine to fine sand
with medium sands
Slightly silty very
fine to fine sand
with medium sands
Silty very fine
sand of granitic
origin

Silty very fine to
fine sand of
granitic origin
Silty very fine to
fine sand of -
granitic origin
Slightly clayey
very fine to fine
sand. Granitic

- Slightly clayey

very fine to fine
sand with coarse
grains

0.40 0.43

Shear Resistance
in kips/sq ft.
Under Normal
Load of
0.5 1,0. 2,0

(Kips per sq. ft.)
0.85 1.45 1.98

2,79 6.85 -
0.90 2,23 2.70
5.93 4.62 6.98
1.40 - 4.87
0.89
1.77 3.81 5.18

Beyond Machine

- Capacity
2,22 - 5.99
0.52 1.98 1.73

0.60 2.34 2.10

3.96 5.99 3.72

Too Rocky to Test

3.34 - 7.14

-12-
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Appcrent
Cohesion

(Ib/sq. ft.)

9210
1300

1045
2250
930
275

1300

1010
120
150

2000

2100

Recom=
Tested mended

910
1300

1045

2250

930

275

1300

1565

1010

120

150

2000

2100

Angle of Internal

Friction
(Degrees)
" Recom=
Tested mended
28.0 28.0
71.0 43,0
37.5 37.5
35.0 35.0
66.5 43.0
17.0 17.0
54.0 43.0
- 43,0
67.5 43.0
39.0 39.0
44.5 43.0
53.0 43,0
68.5  43.0



] 'TABLE OF SHEAR TEST RESULTS

Shear Resistance . . L
in kips/sq ft. Apparent- Angle of Intemal

Under Normal Cohesion Friction
: Sam- Depth Load of (Ib/sq. ft.) (Degrees)
Tower ple’ In 0.5 1.0 2.0 Recom- " Recom-

No. No. Feet Soil Description  (Kips'persq. ft.) Tested mended Tested mended

56 2 5.0 Silty very fineto 0.59 1.72 1.97 150 150 42.5 42.5
medium sand with ' : ’
coarse grains . o :

3 10,0 Silty very fineto 2.60 - 7.50 1200 1200 72.0 43.0
medium sand with - o
coarse grains

4 15.0 Slightly silty very 1.63 3.35 7.50 1200 1200 72.0 43.0
fine to medium : :
sand

60 2 6.0 Slightly clayey 0.64 2.35 3.14 1600 1600 37.0 37.0
: very fine to fine '
sand. Silty and
micaceous : :

3 10.5 Slightly clayey 1.47 1.46 6.37 0 1000 72.5 43.0
very fine to fine :
sand. Granitic
and very micaceous

4 15,5 Slightly cloyey 2,52 - 5.31 1600 1600 62,0 43.0
very fine to fine
sand. Granitic
and very micaceous

5 20.5 Slightly clayey 4,55 - 3.55 1450 43.0
very fine to fine
sand. Granitic
and very micaceous

67 2 6.0 Silty very fineto 1,98 3.37 4.68 1050 1050 61.5 43,0
fine sand. Granitic ' b
and micaceous

3 11.0  Silty very fineto 1.29 1.83 4.04 730 800 48.0 43.0
fine sand. Granitic
and micaceous

101 2 5.5 Silty very fineto 5.15 6.70 7.50 4400 4400 57 .0 43.0
fine sand. Granitic

: and micaceous '

109 2 7.0  Very clayeysilt  1.41 2,06 2.24 1150 1150 29.0 29.0
with organic matter

3 1.5 Siltyveryfineto 1.85 - 4.10 1100 1100 56.5 43.0
fine sand. Granitic ’ ,

115 2 5.0 Silty very fineto '2.08 2.33 7.43 1850 1850 26,0 26.0
fine sand. Gneissic .

- -13-
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Tower
No.

133

136

159,

- 174

184

Sam= Depth
ple in
No. Feet
2 5.0
3 10.0
4 15.0
2 5.0
10.0

4 15.0
2 5.0
3 10.0
4 15.0
2 5.0
3 10,0
4 15.0
2 5.0

Soil Description

Silty fine to med-
ium sand with
clay binder
Slightly silty fine

- to medium sand.

Granitic

Slightly silty fine
to medium sand.
Granitic

Slightly silty fine
to medium sand.
Granitic -
Slightly silty fine
to medium sand.
Granitle

Stightly silty fine
to medium sand.
Granitic -

Silty fine to
medium sand
Silty fine to
medium sand
Residual soils of
decomposed
granite

Clayey fine to
coarse sand

with lenses of
gravel. Porous
Mixed silty sand,
clayey sand and
sandy silt with

Shear Resistance

in kips/sq ft.
Under Normal
Load of .
0.5 1.0 2,0

(Kips per sq. ft.)
0.85 1.12 2.40

1.47. 513 5.10

3.80 2.42

1.77 2,33 5.63

2.00 4,33 5.20

3.24 7.50 7.50

0.74 0.97 2.80

0.77 1.48

2,29 7,30 7.25

1.14 2,24 2.20

1.14 2,60 5.89

gravel, granitic rock

Silty and clayey
sand matrix of
granitic rock
Gravelly clayey
fine to medium
sand mixed in
granitic rock

4.41 5,13 6.27

3.62 3.52 4.28

~14~

BENTON ENGINEERING, INC.

4.38

2,17

Apparent
Coheslon
(Ib/sq. ft.)
Recom=-
Tested mended
260 260
260 1030
420 1450
1220 1220
. 910 1560
1840 1840
500 500
300 300
600 1800
800 800
0 700
3800 3800
2730

2730

~ Angle of Intemal

Friction

(Degrees)
" Recom=-
Tested merided
28.0 28.0
67.5 43.0
63.0  43.0
48.0 43.0
53.5 43.0
61.0 43.0
25,0  25.0
42.5 42,5
73.0 43,0
35,0 35.0
70.0 43,0
51.0 43.0
37.5 37.5



Sam=- Depth

Tower ple in
No. No. Feet
191 2 5.0
3 10.0
4 15.0
230 2 7.0
3 10.0
4 15.0
233 3 10.0
4 15.0
245 1-4 21020
1-4 21020

TABLE OF SHEAR TEST RESULTS

Shear Resistance

in kips/sq ft. Apparent
Under Normal Cohesion
Load of (Ib/sq. ft.)
0.5 1.0 2,0 Recom=-

Soil Description (Kips per sq. ft.) Tested mended

Clayey and silty 7.50 4.64 7.50 1750

fine to medium

sand. Metavolcanic -

Clayey and silty  3.54 4,36 3.89 3090

fine to medium

sand. Metavolcanic

Clayey and silty 2,08 2,70 5.47 910

fine to medium

sand. Metavolcanic

Silty clay from 1.18 1.98 3.41 450

weathered rock

Silty fine sand 0.53 1,00 2,31 110

with clay binder

Clayey sandy 1.43 2.82 2,31 1120

silt, -

Silty clay. 1.74 2,40 2.23 1570

Residual soils

of shale

Sandy silt, 3.98 2,65 3.44 1870

Residual soils :

of shale :

Mixed fine sandy  Sheared at normal 270

silt and silty fine load under field

to medium sand moisture condition

Mixed fine sandy  Sheared at normal 110

silt and silty fine load under satur-

to medium sand ated and drained .
condition

-15-

BENTON ENGINEERING, INC,

-

- 1750

3090

210

450
110
1120

1570

1870

270

110

Angle of lﬁfemal

i Friction |
(Degrees)

. Recom=-
Tested mended
71.00  40.0

'35.3 353
52.5 40,0
56.0  40.0
43.0  40.0

31,0  31.0
18.0  18.0
37.5  37.5
38.0  38.0
38.0 38.0



San Diego Gas & Eleciric Co., 230 KV Line

403 NAME

by gravity.
bedrock.

L2

1 1/2 hours.

In general,

= Indicates Loose Bag Sample

- Indicates Undisturbed Drive Sample

- Colluvium is used in this report to include topsoils, residual
soils, and other weathering products and deposits which have
formed in situ or have moved only a very short distance, chiefly

it Is the soil mantle overlying weathered

- NOTE Water level rose From 7.0' t0 3.0' in approximafely

- = DDA rh@ T ﬁg -
@ lm & MMARY SHEET « b| welg B 8
w |od @ w o~ =2 2
~leas| na , - Z&,SE>53<<
T|zE|Zq% TOWER NO._1___ w & iaB18 0SS
A HEEL w 22880 Z|585
w (®E - ' &= E 1 = @ @ m §
al 5' West of Tower Centerline & Rao ~| =x|
1 IR .' :‘ . Brown, ‘NVbiSf, LOOSO, POI’OUS, 'SILTY VERY. FlNE **
1 R Reots (Topsoil) | TO FINE SAND L
.@ '.. 3 . . g
21 R Light Brown, Molst, Loose, SLIGHTLY siLTy | 0.8 | 16.3)101.8 ) "5
T s lightly Micaceous VERY FINE TO -
3- AR FINE SAND 8
B z
2 |l Gray-black, Moist, Medium L 2
5' 2 )fesemudr irm, Some Light Gray Clayey VERY FINE TO | 3.2 |19.5(108.2 g
i g Very Fine to Fine Sand, = . MEDIUM e
6- Occasional Gravel to 1/2 lnch SANDY CLAY l‘ |
J Ny Gray-brown, Slightly Moist, * .
8 g Compact, Lenses of Saturated SLIGHTLY SILTY - a
i WNFine to Medium, Water Bearing VERY FINE TO W
94(3 ysand from 7 to 8 Feet. ** COARSE SAND g |
R 32.5|9.0 138.0] |
Very Compact w
R ¢
. Continued on Drawing No. 2 3

-

PROJECT NO. |
BENTON

71=-12-22A

ENGINEERING,

INC.
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

71-12-22A BENTON

ENGINEERING, INC.

> . _
Eluz| . SUMMARY SHEET SE| welB €| ur
Llds| 0a - ? Flo33l2 5 |uz
T|EX|S<E TOWER NO._1(Cont.) -1 R EE
a|€2|nca w58l o |E2s
o S ’ = = Ra | =¥l
4 NN Gray~brown, Slightly Moist,
124 ey Very Compact, Lenses of
] N\ Saturated Fine to Medium Sand,
13- NNy Cobbles to 12 Inches
TR SLIGHTLY SILTY a
VERY FINE TO [196.0] 14.7121.1| - pa
XNXN] Fragments from Drilling to COARSE SAND ke RO
. J 12 Inches | o
\ o
Ll
=
<
ul
3
97.4]11.6[132.6 l
Practical refusal at 19 1/2 feet *** ‘ "
j ** Sample tube able to penetrate only 3 Inches.
} ***  “Practical Refusal" Indicates that progress with the bucket=type drilling
T rig used for this project was slowed to less than one foot per hour and
7 therefore considered economically impractical to continue drilling efforts.
PROJECT NO. DRAWING NO.

2




San Diego Gas & Electric Co., 230KV Line

JOB NAME

> by .
ACE SUMMARY SHEET e sxlEl ue
e o .
Izt Sq% TOWER NO._6_ & § E.S:séa;g
g |52|"0h 229 g [R8¢
a 5' West of Tower Centerline s Rla | =x
N Q .-.‘
4 % Red-brown, Moist, Loose, SILTY VERY FINE , *
1- 2Ny Slightly Micaceous, Porous, TO FINE SAND E
T RN _ 5
) NN Roots, (Topsoll) S
IR 1.6 |4.4 [115.2 3
1 | Red=~brown, Moist, Firm, with S
Some Very Fine Sand, Rootlets SILTY CLAY v
Light Brown, Slightly Moist, +
] Very Compact, Weathered SILTY VERY 64.9| - - 'g .
' FINE TO COARSE | 8.2
SAND B 6
N% é’
N Light Gray-brown, Boulders to +
XN 48 Inches (Estimatad)
i Practical refusal at 7.0 feet
]
-
PROJECT NO. DRAWING NO.




S.D.G.&.E. 230 KV Line

JOB NAME

[
AeT . SUMMARY SHEET °r| welb | wy
AEHEE TOWER NO._.11__ -1 ERA R
o wOn ‘I*60o 12 e
4" 10' West of Tower Centerline § | Eyp E 3 mgé
1 '~ Red-brown, Moist, Loose, 4
1 NNy Porous, Rootlets, Slightly SILTY VERY E
2. N Micaceous, (Topsoil) FINE TO FINE 2
@ SAND 1.611.30102.1 3
3- z\\. XY Light Red-brown, Slightly Moist, S
- ium Compact *
4 ~brown, Moist, Firm FINE SANDY CLAY
i NNy Light Brown, Slightly Moist, +
5 @ oy Very Compact, With Some 55.7| 1.8]115.8 A
i Ny Coarse Grains, Weathered -:';-5
i SLIGHTLY o
SILTY VERY =
FINE TO 8
SAND
®
Q
+
o]
A é
NN Less Weathered 97.4| 2.8[120.4 *
i Practical refusal at 10.5 feet
1
N
PROJECT NO. DRAWING NO.
71-12-22A BENTON  ENGINEERING, INC. o




San Diego Gas & Electric Co., 230 KV Line

0B NAME

_ ‘ 3 _
£lug| . SUMMARY SHEET RGN
[ % ;-] . "
HEHEE TOWER NO._20 €128l 8 (359
AtHEEE el 22|z 4558
e 5' North of Tower Centerline & * Ra ~ | =i
11 | Red=brown, Moist, Soft, Some A
1- Very Fine to Fine Sand, Porous, - E
i Roots and Rootlets (Topsoil) =
NO) SILTY CLAY 1 4 4 | 15.8/105.5 3
] R With Medium Grains S
RS ‘ Y
4] ‘Light Red=brown, Slightly Molist, *
Loose to Medium Compact, SILTY VERY
{\Porous, Rootlets FINE TO 9.7 | 6.0(97.0
Light Brown, Very Compact FINE SAND :
N Light Gray=brown, Slightly
NN Moist, Very Compact, with
M Medium Grains
39.0| 2.8 [129.4 2
SLIGHTLY 2
SILTY VERY p
FINE TO g
FINE SAND 3
<
2
2
H
97.4]| 2.8 |141.8 =
64.9 3.5 126.9
‘ Continued on Drawing No. 6
!
PROJECY NO. DRAWING NO.
BENTON ENGINEERING, INC. 5
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

s S .
b SUMMARY SHEET £ E| wy Eg| ug
SEHBE feloldEslasgl
T|EX¥ CqaX TOWER NO...22__ I EEAEEE
e <2 85: g*’zanﬁdﬁai
a wz 5' East of Tower Centerline "s'_"u'. Tpx 2] we *
] NN Dark Red-brown, Moist, Loose, SILTY VERY
7. with Few Coarse Grains, FINE TO MEDIUM E
i : . Porous, Rootlets SAND g
2 O RY Red-brown, Moist, Very Firm, 13.0 8.0 |105.9 =
i S Some Very Fine fo Fine Sand, SILTY CLAY Y]
34 pedeed | S |ightly Porg ot lets
l ‘Q Light Brown, Siightly Mois |
4 nght Yellow-brown, Slightly
\ Moist, Very Compact, Highly
5‘@ Weathered 19.5) 7.6 108.2
- \
‘ \
1A
. \
7 Light Yellow-brown and Gray, SILTY VERY ®
9-@ Few Fine to Medium Gruins, FINE SAND 97.4] 6.9 1112.8 'g
. \ Weathered a
101 N
- ‘ g
114 \ ¢}
. ; 3
2 |
J o 5
13- 2
- \ Slightly Weathered
]4:@ 116.9 1.4 | -
ﬂ
17- \
18]
19, AR
1O 1461 - | -
o ORR 1
PROJECT NoO. DRAWING NO.
 71-12-22A BENTON  ENGINEERING, INC. 7




S.D.G.&.F. 230 KV | ine

JOB NAME

0 = . '
£ |=g SUMMARY SHEET 2| wxlFE| ux
: i : s .
R TOWER * NO._33_ £LiaBxl8 8329
g (52  West of Towe s s[F¢5) 4 |55e
) 15' West of Tower Centerline & & 2|8 3| ws
i  Dark Red-brown, Moist, Loose,
I X Porous, Rootlets, 10 Percent
i Ny Granittc Cobbles to 12 Inches SILTY VERY E
2 J\ Jopsoil) . FINE TO FINE 3
i Light Yellow~brown, Medium SAND =
3 | Compact, Highly Weathered O
4' .. WA +
N Light Yellow=brown, Slightly 8.1] 4.70108.5
Ny Moist, Very Compact, Weathered
With Some Coarse Grains
2
SILTY VERY 5
FINE TO MEDIUM Q
SAND B
5
43.3| 1.6 [132.7 -g
-g
N Light Gray-brown, Slightly *
\N Weathered

Practical refusal at 11.5 feet.

PROJECT NO. ' DRAWING NO.
71-12-22A BENTON  ENGINEERING, INC. 8'N Ne




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

. . ; . » )
Elwgl . SUMMARY SHEET gE| wsl5E| s
r|sE|STE TOWER NO._50 BRI EREA R
£ 22835 | y 2IESE S SIEES
1 L 4 = ": t* - 3 w®l .
a 10' West of Tower Centerline - a - +
1 R\ Brown, Molst, Soft, Porous, SILTY VERY FINE . g
l-@ Ny Root lets TO MEDIUMSAND | 3.2 | 6.7 (108.3 g
Light Red-brown, Moist, SLIGHTLY CLAYEY} | 3
Compact VERY FINE TO v
COARSE 11
SAND
Very Compact _g o
129.8/ 2.7 | - 2%
R
AR ]
| Light Red and Light Brown, SILTY VERY FINE = o
Ny Cemented *
Practical refusal at 6.5 feet.
-
PROJECT NO. DRAWING NO.
71=12=22A BENTON  ENGINEERING, INC. 9




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

. - g > )
El=g| |, SUMMARY SHEET 2E| a55E| e
NEHRE TOWER No,_52 Z£38;183 329
- g0 4> . w X IZE8. alZE2S
Slmz|rven 2 el g.lu 8 2L
a 10' West of Tower Centerline g “ fog | =¥
1 B3 Dark Brown, Molst, Loose, E
) [ === Porous, Micaceous, (Topsoil) 3
4 ———] Red=brown, Medium, Firm , J S
. 9 U
1O == Slightly Molst, Firm, Highly 6.5 19.0 1119.5 |
1 1 Weathered
3H -
=
N \I,.'/ig::hRed;brown, Very Firm, SLIGHTLY
D= e CLAYEY VERY |55.6| 2.4 [129.1 i
17 B== FINE TO COARSE =
64 == SAND g
1 EBE= S
71 ———] Light Yellow=brown and 1 |
. ———1 Gray (Decomposed Vi
8- CREA Granite) -§
F O e e e . . °
9 — <
= H
8 O)== ne.sl - | -
ny{ = l
12. —
7 Practical refusal ot 12.0 feet.
PROJECT NO. DRAWING NO.
71-12-22A BENTON  ENGINEERING, INC. 10




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

71=12-22A

- BENTON

. ENGINEERING, INC.

) >
Elws| SUMMARY SHEET Ol welE ] wp
Slas( A= E}g“’gjﬂz-
r|EEI5E TOWER NO.56__ & L3058 (g28|
e |¢2|a0a w XIT8aly vl lE20
a 15' North of Tower Centerline & ¥lag | =¥ *
. \ Dark Gray-brown, Moist, SILTY VERY E
1- Loose, Slightly Micaceous, FINggSDHNE : fg
. N Porous, Rootlets with Some =
L IO Medivm Groins (Topsoll) (Merged) 15 g 17,8 199, S
1 AN Light Red-brown, Slightly S\'/-'Ei;y.ll;ll-lY\lESI'l'LgY
) \ Moist, Compact, Porous, Root=- D
3 ; lets, with Some Coarse Grains .MED'JUM SAN
4— R\ Highly Weathered
4 N Light Red-brown, Slightly _
5_@ A\ Moist, Very Compact, 35.4 110.4
) \ Weathered with Some Coarse
6 Gralns .
| SILTY VERY
74 FINE TO MEDIUM
] SAND )
8. )
19_J [
. .g :
ol O 64.9| 2.5 134.4 5
1 3
_ 8.
12- Light Brown and Gray, -:g'
Slightly Moist, Very Compact, | SLIGHTLY SILTY z
i : MEDIUM SAND
PR
]5: @ RN Light Brown and Gray, 48.7 145.0
i Y] Slightly Moist, Very Compact, SILTY VERY
16 NN Weathered FINE TO COARSE
] SAND
171 *
18 | Practical refusal at 17.5 feet. -
d
PROJECT NO. DRAWING NO.

11




, 230 KV Line

' San Diegd Gas & Electric Co.

DEPTH /FEET |

SAMPLE
NUMBER

SUMMARY SHEET
TOWER NO._&0

10' East of Tower Centerline

DRIVE ENERGY
FT. KIPS/FT

FIELD
MOISTURE
% DRY WT.

DRY DENSITY

LBS./CU. FT.
SHEAR

RESISTANCE

KIPS/SQ. FT.

JOB NAME

114
12 ]
13-
14
15
16-
17 -
184
19

20 4

21 4

.....

.....

.....

.....

Dark Brown, Molist, Loose,

Porous, Micaceous, Rootlets
(Topsoil)

CLAYEY VERY
FINE TO
MED{UM SAND

10.4

105.9

Red-brown, Moist, Compact

s AN

Light Red=brown, Slightly
Moist, Compact to Very -
Compact '

.....

.....

.....

Libght Yellow=brown and Gray,
Very Compact

.....

.....

.....

.....

.....

.....

.....
@ .....

......

.....

Light Groy, Very Micaceous,
Less Clayey

Continued on Drawing No. 13

SLIGHTLY

CLAYEY VERY
FINE TO
MED IUM
SAND

81.2

3.4

61 2.1

9.3

—p-1-¢— Colluvium —»

116.9

- Weathéred Quartz Diorite -

138.1

PROJECT NO.
71-12-22A

BENTON  ENGINEERING,

INC.

DRAWING NO.
12




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

» »

APY- . SUMMARY SHEET S E u.-'§t: W
Llael  %a g\n“;z:'uz.
AL TOWER NO._60 (Cont.) EL2E>4 3 [sxg
= lg2]0 > A wX|g=E " Slxas
alaz|nven > g > alhag
a & RYa = | &%

| Light Gray, Slightly Moist, +

-1 Very Compact, Very SLIGHTLY CLAYEY ‘©

Micaceous VERY FINE TO - T

MEDIUM SAND 4 g

< N

o+

..... (1) g

..... =a

Q=== 120.0 5.3[113.1 ‘

* No representative results were obtained

PROJECT NO. DRAWING NO.
71-12-22A BENTON ENGINEERING, INC. 13




San Diego Gas & Ele‘;:i:ric Co., 230 KV Line

SUMMARY SHEET

JOB NAME

71=12-22A

‘ >

- 3 ° e W : E’ [T
glEd| 04 L
T|sE[5<% TOWER NO._67 _ G a@B>a DL
= |20 > w X IFEA- Sxes
& [mz|2Y" 2 - g = »|»2E
a 12' West of Tower Centerline & - fa ¥ | =i

Dark Brown, Moist, Soft SILTY VERY FINE | A

(Topsoil) TO COARSE g

SAND 'S

0.8112.0{104.1 :_Z

| Red-brown, Moist, Medium v

4 Firm, Highly Weathered

Light Yellow=brown, Slightly ,

Moist, Firm to Very Firm _.

| §:

21.11 3.0 {112.9 5

' 0

SLIGHTLY N

SILTY VERY - T

- FINE TO &

- COARSE -

Light Yellow=brown and Gray, SAND £

Very Firm , Weathered e

NN 141.01 2.1 {123.6
Ny Light Gray, Slightly Weathered N
Practical refusal at 12.5 feet
PROJECT NO. v DRAWING NO.
BENTON ENGINEERING, INC. 14




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

b 3
- . ’ B
ALY . SUMMARY SHEET Ol welk £ wg
tn.ﬂ..aﬂ : gko-;z:‘“z‘
z|EE|5<F TOWER NO._82 £i38xl8 8 [3%9
a no®n _ w L00ly w |EZ
. |nE 15' South of Tower Centerline § | Ep% 2 m'ﬁg +
Dark Brown, Moist, Medium
1 Firm, 25 to 30 Percent Gravel, *
Cobbles, and Boulders to 24 GRAVELLY E
Inches, Some Fine to Medium SILTY CLAY 2
Sand 5
Red-brown, Firm, with v
Boulders to 30 Inches
Slightly Moist
Practical refusal at 3.5 feet
*  This material is essentially a boulder conglomerate with a clay matrix
and is fairly typical of weathered gabbro surfaces. Because of the 1
to 3 foot diameter of these unweathered floating boulders, it is doubt-
ful that a conventional soil=type drill rig will make much progress in
this terrain.
PROJECT NO. DRAWING NO.

71-12-22A BENTON ENGINEERING, INC. 15




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

> °
e . SUMMARY SHEET O ¢l welb £ wy
Llael _ Ra ¥ 5532 5|%2,
AEHEEE TOWER NO.__10] SERExIE Oiseg
e O i w ¥ ir=8 lxwvs
L lmzjrve 2 =29 % 89z
w ' « : * [ 3 - [TV —
a 5' North of Tower Centerline o o ®x
. > Dark Brown, Moist, Loose, ‘E
1- NN With Few Coarse Grains, 2
. X Slightly Micaceous, Roots and 3
2q® Ny Rootlets (Topsoil) | 0.8/10.3102.0 ;6
3] o SILTY VERY +
i , FINE TO
41 Light Yellow=brown, Saturated, | MEDIUM SAND .2
] Medium Firm, Highly Weathered B5
5 - N , : _ 20
1O Moist, Firm 64.9(10.4(129.9 st
6 k hA Very Firm ; 8
. Practical refusal at 6.0 feet |
: * Very slight water seepage, hole is at north edge of meadow
4
PROJECT NO. DRAWING NO.
71-12-22A BENTON  ENGINEERING, INC. 16




San Diego Gas & Electric Co., 230 KV Line

SOB NAME

h’ .
El=g| . SUMMARY SHEET 2E wglBE| s
d a. 0
HEHEEE TOWER NO._102 S£135x8 8 (329
o r TR e Lo0ly v |E2
il 15' North of Tower Centerline = B 48 2 m§§ |
J N Park Brown, Moist, Loose,
H R Porous, Roots and Rootlets,
4 SN with Some Medium Grains
AORY (Topsoll) . SILTY VERY 0.8 9.0 |106.1
1 RSN FINE TO FINE
3 SAND E
4 RN 35 Percent Cobbles and Boulders 3
i N to 36 Inches * S
5 X l
64 Yellow~brown, Molst, Fim,
St » Molst, CLAYEY SILT
. Organic Matter
IO 11.4/32.9]76.9
i ] Light Red=brown, Slightly Moist,
8. Y] Very Firm, Weathered with
i N Some Coarse Grains
9- '
10 o
1] S
1L~ | k:
12-@ N | - STy VERy | 849 3-5[15.0] :
1 N FINE TO MEDIUM -
13 SAND £
q 2
. 0
141 ;
X5 ightly Weathered 116.4 - | - l

f  Practical refusal ot 16.5 feet

for footings.

* At the center point of the tower site boulders up to 6 feet in diameter
.are present at the surface as part of o talus=slope wash deposit in a
broad swale. This surficial material should not be considered suitable

PROJECT NO. '
1-12-22A 'BENTON  ENGINEERING, INC.

DRAWING RO.
17




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

. >
ACH SUMMARY SHEET 2| wslBE| e
- |8 - o . r-% & = [ .
HEHEBE TOWER NO._115 SEigEx5 8|39
s |az[a0a . >c72%02x /588
o 10’ North of Tower Centerline - | Ty 3 ug
Y Gray=brown and Light Gray- ‘E
brown, Moist, Loose, Slightly '.;.
Micaceous, Porous, Roots and : )
X Rootlets, I 10 Percent Gneissic 1.6 {13.1]108.4 K
ANy Cobbles to 12 Inches, (Topsoil) v
; Light Brown ond Light Gray, + '
\| Medium Firm, Highl Weafhered .
Thm Foliation Y FISI‘I\ILET\;O\/?:LE .g
% SAND 13.0.( 6.3 [120.3 &
N Slightly Moist, Firm 'E,:
. NS N g
7 NDry, Firm to Very Firm, z
J ;' G Weathered
- .\ 3
91 Practical refusal at 8.5 feet
1
PROJECT NO. ' DRAWING NO.
71-12-22A BENTON  ENGINEERING, INC. 8




San Diego Gas & Electric Co., 230 KV Line

JOB NAME

> .
Elue SUMMARY SHEET S| wgl5E| ue
Slas| Qe AICEMERALT
IEHEE TOWER NO._133 -1 RS EE
& |wz|?Vn 33' N 50° E from Tower Centerline, and |2 | 29|% & [#Z €
a . & W “®|o <] «%
_ 3' above Tower Centerline o
Brown to Slightly Red=brown, *
-] Moist, Firm, Few Rootlets, CLAYEY FINE ’_
Porous (Topsoil) E
TO MEDIUM 2
SAND 9.7 | 6.7 106.6 g
—| Light Brown, Dry, Less 3
| Organic Material LYJ
Y Light Gray to Light Brown and | SILTY FINE TO I8
N\ Light Brown-gray, Dry, Firm MEDIUM SAND
Ny with Slight Clay Binder, 19.5| 4.7 |117.2
Stightly Porous, Highly
6 \ Yy Weathered , (Merges)
i ‘1‘% Light Gray, Dry, Very Compact
8- zx?:
o1 RN 2
TR 35.4|4.6 |140.6 5
]ORN
1 R £
1 ]
- SLIGHTLY é
12 SILTY FINE TO 3
] MEDIUM SAND g
13 5
K.Y
1 =
14+
15.@ 45.813.8 [140.0
16-
174
18
1] RO
1) R - 55.6(3.5 [135.8 _
2]OR !
PROJECT NO. DRAWING NO.
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San Djego Gas & Electric Co., 230 KV Line

SGB NAME

- - ;
Elag| .. SUMMARY SHEET 2E| eslf | gE
% la aae b4 a - v
HEHEE TOWER NO._136 AR
& lmz|rY” 94' S 48° E from Tower Cehterline and 2K %* = 2 “ge
e 23' above Tower Centerline o e bt
i WS ;' Light Brown to Gray=brown, ‘ A
. N Slightly Moist, Firm with, SILTY FINE TO
] Y] Clay Binder, Fine Rootlet, MEDIUM
2—@ Y Porous, Highly Weathered SAND 11.4] 8.3 {123.2
K2
4] W Light Brown-gray, Dry, Very
Ay € t i ,
SORR ompocts Very Fim 24.3) 5.9 134.9
o
7 X K
] SNy Becomes More Firm 5
i ™ .2
8 N a
9- Ny Gray g
1016 R f - 43.3| 4.1 137.0 ¢
1R SLIGHTLY SILTY B 5
1] RN - | FINE TO MEDIUM £
] NN ' SAND g
]2- R .:
]3: X\ NOTE: Hole drilled on cut pad.
A SN\ 3 feet high cut bank adjacent to
144 hole showed 1.5 feet of dark
i NN brown, moist, soft, silty fine to
lS.@ N medium sand, (Topsoil), porous 64.913.5 |142.7
NN with rootlets; underlain by silty
161 Y fine to medium sand as above
) Ny ot 0-3 1/2 feet.
17
18:1 N _
19 \\
21® NN A 64.9|2.8 [123.7 1
PROJECT NO. DRAWING NO.
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San Di

ego Gas & Electric Co., 230 KV Line

SOB NAME

. — e -
O o e .
g T na SUMMARY. SHEET ggb‘g;s 5 L
IEHERE - TOWER NO._.152 AR R
E wz|"V® 211'.S 84° E of Tower Centerline and E 'y ‘g* x 'ﬁ wag
103' Below Tower Centerline o ~ola « x
i Sy Dark Brown, Slightly Moist, ‘
y - 'Loose, Rootlets, 10 Percent SILTY FINE TO
i N\ Gravel and Cobbles to 4 Inches COARSE SAND
z@‘ XN (Topsoil) 0.817.3]95.7
Ny it Slightly Moist, Lo :
4 AN rown, Slightly st, Loose, GRAVELLY
4 R Zo:at\:::s, 15 to 20 Percent. . SILTY FINE TO
N QR - . | COARSE SAND
5.@ NN 1.6 | 5.5 104.6
i NOTE: This hole is approximately | £
: 103 feet lower and easterly from the s
61 Q] Tower site, and soil conditions from 010 =2
T e\ feet are not typical of the actual Tower 8
7 NWARY site. At most, we anticipate 1 to 3 .
i QW feet of topsoil before reaching weathered
&1 QO granite as at 10 to 40 feet in this boring.
9: oy Yellow=brown, Medium Firm ' I
- 4.9 110.41107.
IO*@ Ny Light Yellow=brown, Dry, Firm, 10.41107.9
. N Highly Weathered, 2 to 3 Inch
11 X : N Seams of Hard Fractured Quartz
124
13] 2
&
14 O
15]® R SILTY FINE | 96.5] 5.2 127.9 g
. N TO COARSE SAND N
16. NN A =
17] RN Very Firm, Weathered (Decomposed
i ooy Granite)
18] N
19]
1G) IR 5.6|4.4 [131.0
20'® Ny Yellow and Light Gray 55.6/4. 3
21 o |
Continued on Drawing No. 22
PROJECT NO. i BRSNS . o
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

> ) ,
Elug| . SUMMARY SHEET 2E g';gr:_ _ye
z ;g 23F TOWER NO._159 (Cont.) £Li3ex1a8 <<g
o |SF|lnwlw w¥IEgol> v 3T
o & bl ®lag ~ ¥+
. \‘;{2 Yellow and Light Gray, Dry, *
22 Ny Very Firm, Weathered and
| Y Fractured
23 R
24 B
106 R . 100.0 5.2 |122.1
25'® Ny Light Gray, Molst, Highly
7 NN Weathered and * Intensely
26 NN Fractured, Clayey Slickensides
- NSNS in Fractures '
27- A
2] R
0] BRI SILTY FINE TO
COARSE SAND |
2O 54.5(9.2 |122.9 f.:i
3 i R (Decomposed )
i : Granite) -5!?
32 '_g
N B
. R ®
33 =
34- Slightly Moist, Fractured
35| ORR 100.9 3.9 (113.1
36. \
374
38 \
39: S X
40_@ % 1w09.1 - | - 4
PROJECT NO. DRAWING NO.
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San Diego Gas & EvlecfrAic’:'Co. , 230 KV Line

JOB NAME

: — .
Blaxl | SUMMARY SHEET Se| eplFE| ue
&~ - (] . . -
z|zE|z38 TOWER NO._174 SEidEy8 31328
o 2 . “98> v lng
§ wz|?°9 13' S 20° W of Tower Centerline g | Tpelx 2 mﬁg
. Dark Brown, Very Moist, Soft, ‘
1 N\ with Clay Binder, Very Porous SILTY FINE TO :
i Ny Rootlets, Lenses of 10 to 20 MEDIUM SAND .
2_@ oy Percent Gravel to 1/2 Inch 0.8 | 15.7/104.]
| .‘ N (Topsoil)- E
=]
3" _(,“:‘ _ . (Merges) .g
4. 4 Orange to-Red-brown and Gray- CLAYEY FINE 3,
] —{brown, Very Moist, Firm, Very TO COARSE » e
51(2) FE= Porous, Lenses of 10 to 20 . N 6.5 | 13:50122.1
| ———4Percent Gravel to 1/2 Inch Y
6 R L : -
| 3] Mixed Light Brown, Light Gray, A
74 ~yond Light Yellow=brown, Moist,
i Firm, with Lenses of 5 to 20 MIXED SILTY
8. qPercent Gravel to 1/2 Inch, FINE TO MEDIUM
| 2 N Occasional Cobbles to 4 Inches, SAND AND
9. oy Highly Weathered and Fracture CLAYEY FINE
Aoy Bedrock ' TO MEDIUM :
. NNNNN .
NOLNY SAND AND FINE | 77 | 14.7|114.0 ¥
| RRRRY SANDY SILT 2
114 e
..... Q
12 4 AR (Me@ -'2'&
.,.' 3 .. . 2
N 2 Mixed Light Brown, Light Gray O
13- : : > oJand Light Yellow=-brown, B
7 - ASlightly Moist, Very Compact, 3
14 -] ess Weathered but Highly GRAVELLY _:U:_
@ e % - dFractured Bedrock, 40 to 50 CLAYEY FINE  [19.5] 7.6 131.3 =
151 L84 Percent.Gravel TO MEDIUM ' 3
- 4 SAND ]
161 5
17-
18
ol S
] e
T EX K 22.7
2oa® “‘“‘. =L 14.4123.1
21 4
‘ Continued on Drawing No. 24
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San

JOB NAME

. > ] )
A SUMMARY SHEET 2| a5BE| ux
“law| _ 2a Q y
BEHERE TOWER NO._174 (Cont.) SLi35x8 2328
s |s2|"3% 2 799 % 4 |°5L
& & w Bla ~| «x

] & oo Mixed Light Brown, Light Gray, _

22 ard and Light Yellow=brown,

’ %544 Slightly Moist, Very Compact,

) ¥4 Fractured Bedrock Less _
23 v Weathered with Depth, 40 to 50 2
24: - ¥ § Percent Gravel | -§

1 R GRAVELLY £

o 8.8 [130. T
25-@‘ P CLAYEY FINE | #1-¢ 130.0 ° 3

i TO MEDIUM g 5
2| [ SAND % O

I g
27.‘ .. - -

281 [
29 [E

i 46.6| 5.0 129.3
ne

]

}

]

PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

§

>
& . SUMMARY SHEET O¢| welk €] wg
Lliaal_ %a ' §\n-325“2'
AEHEE TOWER NO, 184 & L1324 835y
g [az|#Tw 29''N 25 W of Tower Centerline and > =[F2%x 4 |58¢
e 4.0' Lower Than Tower Centerline &« Rlo = | =x
. - -4 Light Brown to Gray-brown to.
1- s - o4 Olive~brown, Slightly Moist, .
i —¢—4 Very Compact, 20 to 40 Percent
2_@ v Gravel, Highly Fractured and 22.7|12.0 119.‘J ™
A w4 Highly Weathered Bedrock g
3 i B - &
) A oY
.. - 0 =
=4 < c
4 - o o O
] A ;" O
5-@ e 17.8 1 11.6{122.1 _>~—g
I R 532
61 P T3
N ‘Ect%¢. I
7] s
i . GRAVELLY
8] | , CLAYEY FINE
i -a - dLight Gray~brown, Dry, 40 to TO MEDIUM A
9. s —o- 450 Percent Gravel, Weathered SAND
J le—¢—dand Fractured Bedrock
]0_@" — 35.71 3.9 -
1 o
12 - 4 3
] Fe¥ ¥ NOTE: Drilled on cut pad. 9
3 ¥ %14 feet high cut bank adjacient °
i —e- 7 to the hole showed 2 feet of =
4 ] o a-ldark brown, slightly moist, §
1 _— Eze-&loose silty fine to medium sand O
@ “¢—qwith clay binder, (Topsoli); 64.9| 4.7| - K]
157 - e—wjunderlain by gravelly clayey B
L 1 3 fine to medium sand as at O to 8
16 - ~--2-18 feet above. £
ny-@ : 35.7|5.6 (133.0 ?
1 S _g
I8 - ]
i =
ho
RO _
P
PROJECT NO. ' DRAWING NO.
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

b . .
§lus| SUMMARY SHEET ggngsgg L
- @ @ o <«
TlEs S3% TOWER NO._184 (Cont.) w §ga§3&.ggg
= |€2/93% : IR MIEIET
g s [=] a3
i *Lﬁ -6 Light Gray~brown, Dry, Very g
] < Compact, 40 to 50 Percent GRAVELLY )
P27 ¥ A Gravel, Weathered and CLAYEY FINE TO g
i oo Fractured Bedrock MEDIUM SAND 8
23 4 - o
i o=
2] RS 38
. 44.21 7.3{135.1 o
25-®~ =
-1
PROJECT NO. DRAWING NO.




San Diego Gos & Electric Co., 230 KV Line

DEPTH /FEET |
SAMPLE

' SUMMARY SHEET
TOWER NO._19]

SONIL
CLASS
SYMB.

220' N 6° E from Tower Centerline
53' Lower Than Tower

DRIVE ENERGY
FT. KIPS/FT

FIELD

MOISTURE

% DRY WT.
DRY DENSITY
LBS./CU. FT.

SHEAR
RESISTANCE

KIPS/SQ. FT.

@ ——1 Light Brown to Gray=brown,

Red, O.ronge and Yellow-brown,

Light Brown, Yellow~brown,
Bz | and Brown, Firm

Moist, ‘Soft FINE TO MEDIUM
SANDY CLAY

(Merges)

3.2

22,9

100.0

""" Slightly Moist, Very Firm,

""" Fractured

.....

.....

.....

.....

..... Brown to Gray, Dry,

----- Fractured

.....

.....
D

.....

.....

......

.....

O CLAYEY FINE

TO MEDIUM
SAND

Continued on Drawing No. 28

39.0

16.2

14.6

39.0

5.6

21.4

10.3

5.0

125.4

105.2

125.7]

T Highly Weathered Santiago Peak Metavolcanic Rock 3 " Colluvium

Weathered Santiago
Peak Metavolcanic Rock
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66.6

TOWER NO.__121 (Cont.)

SUMMARY SHEET

CLAYEY FINE

TO MEDIUM
SAND

Brown to Gray, Dry, Very

Firm, Fractured
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JCB NAME

’a .
Elag| .. SUMMARY SHEET NG
o ] @ ) : .
HEHEEE TOWER NO.__230_ |SE|38%|8 B 328
E az|*la 14' N 45° E of Tower Centerline and 2y '“2: = a|"8L +
' 1.5 feet Higher Than Tower Centerline e e =
i -a-a Dark Gray-brown, Moist, Soft, GRAVELLY E
1]  Ee=%] Roots, Porous, Topsoil, 25 Per- | CLAYEY FINE TO ‘T
| ~ea—o4 cent Gravel and Cobbles to MEDIUM SAND =
2] s~ 4 Inches (Topsoil) S
3: ‘ 2%} Red-brown, Yellow~brown, and A
i Gray=brown, Mixed, Moist, ' o -3
4qCD . Firm, Granulated Pleces 1/8 to - 4,937.9 186.7 g 2
] 1/4 Inch P
5] \\\\\‘ Light Brown, Orange, Yellow= '3 g
i ooy brown, and Gray=brown, |12 E
6- SN Medium Firm 'g 2
] Light Gray with Mottled Yellow, =
> €
7. @ BOrange,SlYe}ilow-br?wn, .and SILTY CLAY 11.4{22.2102.3 = £
1 rown, Slightly Moist, Firm, 2 §
g ooy Some Roots, Fractured =
9 + |
‘0‘@ XN Yellow-brown, Slightly Moist, 11.4}17.41106.1 A
1 KXY Firm, with Clay Binder, 5 SILTY FINE
1 - SNy Percent Shells, Lenses of Black SAND
1 RN Fine to Medium Sand
12 - NN
13 . -
4 Ny Yellow, Yellow=brown, Brown, . ®-§
4] RN\ ond Gray, Slightly Moist, Very | CLAYEY FINE TO §é2
1 ~PN2NFirm, Fossils, Chunky, Thin MEDIUM SANDY W
05 _@ any Bedded Layers, with Lenses of SILT 19.5/17.81110.9 'g*g
. SRanySilty Fine Sand 9 g
h AN % 5
SR I AR o2
i AN : z
7] AN (Merges) 2
4 Yellow, Yellow=brown, and §
§8 A White, Slightly Moist, Very 1T
- Firm, with Clay Binder :
49 - : SILTY FINE
1 R SAND .
Qo.@ X 35.7 19.7 N24.2
: ; Continued on Drawing No. 30
| | |
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

» L]
Elug| . SUMMARY SHEET B¢l pulbi| ue
~(ea® Qo zZ vlo > :
HEHRE TOWER NO.._230 (Cont.) R R
a G| EFeg 2 QS
T Ry Yellow, Yellow-brown, and "
21 SN White, Slightly Moist, Very SILTY FINE 0 2
] Ny Firm, with Clay Binder SAND &
l o 2
22 . w €
_ Ny Light Yellow ond White, Slightly '!é E
23 S Moist, Very Compact, e
§ Occasional Coarse Sand SLIGHTLY SILTY 5 <
24 R FINE TO MEDIUM 2 E
i SN Ye llow=brown, Orange, Gray SAND ‘ g
25-@ N SN g_nd Brown 60.0 8.6 ]28.6 '2
-
i
PROJECT NoO. - DRAWING NO.
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

>
E sl SUMMARY SHEET $ | welE e my
SFHPEE 5\0332582
z|sX|392 TOWER NO. 233 “flaEx(8 8328
<393 w ¥ (LQa0 S jus
E wz|N"Un 13' North of Tower Centerline % g &g* E a "gg
] wd Brown and Gray, Slightly Moist, FINE SANDY FILL
1 Soft, Roots, Porous SILTY CLAY
) Gray with Mixed Browns and A
NO) Brown=Gray, Slightly Molst, 4.9 |32.0|78.1 |
Firm, Thin Layers of White,
) Caliche, Rootlets, Fractured,
31 Ry With Lenses of Fine Sandy Silty
’ e Clay, Locally Micaceous
4 ‘
s1@) 6.5(17.9|94.4
NN N ’
-1 INN N NN
6 NN N
-4 NN
71 c
J 2
8 R SILTY CLAY g
AN E
- QA . 6
9. e (Shale) .
e
1) 13.0[27.0 | 92.8 2
]0 n \\\\‘ .‘2
i AN g—.
NN N NN O
1 J AN
DN NN o
1 o
124 £
o
- . ° -
13- =
14
;5] OBSS 9.7 122.9 99.0
| A7 A Yellow to Yellow=brown,
A A/ ASightly Moist, Firm,
161 A AF ractured
i ' FINE SANDY
17 SILT
18-
191 ¥
7 (Merges)|14.6 |26.7 | 99.4
20-@ AL

Continued on Drawing No. 32
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

N o L : a - '
A1 SUMMARY SHEET Bel gxbe| g
FAEHERE TOWER NO._233 (Cont.) Egggzgagag
g|3z|"0a S 9%z 5|58¢
(-] g " fla ~ 3+
- B Gray and Brown-gray, Slightly ‘.g
21 Moist, Firm, Some Caliche and c 0
B 3. ]
. § Gypsum Veins, Locally = E
22 ped Micaceous E £
' S 8
o =
23 5 E
- 5
24+ , g <
1R 23.3|19.3)101.7 9=
251~ FINE SANDY | -
i SILTY CLAY -g §
26- @ —
- = i
27 '~§—
“ 3
28+ NSy Dark Gray to Black Egg
] 55 5
|- o
) ’ 22.5|129.0 | 96.7 [ou:
30«@ +
-ﬁ
:
PROJECY NO. DRAWING NO.
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

» * .
g l=g| SUMMARY SHEET $| w55 E| gl
[ P 0 Q v
HHHEE TOWER NO._245 S£i2Bx128 /329
& 132[*0% 10" West of Tower Centerline, And 165' N64E 2 il g% 8[°8E
a From Existing Tower No, 223133 e Q e x
Brown to Dark Brown, Moist, +
/7] Loose, Soft, Porous, Rootlets, FINE SANDY SILT .
/A (Topsoil) AND SILTY FINE =
@ IS TO MEDIUM | 0.8 | 18.8(82.0 3
SAND 8
©
S
(Merges) é
XN Brown, Moist, Firm, .g
@ N84 Occasional Lenses of 10 to 1.6 |15.1]91.4 3
N XN . he o]
R\ 15 Percent Gravel SILTY FINE TO '_8
MEDIUM SAND -
2
oz
Light Brown to Light Gray-
% brown, Moist, Compact, 25
J Percent Grave! and Cobbles
to 6 Inches .
(Hole Sloughing Below 8 feet) 3
ot
1= §
c
N -§ o
- fragyses
>
t : X , % 'E
: :\‘v% 25 Percent Gravel and Cobbles GRAVELLY £ =
b "\\‘;t to 8 Inches, with Lenses of Fine |LIGHTLY SILTY ‘@ ‘;
\&\1‘. to Medium Sand and FINE TO COARSE : n: £
'\\ Occosional Gravel to 1/2 Inch SAND 19.5/3.5 | - E &
\::\,- (Hole Caving Below 15 Feet) <%
S\:}: (Added Drilling Mud at 15 Feet) 2 Zm
it N N < b
Q \ = G
; \ o
&\ Ol 2 §'
AN oo
% (Merges)
Light Brown to Light Gray-
i lbrown, Moist, Compact, 5 to
123110 Percent Gravel : FINETO MEDIUM
(O} SAND 6.5 |24.8/103.1
Continued on Drawing No. 34
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

‘ >
£ e . SUMMARY SHEETY o8| welb E| wg
SFHEEE g\a‘;'g:'-sz)z.
AHEE TOWER NQ. ___245 (Cont.) YR ERAREE:
alaz(wve | gh,u-on,,.,;ﬁgx\:
a | &L T8 3 EC
- Light Brown to Light Gray- FINE TO
294 :i{| brown, Moist, Compact, 5 to MEDIUM SAND
i "1 10 Percent Gravel!
3..
1 ‘ (Merges) | .. k:
244 Light Brown to Light Gray- é
. :4.9:| brown, Moist, Compact, 30 GRAVELLY ' 2
25-@ 43| to 40 Percent Gravel to 2 Inches | FINE TO COARSE 25.0| 18.1(109.¢ R
_ 8] with Lenses of Fine to Coarse SAND >
26- - Sand E
] 2
i Merges 2
281 (Merges) 2
- Light Brown to Light Gray- 2
29 brown, Moist, Compact, 10 to P
. 115 Percent Gravel to 2 Inches, 2
304 @ {with Lenses of Silty Clay and 10.0| 29.8(91.7 2
J Lenses of Fine to Medium Sand Qc
‘s
a
.
3
FINETO .
COARSE £
SAND 8
'.:é’
Q.
10.021.6(108.0 R
§
>
2
<
AV (Merges) _g
‘#1 Light Brown to Light Gray=- o
¢ ] brown, Saturated, Compact,
e-’| 20 to 40 Percent Gravel and GRAVELLY
-] Cobbles to 5 Inches FINE TO COARSE
P SAND
16.7111.1)127.0

less than one foot per hour.)

(Stopped at 40,0 feet due to caving conditions and drilling progress of

* Water table estimated, due to addition of drilling mud at 15,0 feet,

e
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BENTON ENGINEERING, INC.
APPLIED SOIL MECHAMICS — FOUNDATIONS

6741 EL CAJON BOULEVARD
"'SAN DIEGO. CALIFORNIA 92115

PHILIP HENKING BENTON . SAN DieGco: 5§83-5654
PRESIDENT - CIVIL ENGINEER LA MEegsa: 469-5654

SOILS INVESTIGATION FOR TOWER NO, 81
AND
GEOLOGIC DESCRIPTIONS FOR TOWER
NOS. 25,750, 79 and 85

Introduction

This is to present the results of a soils investigation and a geological investigation con-
ducted at certain tower slhxl ’fo} the proposed San Diego Gas & Elebctric Company Transmission
Line from the San Onofre Power Plant to the Escondido Operating Center in San Diego County,
Califomia. More specifically, this completes the investigation for the Escondido~Rainbow
portion of the Transmission Line.

This investigation included field boring and laboratory testing of the subsoils unde;lying
the site of Tower No. 81 which is located in the channel area of San Luis Rey River. Two driven
pile design curves have been calcﬁlafed for the design of the tower foundation support in that the

fluctuating water level makes this the best type of foundation support in alluvial sand deposits

" in the river bottom.

Also included In this report are the geologic descriptions of the sites of Tower Nos. 25,
50, 79 and 85. This report serves as a supplement to our first interim report dated February 9,

1972, under Project No. 71-12-22A, entitled " Interim Report, Soils Investigation, 230 KV,

- San Onofre~Escondido Line, San Diego County, Califomia,"

Field Investigation

One boring was drilled with a truck-mounted rotary bucket-type drill rig at a location

10 feet north of the proposed Tower No. 81 centerline. The boring was drilled to a depth of

47.0 feet below the existing ground surface. A continuous log of the solls encountered in the



2=
boring was recorded at the time of drilling and is shown in detail on Drawing Nos. 35 to 37,
inclusive, each entitled "Summary Sheet."

The solls were visually classified by field identification procedures in accordance with
the Unffied Soil Classification Chart. A simplified description of this classification system is
presented in the attached Appendix A at the end of this report.

Undisturbed samples were obtalned at frequent intervals, where possible, in the solls
ahead of the drilling. The drop weight used for driving the sampling tube Into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.
The general procedures used in field sampling are described under " Sampling® in Appendix B.
Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to deter~
mine the dry density, moisture content, and shearing strength except for samples too rocky to
test. The shearing strengths of the soils above water table were sheared under their existing
overburden pressures, and for those below water, sheared under saturated and undrained condi-
tions and under normal loads allowing for submerged densities below the water level. The
results of these tests are presented on Drawing Nos. 35 to 37, inclusive.

The general procedures used for the laboratory tests are described briefly in Appendix B.
Soil Strota

Loose and slightly silty fine to medium sand soils with lenses and layers of fine sand were
underlain at the depth of 3.0 feet by a loose fine sand to the depth of 4.8 feet. Between 4.7
and 13.0 feet was a loose fine to coarse sand which merged to a gravelly fine to coarse sand
between 13.0 and 19.0 feet. Approximately 20 to 25 percent gravel was encountered between
the depths of 13.0 and 16.0 feet and approximately 30 to 35 percent gravel and cobbles to 5

inches in diameter were encountered betwesn 16.0 and 19.0 feet. Below 19.0 feet, a 6.0 feet

thickness of medium compact fine to coarse sand with épproximarely 2 inch layers of fine sand

BENTON ENGINEERING, INC.
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and occasional gravel was underlain at the depth of 25.0 feet by o medium compact gravelly
fine to coarse sand to the énd of boring at 47.0 fest. The gravelly fine to coarse sand layef
contalned approximately 15 to 20 pércent gravel and cobbles to 10 inches in diamster between
25.0 feet and 29.5 feet and increased to 20 to 30 percent gravel, and coBbles between 29.5
feet and 41.5 feet. Thin layers of fine sand up to 0.5 foot In thickness were also found beléw
a depth of 34,0 feet and tovthe end of the boring.

Ground water was encountered below a depth of 8.5 feet below existing ground surféce
on March 1, 1972, It should be noted that the rainfall for January ana February, 1972 was the
lowest ever recorded locally at only 0.17 inch for these two months.

Foundation, Tower No. 81

The best probable type of foundation to bé used in the Tower No. 81 site would be driven

piles. Two pile design curves for 12 inch by 12 inch concrete piles and 12 inch steel H-piles are

presented on the attached Drawing No. A. The pile design curves shown are based on calculations
- using the minimum shear strength of the soils in contact with the perimeter areas of the piles, -

~divided by a factor of safety of 2.0 to determine the safe allowable supporting capacities of

single pile. It is assumed that both H-pile and concrete piles have the same perimeter areas.

Therefore the curves are applicable to both types of pile. If smaller perimeter piles are used,

‘then the supporting capacities would be reduced in direct proportion to the ratios of the shortest

‘outside perimeters. Due to the presence of cobbles to 10 inches below 25 feet in depth it will

be easler to drive "non-displacement" "H" type steel piles than ‘any displacement type pi}les.

The upper pile design curve presented on the attached Drawing No. A and B, entitled

“Vertical Supporting Capacities of Driven Piles," presents the safe allowable downward load

supporting capacities for existing ground water conditions. The lower design curve presents the
safe allowable downward load supporting capacities for an water level at the ground water surface.

It Is recommended that the potential maximum elevation of the water should also be taken into

BENTON ENGINEERING, INC.
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consideration in the design. For example, if the river at this location may have 10 feet of
free flowing water above the ground surface at some time during the life of the fower, then a
depth of scour of 10 feet should also be assumed. This would subtract 10.6 kips supporting
capacity for the upper 10 feet of pile, therefore, to compensate for this loss, the length of
pile for the lower design curve for a downward load of 80 kips, should be increased by 1.5
feet.

For uplift forces, it is recommended that only one half the downward allowable load
capacity be used.
Respectfully submitted,

BENTON ENGINEERING, INC.

By /g/;//%‘—-‘

S. H. Shu, Civil Engineer

Reviewed by @, R @)@z:’_/

Philip H. Ben/ron, Civil Engineer

SHS/PHB/ew

BENTON ENGINEERING, INC.
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GEOLOGIC CONDITIONS FOR TOWER NOS. 25, 50, 79 and 85

A brief description of the geological conditions observed at each site is presented as

follows

Tower No. 25

On February 4 and 18, 1972 the site of Tower No. 25 was inspected to determine the
suvttabllity'of using the exIsting rock outcrops for rock anchor footings. The first visit was made
after the center point had been established and the second visit was made aofter each of th;':t’our
footmg points had been established Leg No. 1 (southwest comer) and Leg No. 4, (southeast
eomor) are each founded upon a partly-buried relatively flat solid granodiorite boulder which
measures about 30 feet In an-east-west direction by about 15 feet in a north-south direction.
There is a north-south trending joint near the center of the bouldet dividing it into unequal
parts, and except for tninor surface spalling, the two portions appuar to be solid massive boulders
capable of adequately supporfing the proposed tower legs with no ‘gdditionol site preparation other
than drilling and setting an;tto’r bolts.

" The northeast Leg,. No. ; is located on what is probably a large mostly-burled grano=

,dlortte boulder of unknown dsmens:ons. Thin surface soil and debris should be removed from the
‘surface of this boulder to determine if it has lateral dimensions of. ‘six or more feet in diameter and
_ifso, it may be drilled cmd tested for use as a rock anchor Foottng. Unfortunately, this footing -

is located down between two very large boulders exposed on the surfoce The boulder on the

westerly side extends yerttt:ally up.from the ground surface about six feet and in its present -

position will interfer with the bottom angle support structure for this leg, and wnll need to be

" removed prior to tower construction. The large boulders present easterly of the tower leg will

probably not need to be removed unless they interfer with construction equipment..
The northwest Leg, No. 2, Is In a location free of Iarge surface boulders. Colluvium
and rock debris cover the surface. It Is possible that removal of surface debris may expose a

large boulder which could be used for a rock anchor footing.

BENTON ENGINEERING, INC.
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In the case of footings for both Legs 2 and 3, if large enough boulders are encountered
to be used for rock anchor footings, these should be inspected to insure that no joints or cracks
exist which would effectively reduce the mass of rock acting together to properly support and to
serve as adequate anchorage for each leg. | |

Tower No. 50

On January 4, 1972, the site of Tower No. 50 was inspected and it was determined at
that time that a rotary bucket drilling rig could be moved in on existing roads with no difficulty.
During a brief surface geolegical inspection, the site was found to be underlain by topsoils and
colluvium with occasional outcrops of three to five feet diameter granodiorite boulders. Subse-
quently, the boring drilled at Tower No. 50, disclosed one foot of colluvium, followed by
weathered grﬁnodiorite from 1.0 to 6.5 feet where the drill rig met practical refusal (drilling
progress slowed to less than one foot per hour). If a rotary auger type drill rig capable of exgrf-
ing hydraulié down pressure is not able to penetrate the dense very compact weathered granotc—'
diorite the required depth for concrete pier footings, a rock anchor testing program may. be
initiated to determine the suitability of this material for rock anchor footings.

Tower No. 79

On January 5, 197'2., the site of Tower No. 79 was viéﬁéﬂ with binoculars from Pala
Road, Highway 76, at a position about one mile to the north—no;‘ihwest. The uppfdxirﬁol'ely
located site is on o 28° wgsfe_rly fdclng rugged slope with man); 10 feet and more diumeter boulders
- .on the surface. Access is by foot only with no trails, and it was. _thérefore concluded that a binoc~
vlar look would be the most economical méans of site investigation at this point in planning. The

site appears to be located in an area of dark gray to black outcrop: boulders about half way up the

mountain slope. On the State Geologic Map (Santa Ana sheet, 1965) these outcrops are identi-

fied as Upper Jurassic marine. Similarly identified rocks crop out at Tower No. 115, which was

BENTON ENGINEERING, INC.
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visited on January 6, 1972, The outcrop at Tower No. 115 is a classic example of a metasedi~
mentary gneiss with well developed foliation, The Upper Jurassic marine at Tower No. 79 Is
most likely similar to that found at Tower No. 115.

We anticipate that rock aﬁci\or foundations may be possible at fower No. 79 if large
partially buried boulders are present under the footing legs. This situation would be similar to
that encountered at Tower No. 25 were individual tower legs were staked prior to a final
inspection and decision as to the type of footing to be used.

Tower No. 85

On January 7, ]972;, the site of Tower No. 85 was viewed with binoculars from a
private dirt road in the SE 1/4, 20/T9S, R2W, SBBM, at a position about one half mile north-
northwest. The site is located on the crest of an easterly sloping ridge which is covered with a
thick mat of brush and occasional rock outcrops. Access is by foot only with no trails, and it
was therefore concluded that a binocular look would be the most economical means of investiga-
~ "tlon at this point in planning. The site is located in an area of dark gray to black outcrop boulders
- which on the State Geologic Map (Santa Ana sheet, 1965) are identified as Mesozoic basic intru-
sive rocks. Similarly identified rocks crop out at Tower No. 82 which was visited on January 7,
1972. The outecrop at Towen; No. 82 is a gabbro, and the boring at Tower No. 82 disclosed very
dense massive gabbro boulders up to 2.5 feet in diameter floating ina silty clay matrix. Drilling
was stopped at 3.5 feet due to the size and number of boulders. The Mesozoic intrusive rocks at
- Tower No. 85 are most likélx sirﬂilur to those found at Tower Ni);. 82.

We anticipate that d,rllling auger holes. for concrete pier footings may be extreme(y diffi-
cult due to the presence of hard dense floating gabbro boulders at Tower Nos. 82 and 85, Perhaps

this type of footings may be attempted first, if it is usual to make an attempt, but with the.

BENTON ENGINEERING, INC.
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probability that spread or mat type footing would be more feasible to construct by dozing out
a footing below the ground surface. \

Respectfully submitted,

BENTON ENGINEERING, INC,

By (. J ZHart—
w. JO ElHO", ROG. ]]0]

Distr: San Diego Gas & Electric Company
(3) Attention: Mr. John Burton
(2) Attention: Mr. C. Hjalmarson

‘WJE/PHB/ew

BENTON ENGINEERING, INC.



Depth Below Existing Ground Surface and Elevation (Feet)
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San Diego Gas & Electric Componf - 230 KV Line

JOB NAME

: = .
o g > w
g ue| Ea SUMMARY SHEET Sk | 25| 85 | EE
HAHIES " TOWER NO, 81 & |25%| 88 | 858
w | 2 8o ' ELEvaTion_ 325' * 2t “8x §§ "’ﬁg
0 : 8 Drilied 10' North of Centerline o
- NN Light Gray, Slightly Melst,
1 Q2 Loose, with Lenses and SLIGHTLY SILTY
- Layers of Fine Sand FINE TO MEDIUM/|
2_@;»’_, SAND 0.8 |6.1 |83.00.26
B Light Gray, Slightly Mo
- " ight Gray, Slightly Moist,
s [F loose FINE SAND
s |@F 0.8 15.3 190.410.52
o Light Gray, Slightly Molst, ’
7] Loose, Occasional Small
6 Gravel :
=
7 —
8_
FINE TO
Saturated COARSE SAND
0.8 {17.2)13.8|1.95
: Continued on Drawing No. 36
- Q - ‘Indlicates undisturbed drive sample
: * =~ The elevation shown was estimated from confour map.
N U.S.G.S. Map. (Scale: 1" = 2,000 Feet)
]
PROJECT NO. ' ' C DRAWING NO.
71-12-22A BENTON ENGINEERING, INC.




San Diego Gas & Electric Company - 230 KV Line

)

’

"
=
q
2
[+]
Q
]

)

- 5 G'_' W |.>..|- W
T A SUMMARY SHEET gk | zk| gt | o2
“ |am| 29 z9 2>| 52 | <3¢
38| 3:8 TOWER NO, 81 (Cont.) S [ 25| 23 | 852
E 33| "33 — we =8| >4 | 5gE
w N2 2 —t 2R [+ | l;g
13 2 8 i
- b‘.. Light Gray, Saturated,
14_] Y ' Loose, 20 to 25 Percent
4 & Gravel
LA
15— R
(@ GRAVELLY | 1.6 [16.4 1191 3.05
161~ s FINE TO COARSE
- B3 30 to 35 Percent Gravel and SAND
17+ :. Cobbles to 5 Inches
] &
18 [®
v Gray, Saturated, Medium
Compact, with 2 Inch Layers
of Fine Sand, Occasional
Gravel 6.5 121.0{104.8 2.47
FINE TO
COARSE SAND
Gray, Saturated, Medium
Compact, 15 to 20 Percent 5.0 [16.3]114.03.54
Gravel and Cobbles to 10
Inches, with 2 Inch Layers
of Fine Sand
GRAVELLY
FINE TO
COARSE SAND
20 to 30 Percent Gravel
and Cobbles to 10 Inches 3.3 9.90125.4/ -*

* Too rocky to test.

PROJECT NO.

71-12-22A

Continued on Drawing No. 37
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ectric Company - 230 KV line

San Diego Gas & E|

JOB NAME

o 5 6l-- [T t'—. "gl-
W | we] L4 SUMMARY SHEET gu | =k g | 2%
Ll zZal 208 28 | 3251 83 | 429
EEHI It TOWERNO.__81 (Cont.) ws luax| of | ¥62
5132 "85 5. 1%22 >3 | »ak
8 < go | 2F| £ | ev
34 -2 2
- B Gray, Saturated, Medium
35— R Compact, 20 to 30 Percent
Gravel ond Cobbles to 10
36 Inches, with Thin Layers of
- Fine Sand
37
38_
39—
40| GRAVELLY
] FINE TO
] COARSE [ 4.2 |14.6)108.6| 4.72
SAND :
42 4 Inch Layer of Clayey
43 Fine Sand 4.2 | 17.4113.4|5.59
B 6 Inch Layer of Fine Sand
44—
- 5 Inch Layer of Fine Sand 5.8 [13.61119.2 -+
45
46—
47 :
| * Too rocky to test.
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BENTON ENGINEERING, INC.
APPLIED SOIL MECHANICS -— FOUNDATIONS

6741 EL CAJON BOULEVARD
SAN DIEGO. CALIFORNIA 92115

PHILIP HENKING BENTON SAN DiIEGO: 583-5654
PRESIDENT - CIVIL ENGINEER LA MESA: 469-5654

SOILS INVESTIGATION FOR TOWER STATIONS
2364+26 .70 AND 2400+63.03

Introduction

This is to present the results of a soils investigation conducted at the subject tower sites
for the proposed San Diego Gas & Electric Company Transmission Line from H;e San Onofre
Péwer Plant to the Escondido. Oéer_aﬂng Center in San Diego County, Califomia.

This report serves as @ 4supp| ement to our previous interim reports dated February 9, 1972,
February 28, 1972, March 11.,"“'19742 and March 17, 1972, all under Project No. 71-12-22A, -

The objectives of this investigation were to determine I'hé existing subsurface conditions
and physical properties of the soils in order that app@riate soll parameters could be presentea
for designing the tower foundation along a portion of the RaiﬁbowJalego segment of the
Transmission Line.,

In order to accomplish these objectives, two borings were drilled and undisturbed samples
were obtained, where possible, for laboratory testing.

Field Investigation

Two borings were drilléd with a rruckl-mounted rotary bucket-type drill rig supplemented
by manual excavations at the locations 15 feet northerly of the tower centerline at Station
2364+26.70 and at 15 feet westerly of the tower centerline af Station 2400+63.03. The borings
were drilled with great dlfﬂcuiry due. to the presence of large boulders to depths of 7.0 feet to
11.5 feet below the existing ground surface. Upon &mpleﬂon of drilling, our field engineer
" was lowered Inside the open Borings to check the properties of the matrix soils around the

cobbles and boulders encountered.
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A continuous log of the soils encountered in the borings was recorded at the time of
drilling and is shown in detail on Drawing Nos. 38 and 39.

The soils were visually classified by field identification procedures in accordance with
the Unified Soil Classification Chart. A simplified description of this classification system is
presented in the attached Appéndix A at the end of this report.

Undisturbed samples were obtained at frequent intervals, where possible, in the soils
chead of the drilling. The drop weight used for driving the sampling tube into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.
The general procedures used in field sampling are described under "Sampling" in Appendix B.

Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to deter-
mine the dry density and moisture contents. The results of these tests are presented on Drawing
Nos, 38 and 39. Saturated and drained direct shear tests were also performed on selgcfed qndol.s:-m

turbed samples in order to determine strength parameters of the soils for foundation design. The
shear tests are run using a direct shear machine of the strain control type in which the rate of -
deformation is approximately 0.05 iﬁch per minute. The machfne is so designed that the tests
are made without removing the samples from the brass liner rings in which they are secured ..
Samples are sheared un‘der various normal loads in order to obtain the intemal angle of friction
and cohesion, |

For samples containing too large gravel to be sheared In regular undisturbed manner, fhe
matrix portion of the soils was remolded to a density of 110 pounds per cubic foot under field |
molsture condition in the brass liner, and the remolded sample was then sheared three separate

times under saturated and drained conditions at three various normal loads. The first point of

the strength envelope was sheared under a small normal load of 0.5 kips per square foot. The

shear specimen was remolded to its original state, saturated, drained, and a higher normal load

BENTON ENGINEERING, INC.
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of 1.0 kips per square foot applied and then sample was again sheared. The sheared sample
was again remolded fo its original state, saturated, drained and the sample again sheared under

higher normal loads of 2.0 kips per square foot. The results of the shear tests are tabulated

below:

Shear Resistance o
in kips/sq ft Apparent . Angle of Intemnal
: Under Normal Cohesion Friction
Sam-~ Depth Load of (Ib/sq ft) (Degrees)
Tower ple in Soil 0.5 1.0 2.0 Recom- Recom-

Sites No. Feet Description (Kips per sq. ft.) Tested mended Tested mended

2364+ 1 1.0 Clayey very 0.47 0.34 0.61 100 100 * 15 15 *
26.70 fine to fine
) sandy gravel

2400+ 1 1.0 Clayey very 0.46 0.54 0.77 350 350 * 12 12 +
63.03 fine to fine '
sandy gravel .
2 6.5 Clayey very 5.365 ** 7,28 4700 350 52 36
fine to fine :
sandy gravel
3 11.0 Clayey sandy  Sample too rocky and too intact to be sheared.
Cravel.

Note: * Strength parameters obtained from the test of matrix portion of soils around gravel
and cobbles recovered in the field.
** Sample too rocky and too intact to be sheared.

Soil Strata

At the Station 2364+26.70 ToWer site, clayey very fine to fine sandy gravel was encoun-
tered throﬁghour to the limit of exploration at 7.0 feet. 'This layer was grayish-brown medium
firm, and c,ontained‘approximat‘ely 50 to 60 percent gravel, cobbles and boulders up to 36 inches
in diameter. The boring was terminated at a depth of 7.0 feet due to slow progress iﬁ drilling |
through many lofge boqlderé.

No ground water was encountered In this boring.

BENTON ENGINEERING, INC.
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At the Station 2400+63.03 Tower site, clayey very ﬁne to fine sandy gravel was encoun~
tered throughout to the limit of exploration at 11.5 feet. This layer was grayish-brown in color
and éontaingc_l approximately 50 to 60 percent gravel, cobbles and boulders up to 26 inches in
diameter. The upper 1.5 feet of the layer is medium firm and porous and graded to very firm
below 1.5 feet to the end of boring.

No ground water was encountered in this boring.

Because of the large boulders encountered at both tower sites, which would cause difficult
drilling conditions for deep foundation construction, it may be desirable to consider the use of
conventional spread footings for foundation support. A bearing value of 4500 pounds per square
foot may be used for o 3 fost wide square footing placed at @ minimum depth of 1 foot into the
lowest adjacent undisturbed ground surface. For each additional foot below this depth, an
increase of 900 pounds per squﬁre foot may be used up to a maximum bearing value of 8000
pounds per square foot.

Respectfully submitted,

BENTON ENGINEERING, INC.

By%-/%/%g_d

S. H. Shy, Civil Engineer

coviowed b_@ J o

Philip H. Benton, Civil Engineer

Distr:  San Diego Gas & Electric Company, San Diego
- (3) Attention: Mr. John Burton
San Diego Gas & Electric Company, Chula Vista
(2) Attention: Mr. Lloyd Wilson

SHS/PHB/ew
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San Diego Gas & Electric Co., 230 KV Line

-

JOB NAME

“,

wxsm

71=12-22A

o ) g zi—- T El’; 3#—
b us 53 SUMMARY SHEET B% | qes| 21 [ o35
£l2g égé STATION 2364+26.70 a% |2og §§ ahe
Q. n .. vl 2 2
Og “ ém 15' North of Tower Centerline gt L o
L - : Gray-brown, Slightly Meist,

1- @ .o Medium Firm, Some Medium 9.7 16.3 (128.0‘

- n_8 and Coarse Grains, 50 to 60 1
2_ > Percent Gravel, Cobbles and

B »—e—+i\\ Boulder to 36 Inches
I 24 Inch Bou|der CLAYEY VERY

(X ight Brown

7 ™ 20 Inch Boulder FINE TO FINE
4 SANDY

| 36 Inch Boulder GRAVEL
5
6]

24 Inch Boulder

7: 20 Inch Boulder

i * Too rocky and disturbed. The figure in the parenthesis was the

B unit weight of the rock portion only.

- Note: Boring was terminated due to very slow progress in removing large,

- oversized boulders by hand.

PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Co., 230 KV Line

JOB NARME

Z > > .
a e 9 wp| B o
w w =) [ 1 b w
£ ug ;-Eg SUMMARY SHEET s 355 25 | s
£ | %3] 9is STATION .2400+63.03 we | Z281 05 | 225
1wz Bo . R 24 g* ;‘é’ mw;
8 3 15' West of Tower Centerline g a «
_ 1 P '-. Gray-brown, Dry, Medium ,
14 @ v Firm, Some Medium to 9.7 | 7.4 1108.9
] XD Coarse Grains, 50 to &G Percent o
2_ » Gravel, Cobbles and Boulders
I to 26 Inch, Porous to 1.5Feet
3| P 20 Inch Boulder
- Light Brown, Slightly Moist,
4 Very Firm '
. 26 Inch Boulder
51 BNE CLAYEY VERY
7 FINE TO FINE .
: SANDY '
20 Inch Boulder GRAVEL 65.0(7.6 |136.8
25 Inch Boblder
26 Inch Boulder 42.517.3 |118.9

Note: | Boring was terminated due to very slow progress in removing large,
oversized boulders by hand.

~ PROJECT NO.
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BENTON ENGINEERING, INC.
APPLIED SOIL MECHANICS — FOUNDATIONS

5840 RUFFIN ROAD
SAN DIEGO, CALIFORNIA 92123

PHILIP HENKING BENTON

PRESIDENT - CIVIL ENGINEER TELEPHONE (714) 565-1955

APPENDIX A
Unified Soil Classification Chart*

larger than No. 4

*

** All sieve sizes on this chart are U. S. Standard.

SOIL DESCRIPTION GROUP TYPICAL
: SYMBOL NAMES

I.  COARSE GRAINED, More than half of

material is larger than No. 200 sieve

size ,**
GRAVELS CLEAN GRAVELS GW Well graded gravels, gravel-sand mleures,
More than half of little or no fines.
coarse fraction is GP Poorly graded gravels, gravel=sand

mixtures, little or no fines.

sieve size but smaller GRAVE LS WITH FINES GM Silty gravels, poorly graded gravel-
than 3 inches (Appreciable amount sand=-silt mixtures.
of fines) GC Clayey gravels, poorly graded gravel=
sand=-clay mixtures.
SANDS CLEAN SANDS SW Well graded sand, gravelly sands, little
More than half of or no fines.
coarse fraction is SP Poorly graded sands, gravelly sands,
smaller than No. 4 little or no fines.
sieve size SANDS WITH FINES SM Silty sands, poorly graded sand-SIIf
(Appreciable amount mixtures.
of fines) SC Clayey sands, poorly graded sand-clay
mixtures.,
. FINE GRAINED, More than half of
material is smaller than No. 200
sieve size.**  SILTS AND CLAYS ML Inorganic silts and very fine sands, rock
flour, sandy silt or clayey=-silt=sand
mixtures with slight plasticity.
Liquid Limit CL Inorganic clays of low to medium plas=-
Less than 50 ticity, gravelly clays, sandy clays,
silty clays, lean clays.
oL Organic silts and organic silty-clays of
low plasticity.
SILTS AND CLAYS MH Inorganic silts, micaceous or diatomaceous
fine sandy or silty soils, elastic silts.
Liquid Limit CH Inorganic clays of high plasticity, fat
Greater than 50 clays.
' ’ OH Organic clays of medium to high
plasticity
HI.  HIGHLY ORGANIC SOILS PT Peat and other highly organic soils.

Adopted by the Corps of Engineers and Bureau of Reclamation in January, 1952,
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APPENDIX B

Sampling

The undisturbed soil samples are obtained by forcing a special sampling tube into the
undisturbed soils at the bottom of the boring, at frequent intervals below the ground surface,
The sampling tube consists of a steel barrel 3.0 inches outside diameter, with a special cutting
tip on one end and a double ball valve on the other, and with a lining of twelve thin brass
rings, each one inch long by 2.42 inches inside diameter. The sampler, connected to a twelve
inch long waste barrel, is either pushed or driven approximately 18 inches into the soil and a
six inch section of the center portion of the sample is taken for laboratory tests, the soil being
still confined in the brass rings, after extraction from the sampler tube. The samples are taken
to the laboratory in close fitting waterproof containers in order to retain the field moisture until
completion of the tests. The driving energy is calculated as the average energy in foot=kips

required to force the sampling tube through one foot of soil at the depth at which the sample is
obtained.

Shear Tests

The shear tests are run using a direct shear machine of the strain control type in which
‘the rate of deformation is approximately 0.05 inch per minute. The machine is so designed that
the tests are made without removing the samples from the brass liner rings in which they are
secured. Each sample is sheared under a normal load equivalent to the weight of the soil above
the point of sampling. In some instances, samples are sheared under various normal loads in
order to obtain the internal angle of friction and cohesion. Where considered necessary, samples
are saturated and drained before shearing in order to simulate extreme field moisture conditions.

i
Consolidation Tests

The apparatus used for the consclidation tests is designed to receive one of the one inch
high rings of soil as it comes from the field. Loads are applied in several increments to the upper
surface of the test specimen and the resulting deformations are recorded af selected time intervals
for each increment. Generally, each increment of load is maintained on the sample until the rate
of deformation is equal to or less than 1/10000 inch per hour. Porous stones are placed in contact
with the top and bottom of each specimen to permit the ready addition or release of water.

Expansion Tests

One~inch high samples confined in the brass rings are permitted to air dry at 105° F for
‘at least 48 hours prior to placing into the expansion apparatus. A unit load of 500 pounds per
. square foot is then applied to the upper porous stone in contact with the top of each sample. Water
is permitted to contact both the top and bottom of each sample through porous stones. Continuous
~observations ‘are made until downward movement stops. The dial reading is recorded and expansion
is recorded until the rate of upward movement is less than 1/10000 inch per hour. '
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APPLIED SOIL MECHANICS — FOUNDATIONS
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PHILIP HENKING BENTON B SAN DIEGO: 583-5654
PRESIDENT - CIVIL ENGINEER February 28' ]972 LA MesSa: 469-5654

San Diego Gas & Electric Company
P. O. Box 1831
San Diego, California 92112

Attention: Mr. John Burton}

Subject: Project No. 71-12-22A
Report of Seismic Investigation
230 KV San Onofre-Escondido Line
San Diego County, Claifornia

Centlemen:

This is to transmit to you three copies of Mr. T. Funnekotter's report entitled "Subsurface
Investigation, Tower Sites, 230 KV Line, San Diego County, California, " dated February
21, 1972, and his addenda entitled, "Subsurface Investigation, Tower Sites, 230 KV Line,
Stations 112, 113, and 114, " dated February 25, 1972. Mr. Funnekotter's subsurface
seismic investigation of selected tower sites was made in conjunction with our report of
Project No. 71-12-22A entitled, "Interim Report, Soils Investigation, 230 KV San Onofre-
Escondido Line, San Diego County, California, " dated February 9, 1972,

We are transmitting under separate cover two copies to Mr C. Hjalmarson of-the San Diego
Gas & Electric Company, Chula Vista office. :

Comments contained within the body of Mr. Funnekotter's report describe the relationships
between seismic velocities determined with a portable engineering seismograph and rock types
observed during his reconnaissance of each site. According to our agreement, the following
tower sites were investigated: 1 through 19, 32, 59, 108, 109, 110, 112, 113, 114, 120
and 160. Tower No. 108 was visited by Mr. Funnekotter and observed to be an outcrop of
solid grantic rock and therefore seismic velocities were not determined for that point. Also,
Tower Nos. 111, 112, and 113 as per original ogreement have apparently been changed to
Nos. 112, 113, and 114, respectively.

In general, he found velocities of 1200 to 1500 feet per second In soil and alluvium, 2000 to
3800 feet per second in decomposed and fractured grantic and metamorphic rocks, and 7000
to 9000 feet per sacond in dense massive fresh granitic and metamorphic bedrock. He further
suggested that materials with a velocity up to 3800 feet per second may be drillable with o
"drilling machine"’ ‘




Project No. 71=12-22A =2 February 28, 1972
San Diego Gas & Electric Company

We have made our own correlations between the seismic velocities vs. penetration of our bucket=
type rotary drilling rig, ot individual towers, or adjacient towers in a similar rock formation,
which were investigated by both seismic and drilling methods and feel that the following may be
used as a reasonable guide:

Up to 2500 feet per second = Drillable

2500 to 3200 feet per second = Marginal

More than 3200 feet per second - Little or no penetration, practical refusal,
less than 1 foot per hour.

Certainly a rotary auger type drill rig capable of exerting hydraulic down pressure could penetrate
formations which would stop a bucket =type rig, and in that case the limits set above could be
increased. Encounters with fresh dense boulder floaters within otherwise drillable materials will
of course stop either a rotary bucket or auger type of drill rig.

If you have any question ofter reviewing Mr. Funnekotter's report, please do not hesitate to
contact this office.

This opportunity to be of service is sincerely appreciated.
Respectfully submitted,

BENTON ENGINEERING, INC.

illiam J. Elliott, R.G. 1101

Distr: (3) Addressee
(2) San Diego Gas & Electric Co., Chula Vista
Attention: Mr. C. Hjalmarson

BENTON ENGINEERING, INC.
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T. FUNNEKOTTER ENGINEERING GEOLOGY GEOPHYSICAL INVESTIGATIONS

:,‘-'L REGISTERED GEOLOGIST For

CERTIFIED ENGINEERING GEOLOGIST . Subdivision Besign
‘ P. 0. BOX 575 - ESCONDIDO, CALIF. 92025 Pipelines - Roads
(' 746-2793 Seismic Rippubility Studies

) Purpose: To evaluate subsurface conditions at selected tower
| sites for a 230 KV line in order to determine what
excavation and drilling problems may be anticipated.
) Method: Refraction Seismography. Geologic reconnaissance.
Discussion: The tower sites are situated primarily on two types
of rock units, metamorphosed sedimentary straté and
J ‘ granitics. The metamorphosed sedimentary strata is
mainly argillite, schist, and quartzite. The high line
crosses the contacts of these two units at several
> locations. The velocity profile identifies at each
location the visible surface material as follows:
GR - granitics
4 M - ;metamorphosed sedimentary strata
Fifty three Seismic traverses were run between station

number 1 and station 160. Most runs were made at 45

b degrees to the line - exceptions are noted on the
location plat. From one to three layers were mapped in
the following velocity ranges:

’ 1200 to 1500 ft/sec - soil'aﬁd alluvium
2000 to 3800 ft/sec - decomposed and fractured granitic

and.metasédimentary strata

’ 7000 to 9000 ft/sec - dense, massive parent rock

(L : The soil and alluvium is up to 12 feet deep and the
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Scismic Rippobility Studics

Discussion: (con't)

‘decomposed material is from 6 feet to over 36 feet deep

High velocity material was located on stations 1,2,3,5,
6,9,16,18,19,32 from 6 feet to 35 feet deep. The rest

of the lines indicate that the intermediate velocity

zone has a range of 2000 ft/sec to 3800 ft/sec from a

minimum depth of 25 feet to over 34 feet. Virtually all
runs indicate boulders either scattered or heavily
concentrated as indicated on the profile. Very large
bbulders are also indicated on the profile.

On site 5 there is a large outcrop immediately upslope
from the runs. At site 16 the traverse is entering an
outcrop at the end of run 16B. At site 109, a very
heaQ; concentration of large boulders exists in the
first 40 feet of the run (0 to .4). In the vicinity

of station 113 at the top of the mountain a test was
made directly on top of the‘rock - this showed a veloci
of 9000 ft/sec. Station 160 is a unique situation in
that the velocity is very low to a considerable depth.
The material appears to be depositional in nature with
rounded small rock fragments'up.to boulders. This area

appears to be severely eroded water deposits.
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Conclusion:

Seismic Rippaobility Studies

The project exhibits a wide range of Seismic velocities
from very soft to very hard material. The material is
also highly varied - from stream deposits to decomposed
to rigid igneous and metamorphic rock. Most of the
sites appear to be rippable with a D-9 Cat. In terms of:
rippability, the following schedule should appiy for

the types of material encountered:

Velocity (ft/sec) Excavation Method
0 to 2000 | Scraper

2000 to 5000 Ripper

5000 to 5500 Marginal

Over 5500 Drill & Shoot.

In order to correlate a drilling machine to the Seismic
velocities to determine its capability, the following
selection is made:

Station Veldcity (ft/sec)

160 2100
120 24,00
29 2500
8 3000
7 3100
12 3300
14 3600
10 3800

"The entire project has a considerable amount of rock
fragments contained in the overburden - the above
selection appears to be most free of rubble. This

should make for better correlations.
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Conclusion: (con't)

ENGINEERING GEOLOGY GEOPHYSICAL INVESTIGATIONS

For
Subdivision Design
Pipelines - Roads

Seismic Rippability Studics

ceem -

These stations also show good Seismic evidence. So this

selection is a compromise between avoiding rubble and

boulders and good Seismic information.

Submitted by

Tt

' T. Funnekotter



SEISMIC - RIPPABILITY INFORMATION

The following points should be considered when evaluating Seismic

) (
b
N 1.
b
b
2.
. 3.

information:

All velocities, depths, 'and thicknesses are averages'and qualified
according to the following schedule:

G - good

F - fair

P - poor

VP -~ very poor

? - questionable

Grades of G, F, and P can be considered reliable; VP and ? should
be considered as indications only.

Each profile provides information in the immedisate area of that
profile - extrapolation outward from this area must be considered
speculative unless additional information is available.

As the velocity of the material increases, ripping becomes progre-
ssively more difficult until at some point it is more economical
to drill and shoot the material prior to excavation. This point
occurs within the marginal zone. Rippability figures vary with the
type of material, however, in general, D-9 ripper performance is
as follows:

Velocity Range (ft/sec) Excavation Method
0 to 2000 Scraper

2000 to 5000 . Ripper

5000 to 5500 Marginal

Over 5500 Blasting

These figures are based on several hundred job studies.

For trencher and backhoe operations the rippability figures must

be adjusted downward, i.e., velocities as low as 3500 ft/sec may
indicate material that is not rippable, depending on the homogeneity
of that material, whereas material measuring over L300 ft/sec almost
certainly would require explosive work. As an average, materials
measuring over 3800 ft/sec would mean difficult trenching and the
economics of the situation would probably dictate explosive work
first. The above figures are based on a machine similar to the
Kohring 505.
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Discussion:

Seismic Rippability Studies

- ADDENDA
SUBSURFACE INVESTIGATION
TOWER SITES 230 KV LINE

Stations 112,113,&114

All these stations are west of Highway 395 - 114 is
at the very top of the mountain. The material is
granitic. The higher reaches are solid granite
outcrops - the flanks are composed of decomposed
granite and huge blocks (ﬁp to 4O and 50 feet) and
boulders that ﬁave drifted down. This appears to be
the major condition of the slopes although gfanite
outcrops can also be seen here.

High velocity granite was located at station 112 from
6 feet to 17 feet deep with large boulders within the
overburden. Station 113 appearsvto be comprised of hug
blocks and boulders rather than a clearly defined high
velocity horizon. Station 114 is in a saddle on top of
the mountain and appears to be large boulders scattere
within a softer decomposed granite matrix. No high
velocity horizon was located here to approximateiy 34
feet. This is especially interesting since a large
northerly plunging ouﬁcrop is present just to the sout

of line B.



T. FUNNEKOTTER ENGINEERING GEOLOGY GEOPHYSICAL INVESTIGATIONS

REGISTERED GEOLOGIST : For
CERTIFIED ENGINEERING GEOLOGGIST : Subdivision Design
p. O. BOX 575 - ESCONDIDO, CALIF. 92025 Pipelines - Roads
746:2793 Seismic Rippubility Studies
Conclusion: A most distinctive feature of these locations are the

size of the boulders and blocks - the boulders are from
a few feet in diameter to over 20 feet, the blocks are
upwards of LO-and 50 feet. A high velogit§ horizon was
located on station 112 at 6 feet to 17 feet deep. The |
granite horizon was also located on station 113 but her
it is ill defined -~ probably a series of huge granite
blocks. The thickest overburden was located at station

114 at the top of the mountain.



¥
&
|
b~
/’
a

— . [ + L ‘ T h i i
M ! . oo . [ VO . ! H w - N . 1 . " , . ' e
.t . .. , g . -~ 4 - ¢ . .. - “ -~
P . o~ . - ey .- .w.. - B w‘ . . : .a ' .ot . ¢ . - . y
1 1w weo i {4+ v . , You 4 d 3 - [ S v g " . . PR
sy HT N N S T soeh . - .- . . ! b ‘ -
v i . P . L. - .. - ) i L. H ) - 4 w.. - R - -
s e s A o ot vunm —p —— s g o ot - e bk [ D PR S TS A B e S o CHWAUMED YIRS VPSRN Wvw, o - o et . o oot o - -
& e S - g N PR s e
N B . A . i ) R - 1 . N
” . ! - E ] -y 'A . + f ) - ? v . . j o
o o : . Y . _ . y - “ L. {
(B 2 Lo e . ?M .. { . s - b B K W .
N * - : & \ ' R . M ¢ y - -
. w v - A - w i [ . - - * w X bea i . . 0.
B T T e e o &!.‘f oo - ;“ B IA\.#» -- — L e e o S e
i} « .. ) . o 4+ B ﬂ 1B . - oL . - : . o - .
! . P . F 45y - "N l /—. , s s } .. % . i
¢ y o M R S Y ! ' t . gb P A
) /@ 0/.7@» c i xQ ; - U AN .
— 3 - - . - //Y? . - - v s ce e - r I* P ’ commn e vty !I.V‘T,.’i R - "2 it oy ey
! ~ W # N W‘;n ﬂm i i - : . - " P
~ D (NI ' 8 .
o e T AN - s s g+ i RY v ot e i = RO -2 —— ”
~N e ~
K
b

;’ LACEE F?
Ir
ol
A
f-w
-
-9 N
A

. N,
! l N T :
. R 3. _
R, ] : '
$ \ , _
,( TN ol L
S ! , 3 h W hY , ! . w
i ’ H ~ ,U/ i 5 (.. } 4 g . . -
§ + . - . - . B i - . w - . .
- g S my t* sttt oI, e et 4 e t!.LI. 1..-.!;%‘\0. ‘RI ! ot S 4 g Rl il L. SUR SR -
o “ .o B . o - \ - P” y . - . M ¢ 1 -
- Y 2 s - . . - . '
N YR ACI ) AT R i .
' A Paoaeteli - o b AT ” . : a4 IR .
' ?J oy T e . % ' . :
. A ) - av.!. - Ft “ K. . . . . 4 . - -
I SRR, gy N \ PN ) . A 9 .. .
_ ! N M RITTeR R Tyt oy .
. St Y LY | S . :
Wi b e e\ N TW&[... b P .-
4 ; . Coag e LR S 3 . - - . i . .
. . 1
b in i e ot e b b R e 4 “ e 4 - +
. 1 5 4 ey oy - [ . . } N H .
DR 2N Iy P o . N — . .e . - ‘ I N
! s . R v . .o - - ? [
- - R i ; KB INN . . SN :
-~ e . } . . w - Y
, ; J b . H -
1 . B n—v
B i y R . m ’ B “ . oy - - -3 . i
e —e g 45g RO —— . Yoo vy e - B - — o e e i e e e B e e o
. 5 .- . . * . P
. . ”v. 13 po. . ,. .
RN - “ | s
. - . i
O . ~ v i
1 . : . 3 .
PO 7 b St e ) e e e o e et ——— s o e e z,.\.v,».wm..
. -, . . [ .
T > : IR
< .
. t i : - 4 ) ’
; ) L. . ! . _
r v .. 1 - [ S . i
. e a . e
- v . . B . w.
b e . . U ,on é
[ S .YITQ..W!A - - - . A, b e A, = s, bt
+ i < : Ve PPt ¢
A ' . L
S S
w .
N P
| |
. v -
; .
ot , ‘ T
[ . n..l.vlllﬁlol.lb’. yor amome -
. - )
[ ) ) N ~
I PR .o "~
| .
X g :
vl ' B i
4o ol 2
1. PR,
e - N P *dl'tvt"ovlvol\(c e b o W o
PeT
+
.
~
. f
s Eye




G407

Geotechnical Report

L

SECOND INTERIM REPORT
SOILS INVESTIGATION FOR TOWERNO, 81
AND
GEOLOGIC DESCRIPTICNS FOR TOWER
NOS. 25, 50, 79 and 85

230 KV
San Onofre~Escondido Line
San Diego County, California

for the
San Diego Gas & Electric Company

~ Project No. 71-12-22A
March 11, 1972

BENTON ENGINEERING. INC.

4




TABLE OF CONTENTS

SOILS INVESTIGATION FOR TOWERNO. 81 Page Nos. :
AND GEOLOGIC DESCRIPTIONS FOR &
TOWER NOS. 25, 50, 79 AND 85
: Introduction ¢ o e s s s e s s e e e e e .. 1
Field Investigations . . . . . . . . . . . . . . . 1 oand 2 ..
Laboratory Tests . . . . o « v v v v v 4 4 e . 2
Soil Strata s e s s e e e e e e e e e e 2and 3
Foundation, Tower No. 81 e e e e e e e e e 3and 4 i
GEOLOGICAL CONDITIONS FOR 3
TOWER NOS. 25, 50, 79 AND 85 t
TowerNo. 25 . . . . . . . « . « o o o v .. 5and 6
TowerNo. 50 . . . . . . . . . . . . . . .. 6 ’ o
Tower No. 79 e e e e e e e e e e e e e e 6 and 7 4
Tower No. 85 e e e e e e e e e e e e e e 7 and 8
DRAWINGS Drawing No. 3
Vertical Supporting Capacitiesof ., . . . . . . . . . . A &
Driven Piles o
Summary Sheet, Tower No. 81 ., ., . . . . . . . . . 35, 36 and 37 ?
APPENDICES E
Unified Soil Classification Chart . . . . . . . . . . A

Sampling e e e e e e e e e e e e e e B

BENTON ENGINEERING, INC.



71-12-22A

BENTON ENGINEERING, INC.
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SOILS INVESTIGATION FORTOWER NO, 81
AND ,
GEOLOGIC DESCRIPTIONS FOR TOWER
NOS, 25, 50, 79 and 85

Introduction : L

This is to present the results of a soils investigation and a geological invéstigaﬂon con-

e A,

ducted at certain tower sites for the proposed San Diego Gas & Electric Company Transmission
Line from the San Onofre Power Plant to the Escondid§ Operating Center in San Diego County,
Califomia. More specifically, this completes the investigation for the Escondido-Rainbow
portion of the Transmission Line.

This investigation included field boring and laboratory testing of the subsoils underlying
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the site of Tower No. 81 which is located in the channel area of San Luis Rey River. Two driven

X e

pile design curves have been calculated for the design of the tower foundation support in that the 9
x

fluctuating water level makes this the best type of foundation support in alluvial sand deposits é
in the river bottom. %
Also included in this report are the geologic descriptions of the sites of Tower Nos. 25, «;:

50, 79 and 85. This report serves as a supplement to our first interim report dated February 9,
1972, under Project No. 71-12-22A, entitled "Interim Report, Soils Investigation, 230 KV,
San Onofre-Escondido Line, San Diego County, Califomia." |

Field Investigation

One boring was drilled with a truck-mounted rotary bucket-type drill rig at a location
10 feet north of the proposed Tower No. 81 centerline. The boring was drilled to a depth of

47 .0 feet below the existing ground surface. A continuous log‘of the soils encountered in the
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boring was l;ecorded at the time of drilling and is shown in detail on Drawing Nos. 35 to 37,
inclusive, each entitled " Summary Sheet."

The soils were visually classified by field identification procedures in accordance with
the Unified Soil Classification Chart. A simplified description of this classification system is
presented in the attached Appendix A at the end of this report.

Undisturbed samples were obtained at frequent intervals, where possible, in the soils
ahead of the drilling. The drop weight used for driving l'he_sunipllng tube into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.
The general procedures used in field sampling are described under " Sampling® in Appendix B.

Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to deter~
mine the dry density, moisture content, and shearing strength except for samples too rocky to
test. The shearing strengths of the soils above water table were sheared under their existing
overburden pressures, and for those below water, sheared under saturated and undrained condi-
tions and under normal loads allowing for submerged densities below the water level. The
results of these tests are presented on Drawing Nos. 35 to 37, inclusive.

The general procedures used for the laborafory tests are described briefly in Appendix B.
Soil Strata |

Loose and slightly silty fine to medium sand soils with lenses and layers of fine sand were
underlain at the depth of 3.0 feet by a loose fine sand to the depth of 4.8 feet. Between 4.7
and 13.0 feet was a loose fine to coarse sand which merged to a gravelly fine to coarse sand
between 13.0 and 19.0 feet. Approximately 20 to 25 percent gravel was encountered between
the depths of 13.0 and 16.0 feet and approximately 30 to 35 percent gravel and cobbles to 5
inches in diameter were encountered between 16.0 and 19.0 feet. Below 19.0 feet, a 6.0 feet

thickness of medium compact fine to coarse sand with approximately 2 inch layers of fine sand

BENTON ENGINEERING, INC.
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and occasional gravel was underlain at the depth of 25.0 feet by a medium compact gravelly
fine to coarse sand to the end of boring at 47.0 feet. The gravelly fine to coarse sand layer
contained approximately 15 to 20 percent gravel and cobbles to 10 inches in diameter between
25.0 feet and 29.5 feet and increased to 20 to 30 percent gravel, and coBbles between 29.5
feet and 41.5 feet. Thin layers of fine sand up to 0.5 foot in thickness were also found below
a depth of 34,0 feet and to the end of the boring.

Ground water was encountered below a depth of 8.5 feet below existing ground surface
on March 1, 1972, It should be noted that the rainfall Fo_r January and February, 1972 was the
lowest ever recorded locally at only 0.17 inch for these two months.

Foundation, Tower No. 81

The best probable type of foundation to be used in the Tower No. 81 site would be driven
piles. Two pile design curves for 12 inch by 12 inch concrete piles and 12 inch steel H-piles are
presented on the attached Drawing No. A. The pile design curves shown are based on calculations
using the minimum shear strength of the soils in contact with the éerimerer areas of the piles,
divided by a factor of safety of 2.0 to determine the safe allowable supporting capacities of

single pile. It is assumed that both H-pile and concrete piles have the same perimeter areas.

Therefore the curves are applicable to both types of pile. If smaller perimeter piles are used,

then the supporting capacities would be reduced in direct proportion to the ratios of the shortest
oulside perimeters. Due to the presence of cobbles to 10 inches below 25 feet in depth it will
be easier to drive "non-displacement" "H" type steel piles than any displacement type piles.

The upper pile design curve presented on the attached Drawing -No. A, entitled .
"Vertical Supporting Capacities of Driven Piles," presents the safe allowable downward load
supporting capacities fér existing ground water conditions. The Iow_er design curve presents the
safe allowable downward load supporting capacities for an water level at the ground water surface.

It is recommended that the potential maximum elevation of the water should also be taken into

BENTON ENGINEERING, INC.
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consideration in the design. For example, if the river at this location may have 10 feet of
free flowing water above the ground surface at some time during .rhe life of the tower, then a
dépth of scour of 10 feet should also be assumed. This would subtract 10.6 kips supporting
capacity for the uppér 10 feet of pile, therefore, to compensate for this loss, the length of
pile for the lower design curve for a downward load of 80 kips, should be increased by 1.5
feet.

For uplift forces, it is recommended that only one half the downward allowable load -
capacity be used. .,

Respectfully submitted,

BENTON ENGINEERING, INC,

By/g%——-

S. H. Shu, Civil Engineer *
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GEOLOGIC CONDITIONS FOR TOWER NOS. 25, 50, 79 and 85

A brief description of the geological conditions observed at each site is presented as
follows:

Tower No. 25

On February 4 and 18, 1972 the site of Tower No. 25 Wos inspected to determine the
suitability of using the existing rock outcrops for rock anchor footings. The first visit was made
after the center point had been established and the second visit was made after each of ;heza four
footing points had been established. Leg No. 1 (southwest comer) and Leg No. 4, (southeast
corner) are each founded upon a partly-buried relatively flat solid granodiorite boulder which
measures about 30 feet in an east-west direction by about 15 feet in a north-south direction.
There is a north-south trending joint near the center of the boulder dividing it into unequal
parts, and except for minor surface spalling, the two portions appear to be solid massive boulders
capable of adequately suppoﬁing the proposed tower legs with no additional site preparation other
than drilling and setting onéhor bolts. |

The northeast Leg, No. 3, is located on what is probably a large mostly-buried grano-
diorite boulder of unknown dimensions. Thin surface soil and debris should be removed from the
surface of this boulder to determine if it has lateral dimensions of; six or more feet in diameter and
if so, it may be drilled and tested for use as a rock anchor footing, Unfortunately, this footing
is located down between two ;/ery large boulders exposed on the surface. The boulder on the
westerly side extends vertically up from the ground surface about six feet and in its present -
position will interfer with the bottom angle support ﬂrucfure for this leg, and will need to be
removed prior to tower construction. The large boulders present easterly of the tower leg will
probably not need to be removed unless they interfer with construction equipment,

The northwest Leg, No. 2, Is in a location free of large surface boulders. Colluvium
and rock debris cover the surface. [t is possible that removal of surface debris may expose a
large boulder which could be used for a rock anchor footing.

BENTON ENGINEERING, INC,

b e g s S R e T s e e A, e
i o T TR M T Bl G B il R e R

AL

Doy Fiy ot

s Sasent ol S
Bt el L e




71=12-22A

TR R R TR SO TR T
i ¥ TR

SN
i

o

In the case of footings for both Legs 2 and 3, if large enough boulders are encountered %

to be used for rock anchor footings, these should be inspected to insure that no joints or cracks *
exist which would effectively reduce the mass of rock acting together to properly support and to f
serve as adequate anchorage for each leg.
Tower No. 50 , %

On January 4, 1972, the site of Tower No. 50 was inspected and it was determined at

that time that a rotary bucket drilling rig could be moved in on existing roads with no difficulty.

During a brief surface geological inspection, the site was found to be underlain by topsoils and
colluvium with occasional outcrops of three to five feet diameter granodiorite boulders. Subse-
quently, the boring drilled at Tower No. 50, disclosed one foot of colluvium, followed by
weathered granodiorite from 1.0 to 6.5 feet where the drill r.ig met practical refusal (drilling
progress slowed to less than one foot per hour). [f a rotary auger type drill rig capable of exert-
ing hydraulic down pressure is not able to penetrate the dense very compact weathered grano~
diorite the required depth for concrete pier footings, a rock anchor testing program may be
initiated to determine the suitability of this material for rock cnchor.Footings.

Tower No. 79

On January 5, 1972, the site of Tower No. 79 was viewed with binoculars from Pala
Road, Highway 76, at a position about one mile to the north-northwest. The approximately
located site is on o 28° westerly facing rugged slope with many 10 feet and more diameter boulders

on the surface. Access is by foot only with no trails, and it was therefore concluded that a binoc-
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ular look would be the most economical means of site investigation at this point in planning. The

B
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site appears to be located in an area of dark gray to black outcrop boulders about half way up the

mountain slope. On the State Geologic Map (Santa Ana sheet, 1965) these outcrops are identi-

fied as Upper Jurassic marine. Similarly identified rocks crop out at Tower No. 115, which was

BENTON ENGINEERING, INC.
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visited on January 6, 1972, The outcrop at Tower No. 115 is a classic example of a metasedi-
mentary gneiss with well developed foliation. The Upper Jurassic marine at Tower No. 79 is
most likely similar to that found at Tower No. 115,
We anticipate that rock onchor foundations may be possible at Tower No. 79 if large
partially buried boulders are present under the footing legs. This situation would be similar to
that encountered at Tower No. 25 were individual tower legs were staked prior to a final

inspection and decision as to the type of footing to be used.

Tower No. 85

On January 7, 1972, the site of Tower No. 85 was viewed with binoculars from a
private dirt road in the SE 1/4, 20/T9S, R2W, SBBM, at a position about one half mile north-
northwest. The site is located on the crest of an easterly sloping ridge which is covered with a
thick mat of brush and occasional rock outcrops. Accaess is by foot only with no trails, and it
was therefore concluded that a binocular look would be the most economical means of investiga-
tion at this point in planning. The site is Iocal'ed in an area of dark gray to black outcrop boulders
which on the State Geologic Map (Santa Ana sheet, 1965) are identified as Mesozoic basic intru-
sive rocks. Similarly identified rocks crop out at Tower No. 82 which was visited on January 7,
1972. The outcrop at Tower No. 82 is a gabbro, and the boring at Tower No. 82 disclosed very
dense massive gabbro boulders up to 2.5 feet in diameter floating in a silty clay matrix. Drilling
was stopped at 3.5 feet due to the size and number of boulders. The Mesozoic intrusive rocks at
Tower No. 85 are most likely similar to those found at Tower No:. 82,

We anticipate that drilling auger holes for concrete pier footings may be extremely diffi-
cult due to the presence of hard dense floating gabbro boulders at Tower Nos. 82 and 85. Perhaps

this type of footings may be attempted first, if it is usual to make an attempt, but with the.
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probability that spread or mat type footing would be more feasible to construct by dozing out
a footing below the ground surface.

Respectfully submitted,

BENTON ENGINEERING, INC.

By (). J ZHnV—
W. J. Elliott, R.G. 1101

Distr: San Diego Gas & Electric Company
(3) Attention: Mr. John Burton
(2) Attention: Mr. C. Hjalmarson

WJE/PHB/ew
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Depth Below Existing Ground Surface and Elevation (Feet)

VERTICAL SUPPORTING CAPACITIES OF DRIVEN PILES
(12" x 12" Concrete Piles and 12" Steel H Piles)
(F.S.=2) |
(Assume Existing Ground Surface Elevation = 325' From Topo. Map)
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San Diegd Gas & Electric Company = 230 KV Line

JOB NAME

O BEPTH/FEET

z >
5 1>.1.
wel B SUMMARY. SHEET 4 oEE| BE | L35
TOWER NO. 81 &€ |25z| &2 | d58
“2 és eLEvaTion_ 325" * gt “2% E% "’ﬁg
' 3 Drilled 10’ North of Centerline o
Light Gray, Slightly Moist,
Loose, with Lenses and SLIGHTLY SILTY
Layers of Fine Sand FINE TO MEDIUM
SAND 0.8 |6.1 |83.0[0.26
Light Gray, Slightly Moist,
Loose FINE SAND
0.8 +5.3 +90.410.52
Light Gray, Slightly Moist,
Loose, Occasional Small
Gravel
FINE TO
Sofurofed COARSE SAND
0.8 [17.20113.8]1.95

O

*

Continued on Drawing No. 36

~ Indicates undisturbed drive sample

~ The elevation shown was estimated from confour map.

U.S.G.S. Map. (Scale: 1" = 2,000 Feet)

PROJECT NO.

71-12-22A

BENTON ENGINEERING, INC.
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San Diego Gas & Electric Company ~ 230 KV Line

JOB NAME

- 5 5'}- A i". W
ool we| R SUMMARY SHEET Cu | xE| 3% | S0
w | 2l 2068 2% 1925 25 | <dg
T |=25| Qis TOWER NO, 81 (Cont.) we labal B8 |whe
E132| 8a 5. | %88l ~4 | »gk
8 < gu | ] E-| =2
13 e -
- bo. Light Gray, Saturated,
14_] q’b Loose, 20 to 25 Percent
‘c o] Gravel
] 0.:'0: - ¢
15— ‘:.:.
]6:@ e GRAVELLY | 1.6 [16.40119.1| 3.05
_ .c‘Q: 30 to 35 Percent Gravel and FINESZ(N)DCOARSE
174 "«%k:] Cobblesto 5 Inches ‘
¢ Y 4
— ]
N
Bk
9] fat
: Gray, Saturoted, Medium
Compact, with 2 Inch Layers
of Fine Sand, Occasional
Gravel : 6.5 |21.0(104.8 2.47
FINE TO
COARSE SAND
:'.{‘-_‘:-' Gray, Saturated, Medium
Compact, 15 to 20 Percent 5.0 |16.3(114.0/3.54
. Gravel and Cobbles to 10
Fod inches, with 2 Inch Layers
o of Fine Sand
e
1 P GRAVELLY
294 @ FINE TO
- . COARSE SAND
304 »- 20 to 30 Percent Gravel
~ L and Cobbles to 10 inches
3]“@ e 3.3 | 9.9125.4| -*
-] .
32 e
33+
34
Continued on Drawing No. 37 * Too rocky to test.
PROJECT NO. DRAWING NO.
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e
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.
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.
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N * Too rocky to test.
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' Geotechnical Report
BENTON ENGINEERING, |
APPLIED SOIL MECHANICS — FOUNDATIO - =
6741 EL CAJON BOULEVARD
‘SAN DIEGO, CALIFORNIA 92115
PHILIP HENKING BENTON D . 583-5654
PRESIDENT - CIVIL ENGINEER MOI'Ch ]7, 1972 E:N M|EEsi° 469.5654

Pioneer Service & Engineering Company
2 North Riverside Plaza

Chicago, Illinois 60606

Attention:  Mr. Stefan Trausch

Gentlemen:

In compliance with Mr. Burton's request, we have added a pile design curve of 8 inches steel
H-pile under full submergence condition for Tower 81 foundation design and also assumes the
existing upper 10 feet of soil either in complete suspension or washed away from the piles.

Please add this drawing, as Drawing B, to our report entitled "Second Interim Report, Soils
Investigation for Tower No. 81 and Geologic Descriptions for Tower Nos. 25, 50,79 and

85, 230 KV San Onofre~Escondido Line, San Diego County, Califonia," under Project
No. 71-12-22A and dated March 11, 1972.

If you have any questions conceming any of the data presented, please contact us.
Very truly yours,
BENTON ENGINEERING, INC.

Philip H. Benl'on, Civil Engineer

Distr: (2) Addressee
(3) San Diego Gas & Electric Company, San Diego
Attention: Mr. John Burton .
(2) San Diego Gas & Electric Company, Chula Vista
Attention: Mr. C, Hjalmarson
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Geotechnical Report

SOILS INVESTIGATION

Proposed Steel Towers
Stations 2840+00 and 2345+76.,29

San Onofre - Escondido Transmission Line
San Diego County, California

For The ,
San Diego Gas & Electric Company

Project No, 73-8-25A
September 20, 1973
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BENTON ENGINEERING, INC.
APPLIED SOIL MECHANICS — FOUNDATIONS

6717 CONVOY COURT
SAN DIEGO, CALIFORNIA 92111

PHILIP HENKING BENTON
PRESIDENT - CIVIL ENGINEER TELEPHONE (714) 565-1955

SOILS INVESTIGATION

Introduction
This is to present the results of a soils investigation conducted at certain proposed
steel tower sites of San Onofre - Bcondido Transmission Line of San Diego Gas & Electric
Company. The proposed steel tower sites will be located at Stations 2840+00 and 2345+76.29
in accordance with the stationing system established by the San Diego Gas & Electric Company.
A previous boring was drilled at Station 2364+26.70 and was included as part of our Project
No. 71-12-22A in our report dated May 5, 1972, This report is reproduced and included as
Appendix C of this report,
The objectives of this investigation were to determine certain physical properties
of the soils so that soil parameters could be presented for designing the steel tower foundations.
In order to accomplish these 6biecﬁves, three borings were drilled as part of both
this and a previous investigation and both undisturbed and loose soil samples were obtained
for laboratory testing.

Field Investigation

Two borings were drilled with a truck-mounted rotary bucket-type drill rig in the
vicinity of the proposed tower locations at Stations 2840+00 and 2345+76.29, Boring 1 was
drilled 50 feet south of Station 2840+00 and Boring 2 was drilled 25 feet south and 20 feet
west of Station 2345+76.23. The borings we}re drilled to depths of 12,5 to 30.0 feet below
the existing ground surface. A continuous log of the soils encountered in the fwo recently
drilled borings was recorded at the tHme of drilling and is shown in detail on Drawing Nos. 1

to 3, inclusive, each entitled "Summary Sheet."
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The soils were visually classified by field identification procedures in accordance
with the Unifled Soil Classification Chart. A simplified description of this classification <
system is presented in the attached Appendix A at the end of this report.

Undisturbed samples were obtained at frequent intervals where possible in the soils
chead of the drilling. The drop weight used for driving the sdmpling tube into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.
The general procedures used in field sampling are described under "Sampling" in Appendix B.

In drilling Boring 1, driller's mud was added below a depth of 2.0 feet in order to
maintain a greater pressure inside the hole than that of outside and thereby prevent the sides
of the boring from caving in. Also, a ripper was used in drilling below a depth of 10,5 feet
at Boring 2 because of the presence of gravel and cobbles in the very firm fine to medium sandy
clay matrix.

Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to
determine the dry density and moisture content. The results of these tests are presented on
Drawing Nes. 1 to 3, inclusive,

In addition to the above laboratory tests, an expansion test was performed on one
sandy clay soils eﬁcountereci to determine its volumetric change characteristics with change
in moisture content. The recorded expansion of the sample is presented as follows:

Percent Expansion
Under Unit Load of

: Depth of 500 Pounds per Square
Boring Sample Sample, Soil Foot from Field Moisture
No. No. in Feet Description to Saturation
2 1 3.0-4.0 Fine to medium sandy clay 0.83

BENTON ENGINEERING, INC.
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Direct shear tests were performed on selected undisturbed samples that were all

saturated prior to testing. The results of these tests are presented below:

Maximum Angle of

Normal Shear Internal Apparent
Load in Load . Friction Cohesion
kips/sq ft kips/sq ft Degrees Ib/sq ft
Boring 1, Sample 1* 0.5 0.78 40* 100
Depth: 6.0 Feet 1.0 1.46
2.0 2,84
Boring 1, Sample 2 0.5 0.68 29 450
Depth: 10.0 Feet 1.0 1.02
2,0 1.57
Boring 1, Sample 3 0.5 1.4 39 400
Depth: 15.0 Feat 1.0 1.20
2,0 2,65
Boring 2, Sample 1 0.5 1.28 35% 430
2.0 3.80
" Boring 2, Sample 2 0.5 2,29 37 1910
Depth: 2.0 Feet 1.0 3.07
2.0 3.82

* = Arbitrarily Reduced.

Unconfined compressioh tests were performed on three éldyey silt soils derived from
clayey siltstone formation in Boring 1 in order to evaluate the cohesive components of the
formation. The results of ~_thé tests are presented below:

Unconfined ‘ Cohesive
Compressive Strenghs

Boring Sample Depth Soil Strengths

No. No. in Feet Description Ib/sq ft Ib/sq ft
1 5 25.0 Clayey siltstone 25,300 - 12,560
T 6 30.0 Clayey siltstone 1,560 780

* - Failed along bedding plane.

BENTON ENGINEERING, iNC.
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DISCUSSION AND RECOMMENDATIONS
Soil Strata |
At Boring 1, a Ioo‘se.g'ravelly fine to‘ooame‘-sdnd was found to a depth of 1.0 foot.
This was underlain by a medium firm gravelly silty finé to medium sand to 2.0 feet, and then

merged to very compact gravelly slightly silty fine to coarse sand to 8.5 feet. Below 8.5 feet,

a clayey silt (or clayey siltstone) was encountered to the'end of boring at 30,0 feat. This

clayey siltstone stratum was medium firm to firm between 8.5 and 13.0 feet of depth and then
merged to very firm to the Iirﬁif of exploration at 30.0 feet,

Cround water was found below a depth of 2.0 feet below existing ground surface and
caving was encountered to a depth of 3.0 feet,

At Boring 2, a fine to medium. sandy clay was found to a depth of 4,0 feet. This
layer was firm to very firm to 2..0 feet and merged to very firm between 2.0 and 4.0 feet.

Below 4.0 feet, a very firm gravel‘ly fine sandy clay was found to a depth of 6,0 feet and then

- merged to very firm fine to medium sandy clay to the end of boring at 12.5 feet where large

boulders prevented deeper exploration,

No ground water was encountered in this boring.

.Recommendations

1. Pile Design Curve = Tower at-,Shation 2840+00

In that the p'mpo‘s'ed tower in Boring 1 area Isdo be-docated In a stream [and in that
ground 'water and caving of solls in the boring occurred, the best probable type of foundation

support for this tower would be to use driven piles. Two design curves for 8 inch steel H piles

‘wére prepared as shown on the attached Drawing No. A. The derived allowable. supporting

~capacities of the pll‘e's'présier“ihd in Drawing No. A weré based on the minimum shearing shearing

strangth of the soils in contact with the perimeter areas of the piles divided by a factor of safety

of 2.0. Curves 1 and 2 were based on the assumption that the upper 2.0 and 8.5 feet, respect-

BENTON ENGINEERING, INC.
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ively, of the existing soils in the area of Boring 1 will be either in complete suspension or
washed away from the piles sometime in the future. For other sizes of steel H piles, the

supporting capacities may be computed by a ratio of the minimum perimeters of the piles

times capacities shown on the drawing. The uplift capacity may be assumed to one half of

“the downward supporting c'c'pacil’y.

2. Soil Parameters for Foundation Design

The recommended‘s}réhgfh parameters of soils for tower design in Boring 2 area are .

‘presented below:

Depth Below i
Existing Angle of Moist Unit
Ground Internal Apparent Weight
Surface Friction Cohesion of Soils -
(Feet) Degrees (Ib/sq ft) - (Ib/cu ft)
0- 4.0 35 430 133
4.0-12.5 - 37 1910 - 144

The upper sandy -élay soils exhibit some volumetric change with change in moisture
content, however, for fouh‘dafions placed at a depth of 4 feet or greater below the lowest

adjacent natural ground surface, the vertical movements are estimated to be minimal .

~ Respectfully submitted,

BENTON ENGINEERIN G, INC.

S.H.S u, Civn Engineer

Distr: San Diego Gas & Electric Company, San Diego
(2) Attention: Mr, E. J. Brancheau
San Diego Gas & Electric Company, Carlsbad
(3) Attention: Mr. Lloyd Wilson,
Plant Construction

SHS/PHB/meg
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VERTICAL SUPPORTING CAPACITIES OF 8 INCH STEEL H PILE
h (Factor of Safety 2)
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Note: (1) Curve 1 assumes that the upper 2.0 feet of existing soils will be
. washed away sometime in the future.

Curve 2 assumes that the upper 8.5 feet of existing soils will be
washed away sometime in the future.

(2) For other size of Steel H Piles, the supporting capocities may be
proportioned with the perimeter of the piles.

(3) Uplift capacity may be assumed to be one half of the downward capacity.
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B Continued on Drawing No. 3
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: O - Indicates Undisturbed Drive Sample
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BENTON ENGINEERING, INC.
APPLIED SOIL MECHANICS — FOUNDATIONS

B840 RUFFIN ROAD
SAN DIEGO, CALIFORNIA 92123

PHILIP HENKING BENTON
PRESIDENT . CIVIL ENGINEER i TELEPHONE (714) 565-1955

APPENDIX A
Unified Soil Classification Chart*

SOIL DESCRIPTION ' GROUP TYPICAL
SYMBOL NAMES

I.  COARSE GRAINED, More than half of
material is larger than No. 200 sieve

size ,**
GRAVELS CLEAN GRAVELS GW Well graded gravels, gravel-sand mixtures,
More than half of little or no fines.
coarse fraction is GP Poorly graded gravels, gravel=sand
larger than No. 4 mixtures, little or no fines.
sieve size but smaller GRAVELS WITH FINES  GM Silty gravels, poorly graded gravel~-
than 3 inches (Appreciable amount sand=~silt mixtures.
of fines) GC Clayey gravels, poorly graded gravel-
sand=clay mixtures.
SANDS CLEAN SANDS SW Well graded sand, gravelly sands, little
More than half of or no fines.
coarse fraction is SP Poorly graded sands, gravelly sands,
smaller than No. 4 , little or no fines.
sieve size SANDS WITH FINES SM Silty sands, poorly graded sand=-silt
(Appreciable amount mixtures.
of fines) SC Clayey sands, poorly graded sand-clay
mixtures.

. FINE GRAINED, More than half of
material is smaller than No. 200
sieve size.**  SILTS AND CLAYS ML Inorganic silts and very fine sands, rock
' flour, sandy silt or clayey=silt=sand
mixtures with slight plasticity.

Liquid Limit CL Inorganic clays of low to medium plas-
Less than 50 ticity, gravelly clays, sandy clays,
silty clays, lean clays.
oL Organic silts and organic silty~-clays of
low plasticity. :
SILTS AND CLAYS MH Inorganic silts, micaceous or diatomaceous
fine sandy or silty soils, elastic silts.
Liquid Limit CH Inorganic clays of high plasflcn'y, fat
Greater than 50 clays.
' OH Organic clays of medium to high
plasticity .
Itl.  HIGHLY ORGANIC SOILS : PT Peat and other highly organic soils.

*

Adopted by the Corps of Engineers and Bureau of Reclamation in Janvary, 1952,
** All sieve sizes on this chart are U. S. Standard.
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APPENDIX B

Sampling

The undisturbed soil samples are obtained by forcing a special sampling tube into the
undisturbed soils at the bottom of the boring, at frequent intervals below the ground surface.
The sampling tube consists of a steel barrel 3.0 inches outside diameter, with a special cutting
tip on one end and a double ball valve on the other, and with a lining of twelve thin brass
rings, each one inch long by 2.42 inches inside diameter. The sampler, connected to a twelve
inch long waste barrel, is either pushed or driven approximately 18 inches into the soil and a
six inch section of the center portion of the sample is taken for laboratory tests, the soil being
still confined in the brass rings, after extraction from the sampler tube. The samples are taken
to the laboratory in close fitting waterproof containers in order to retain the field moisture until
completion of the tests. The driving energy is calculated as the average energy in foot~kips

required to force the sampling tube through one foot of soil at the depth at which the sample is
obtained. .

Shear Tests

The shear tests are run using a direct shear machine of the strain control type in which
‘the rate of deformation is approximately 0.05 inch per minute. The machine is so designed that
the tests are made without removing the samples from the brass liner rings in which they are
secured. Each sample is sheared under a normal load equivalent to the weight of the soil above
the point of sampling. In some instances, samples are sheared under various normal loads in
order to obtain the internal angle of friction and cohesion. Where considered necessary, samples
are saturated and drained before shearing in order to simulate extreme field moisture conditions.

Consolidation Tests

The apparatus used for the consolidation tests is designed to receive one of the one jnch
high rings of soil as it comes from the field. Loads are applied in several increments to the upper
surface of the fest specimen and the resulting deformations are recorded at selected time intervals
for each increment. Generally, each increment of load is maintained on the sample until the rate
of deformation is equal to or less than 1/10000 inch per hour. Porous stones are placed in contact
with the top and bottom of each specimen to permit the ready addition or release. of water,

Expansion Tests

One-inch high samples confined in the brass rings are permitted to air dry at 105° F for
at least 48 hours prior to placing into the expansion apparatus. A unit load of 500 pounds per
square foot is then applied to the upper porous stone in contact with the top of each sample. Water
Is permitted to contact both the top and bottom of each sample through porous stones. Continuous
“observations are made until downward movement stops. The dial reading is recorded and expansion
is recorded until the rate of upward movement is less than 1,/10000 inch per hour. '
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SOILS INVESTIGATION FOR TOWER STATIONS
2364+26.70 AND 2400+63.03

introduction

This is to present the results of a soils investigation conducted at the subject tower sites
for the proposed San Diego Gas & Electric Company Transmission Line from the San Onofre
Power Plant to the Escondido Operating Center in San Diego County, Califorﬁia.

This report serves as a supplement to our previous interim reports dated February 9, 1972,
February 28, 1972, March 11, 1972 and March 17, 1972, all under Project No. 71-12-22A.

The objectives of fEis investigation were to determine the existing subsurface conditions
and physical properties of the soils in order that appropriate soil parameters could be presented
for designing the tower foundation along a portion of the Rainbow-Talega segment of the
Transmission Line.,

In order to accomplish these obiechés, two borings were drilled and undisturbed samples
were obtained, where possible, for laboratory testing.

Field Investigation

Two borings were drilled with a truck-mounted rotary bucket-type drill rig supplemented
by manual excavations at the locations 15 feet northerly of the tower centerline at Station
2364+26.70 and at 15 feet westerly of the tower centerline at Station 2400+63.03. The borings
were drilled with great difficulty due to the presence of large boulders to depths of 7.0 feet to
11.5 feet below the existing ground surface. Upon completion of drilling, our field engineer
was lowered inside the open bc;rings to check the properties of the matrix soils around the

cobbles and boulders encountered.
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A continuous log of the soils encountered in the borings was recorded at the time of
drilling and is shown in detail on Drawing Nos. 38 and 39.

The soils were visually classified by field identification procedures in accordonce with
the Unified Soil Classification Chart. A simplified description of this classification system is
presented in the attached Appendix A at the end of this report,

Undisturbed samples were obtained at frequent intervals, where possible, in the soils
ahead of the drilling. The drop weight Qsed for driving the sampling tube into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.

The general procedures used in field sampling are described under "Sampling® in Appendix B.

Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to dater-
mine the dry density and moisture contents. The results of these tests are presented on Drawing
Nos, 38 and 39. Saturated and drained direct shear tests were also performed on selected undis-
turbed samples in order to de?enﬁine strength parameters of the soils for foundation design. The
shear tests are run using a direct shear machine of the strain control type in which the rate of
deformation is approximately 0.05 inch per minute. The machine is so designed that the tesis
are made without removing the samples from the brass liner rings in which they are sacured.
Samples are sheared under various normal loads in order to obtain the in?elmcl angle of friction
and cohesion.

For samples containing too large gravel to be sheared in regular undisturbed manner, the
matrix portion of the soils was remolded to o density of 110 pounds per cubic foot under field
moisture condition in the brass liner, and the remolded sample was then sheared thres separatae
tires under saturated and drained conditions at three various normal loads. The first point of

the strength envelope was sheared under a small normal load of 0.5 kips per square foot, The

shear specimen was remolded o its original state, saturated, drained, and a higher normal load

BENTON ENGINEERING. INC.
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of 1.0 kips per square foot applied and then sample was again sheared. The sheared sample
was again remolded to its original state, saturated, drained and the sample again sheared under

higher normal loads of 2.0 kips per square foot. The results of the shear tests are tabulated

below:
Shear Resistance
in kips/sq ft Apparent Angle of Internal
Under Normal Cohesion Friction
Sam~ Depth Load of (Ib/sq ft) (Degrees)
- Tower ple in Soil 0.5 1.0 2.0 Recom- Recom-

Sites No. Feet Description (Kips per sq. ft.) Tested mended Tested mended

2364+ 1 1.0 Clayey very 0.47 0.34 0.61 100 100 * 15 15.*
26.70 fine to fine :
sandy gravel

2400+ 1 1.0 Clayey very  0.46 0.54 0.77 350 350 * 12 12 *
63.03 fine to fine
sandy gravel
2 6.5 Clayeyvery  5.35 ** 7.28 4700 350 52 36
fine to fine
sandy gravel _
3 11.0 Clayey sandy  Sample too rocky and too intact to be sheared.
Gravel
Note: * Strength parameters obtained from the test of matrix portion of soils around gravel

and cobbles recovered in the field.
** Sample too rocky and too intact to be sheared.

Soil Strata

At the Station 2364+426.70 Tower site, clayey very fine fo fine sandy gravel was encoun-
tered throughout to the I»imir of exploration at 7.'0 feet. This layer was grayish-brown medium
firm, and contained approximately 50 to 60 percent gravel, cobbles and boulders up to 36 inches
in diameter. The boring was terminated at a depth of 7.0 feet due to slow progress in drilling
through many large boulders.

No ground water was encountered in this boring.

BENTON ENGINEERING, INC.
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At the Station 2400+63.03 Tower site, clayey very fine to fine sandy gravel was encoun-
tered throughout to the limit of exploration at 11.5 feet. This layer was grayish-brown in color
and contained approximately 50 to 60 percent gravel, cobbles and boulders up to 26 inches in

diameter. The upper 1.5 feet of the layer is medium firm and porous and graded to very firm

" below 1.5 feet to the end of boring.

No ground water was encountered in this boring.

Because of the large boulders encountered at both tower sites, which would cause difficult
drilling conditions for deep foundation construction, it may be desirable to consider the use of
conventional spread footings for foundation support. A bearing value of 4500 pounds per square
foot may be used for a 3 feet wide square footing placed at @ minimum depth of 1 foot into the
lowest adjacent undisturbed ground surface. For each additional foot below this depth, an
increase of 900 pounds per square foot may be used up to a maximum bearing value of 8000
pounds per square foot,

Respectfully submitted,

BENTON ENGINEERING, INC.

By%.%/%d

S. H. Shu, Civil Engineer

Philip 4. Benf;m, Civil Eng\;“meer

Distr:  San Diego Gas & Electric Company, San Diego
(3) Attention: Mr. John Burton
San Diego Gas & Electric Company, Chula Vista
(2) Attention: Mr. Lloyd Wilson

SHS/PHB/ew
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Geotechnical Report
BENTON ENGINEERING, INC. :L

APPLIED SOIL MECHANICS — FOUNDATIONS

6741 EL CAJON BOULEVARD
SAN DIEGO, CALIFORNIA 92115

PHILIP HENKING BENTON SAN DiIEGO: 583-5654
PRESIDENT - CiVIL ENGINEER MOY 5, ]972 LA MESA: 469-5654

San Diego Gas & Electric Company
P. O. Box 1831
San Diego, Califomia 92112

Attention: Mr. John Burton

£ 1¢F

Gentlemen: w* ek (87

This is to transmit to you three copies of our report of Projecf No. 71-12-22A entitled, "Third
Interim Report, Soils Investigation For Tower Stations, 2364+26.70 And 2400+63.03, 230 KV
San Onofre - Escondido Line, San Diego County, California," dated May 5, 1972,

We are transmitting under separate cover two copies to San Diego Gas & Electric Company,
Chula Vista office, Attention: Mr. Lloyd Wilson.

If you should hove any questions concerning any of the data presented in this report, please
contact us. '

Very truly yours,

BENTON ENGINEERING, INC.

% L O

Philip H. Bénton, Civil Engineer
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BENTON ENGINEERING, INC.
APPLIED SOIL MECHANICS — FOUNDATIONS

6741 EL CAJON BOULEVARD
SAN DIEGO, CALIFORNIA 92115

PHILIP HENKING BENTON SAN DIEGO: 583-5654
PRESIDENT - CIVIL ENGINEER LA MEsa: 469-5654

SOILS INVESTIGATION FOR TOWER STATIONS
2364+26,70 AND 2400+63.03

Introduction

This is to present the results of a soils investigation conducted at the subject tower sites
for the proposed San Diego Gas & Electric Company Transmission Line from the San Onofre
Power Plant to the Escondido Operating Center in San Diego County, Califomia.

This report serves as a supplement to our previous interim reports dated February 9, 1972,
February 28, 1972, March H,Z 1972 and March 17, 1972, all under Project No. 71-12-22A.

The objectives of this investigation were to determine thé existing subsurface conditions

and physical properties of the soils in order that appropriate soil parameters could be presented

~ for designing the tower foundation along a portion of the Rainbow-Talega segment of the

Transmission Line.,
In order to accomplish these objectives, two borings were drilled and undisturbed samples
were obtained, where possible, for laboratory testing.

Field Investigation

Two borings were drilled with a truck-mounted rotary bucket-type drill rig supplemented
by manual excavations at the locations 15 feet northerly of the tower centerline at Station
2364+26.70 and at 15 feet westerly o.f the tower centerline af Station 2400+63.03. The borings
were drilled with great difficuiry due to the presence of large boulders to depths of 7.0 feet to

11.5 feet below the existing ground surface. Upon completion of drilling, our field engineer
was lowered inside the open borings to check the properties of the matrix soils around the

cobbles and boulders encountered.
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A continuous log of the soils encountered in the borings was recorded at the time of
drilling and is shown in detail on Drawing Nos. 38 and 39.

The soils were visually classified by field identification procedures in accordance with

the Unified Soil Classification Chart. A simplified description of this classification system is
presented in the attached Appendix A at the end of this report.

Undisturbed samples were obtained at frequent intervals, where possible, in the soils
ahead of. the drilling. The drop weight used for driving the sampling tube into the soils was
the "Kelly" bar of the drill rig which weighs 1623 pounds, and the average drop was 12 inches.
The general procedures used in field sampling are described under " Sampling" in Appendix B.

Laboratory Tests

Laboratory tests were performed on all undisturbed samples of the soils in order to deter-
mine the dry density and moisture contents. The results of these tests are presented on Drawing
Nos. 38 and 39. Saturated and drained direct shear tests were also performed on selected undis-
turbed samples in order to determine strength parameters of the soils for foundation design. The
shear tests are run using a direct shear machine of the strain control type in which the rate of
deformation is approximately 0.05 inch per minute. The machine is so designed that the tests
are made without removing the samples from the brass liner rings in which they are secured.
Samples are sheared under various normal loads in order to obtain the intemal angle of friction
and cohesion.

For samples containing too large gravel to be sheared in regular undisturbed manner, the
matrix portion of the soils was remolded to a density of 110 pounds per cubic foot under field
moisture condition in the brass liner, and the remolded sample was then sheared three separate
times under saturated and drained conditions at three various normal loads. The first point c;f

the strength envelope was sheared under a small normal load of 0.5 kips per square foot. The

shear specimen was remolded to its original state, saturated, drained, and a higher normal load

BENTON ENGINEERING, INC.
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of 1.0 kips per square foot applied and then sample was again sheared. The sheared sample

was again remolded to ifs original state, saturated, drained and the sample again sheared under 7
higher normal loads of 2.0 kips per square foot. The results of the shear tests are tabulated ‘
below: _
Shear Resistance
in kips/sq ft Apparent Angle of Intemal
Under Normal Cohesion Friction
Sam- Depth Load of (Ib/sq ft) (Degrees) .
Tower ple in Soil 0.5 1.0 2.0 Recom- Recom-

Sites No. Feet Description (Kips per sq. ft.) Tested mended Tested mended

2364+ 1 1.0 Clayey very 0.47 0.34 0.61 100 100 * 15 15+
26.70 fine to fine
sandy gravel

2400+ 1 1.0 Clayey very 0.46 0.54 0.77 350 350 * 12 12 *
63.03 fine to fine
sandy gravel :
2 6.5 Clayey very 5.35 ** 7,28 4700 350 52 36
fine to fine
sandy gravel
3 11.0 Clayey sandy  Sample too rocky and too intact to be sheared.
Gravel.

Note: * Strength parameters obtained from the test of matrix portion of soils around gravel

and cobbles recovered in the field.
** Sample too rocky and too intact to be sheared.

Soil Strata

At the Station 2364+26.70 Tower site, clayey very fine to fine sandy gravel was encoun-
tered throughout to the limit of exploration at 7.0 feet. This layer was grayish-brown medium
firm, and contained approximately 50 to 60 percent gravel, cobbles and boulders up to 36 inches
in diameter. The boring was terminated at a depth of 7.0 feet due to slow progress in drilling
through many large boulders.

No ground water was encountered in this boring.

BENTON ENGINEERING, INC.
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At the Station 2400+63.03 Tower site, clayey very fine to fine sandy gravel was encoun-
tered throughout to the limit of exploration at 11.5 feet. This layer was grayish-brown in color
and contained approximately 50 to 60 percent gravel, cobbles and boulders up to 26 inches in
diameter. The upper 1.5 feet of the layer is medium firm and porous and graded to very firm
below 1.5 feet to the end of boring.

No ground water was encountered in this boring.

Because of the large boulders encountered at both rowér sites, which would cause difficult
drilling conditions for deep foundation construction, it may be desirable to consider the use of
conventional spread footings for foundation support. A bearing value of 4500 pounds per square
foot may be used for a 3 feet wide square footing placed at a minimum depth of 1 foot into the
lowest adjacent undisturbed ground surface. For each additional foot below this depth, an
increase of 900 pounds per square foot may be used up to a maximum bearing value of 8000
pounds per square foot.

Respectfully submitted,

BENTON ENGINEERING, INC.

By%-/%/%‘\_d

S. H. Shu, Civil Engineer

Reviewed ijﬂaé//) ﬂ?/( (}1)477:;/ )

Philip H. Benton, Civil Engineer

Distr:  San Diego Gas & Electric Company, San Diego
(3) Attention: Mr. John Burton
San Diego Gas & Electric Company, Chula Vista
(2) Attention: Mr. Lloyd Wilson

SHS/PHB/ew

BENTON ENGINEERING. INC.



San Diego Gas & Electric Co., 230 KV Line

JOB NAME

71-12-22A

BENTON ENGINEERING, INC.

4
[ o oo ® e w
Bluel & SUMMARY SHEET A T o
“ | g4l 268 z9 | 825] 25 | <<d
AEH R STATION 2364+26.70 5% | 2ozl o9 | $R2
oo 0 714
& w2 8‘” . - 2... gaﬁ ;m mw&
('): é 15' North of Tower Centerline g c- x ¥
- -.—--‘—-’: ‘ ' | Gray-brown, Slightly Meist,

1 @ o3 %  Medium Firm, Some Medium 9.7 16.3 (12&0,

] . _a_ and Coarse Grains, 50 to 60 1
2 |1 P Percent Gravel, Cobbles and

1 o et
3 —t—r\ Light Brown CLAYEY VERY

B i a—a] 20 Inch Boulder FINE TO FINE
4 e e SANDY

] t—c-::f‘ 36 Inch Boulder GRAVEL
54 e
6 (o

7] PERT T .‘i 24 Inch Boulder
7: ;i_r 20 Inch Boulder

] * Too rocky and disturbed. The figure in the parenthesis was the

_ unit weight of the rock portion only.

- Note: Boring was terminated due to very slow progress in removing large,

~ oversized boulders by hand.

PROJECT NO. PIAWING NO.
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San Diego Gas & Electric Co., 230 KV Line

JOB NAME

8| usl &2 SUMMARY SHEET S5 | oZE| 2% | o3t
“ija o - L | gE2| w w
A STATION 2400+63.03 ax |2z 82 | gog
w | °2 @ 2e | "Ee| z8 | “ug
8 é 15' West of Tower Centerline 3 a
_ o] Gray-brown, Dry, Medium .
]—@W Firm, Some Medium to 9.7 | 7.4 1108.9
B CRR I Coarse Grains, 50 to 60 Pereerjt
2] A_"EEI Gravel, Cobbles ond Boulders
| »_»_al\\ to 26 Inch, Porous to 1.5Feet
3— s—o—o|| 20 Inch Boulder
- v Light Brown, Slightly Moist,
- s y Firm
_ “w 26 Inch Boulder
o CLAYEY VERY
FINE TO FINE
SANDY
20 lnch %U'del’ ' GRAVEL 65.0 7.6 ]36.8
25 Inch Boulder
26 Inch Boulder 42.5)7.3 ]18-,4 |
'_ Note:  Boring was teminated due to very slow progress in removing large,
- oversized boulders by hand.
-
-
—
-
DRAWING NO.
PR%IIEE.{ZN-%ZA BENTON ENGINEERING, INC, 39
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T. FUNNEKOTTER ENGINEERING GEOLOGY 0 TIONS

j.
g . REGISTERED GEOLOGIST . . . . - For .
;- CERTIFIED ENGINEERING GEOLOGIST S : - Subdivision Design
; P. O. BOX 575 - ESCONDIDO, CALIF. 92025 ’ . - o ) Pipelines - Roads
b 746-2793 . , : Seismic Rippability Studies
| : .

San Diego Gas & Electrlc Co. ‘ - June 28,1976

§ : P.0.Box 1831
Z - 8an Diego,Calif. 92112
Attn: J.C. Burton Civil Englneer

Dear Sir,

Enclosed is the Subsurface Investlgatlon Report of the 69 KV
Undergrounding PrOJect in Escondldo. The primary excavatlon
 problem that.I see is the boulder situation - very few areas
exhibit near surface rock structures, a at. least along'theflines
1nvest1gated. ngh veloc1ty massive rock was located on many lines
. but appears to_be mostly near a depth of 20 feet. A'few exceptions

exist as noted.

iVery truly yours,
/5;; M/W%%

“Ted Funnekotter




N 1

" T. FUNNEKOTTER L ENGINEERING GEOLOGY - GEOPHYSICAL INVESTIGATIONS
REGISTERED GEOLOGIST .. - - - . o _ : S : For
CERTIFIED ENGINEERING GEOLOGIST - B Subdivision Design .
- Pipelines - Roads

P. O. BOX 575 - ESCONDIDO, CALIF. 92025 ~

746-2793 Seismic Rippability Studies

. SUBSURFACE INVESTIGATION |

o 6@\ KV UNDERGROUNDING® PROJECT
~ ESCONDIDO, CALIFORNIA
'SAN DIEGO GAS & ELECTRIC CO.

JUNE 28,1976




T. FUNNEKOTTER
- REGISTERED GEOLOGIST .

CERTIFIED
P. O. BOX 575

~ PURPOSE:

ENGINEERING GEOLOGIST

- ESCONDIDO, CALIF. 92025

746-2793

 METHOD:

DISCUSSION:

For
Subdivision Design
Pipelines - Roads

Seismic Rippability Studies

_‘ENGINEERING GEQI.OGY | s lGEOPHYS_ICAL INVESTIGATIONS -

" - To evaluate subsurface conditions along fourteéen

select areas for a 69_KV Undergrounding project

“in order to determine what excavation problems
‘'may be expected. | |

"Geologic reconnaissance. Refraction Seismography. -

The areas 1nvest1gated are composed of two basic

' materials, l.€4, granite (GR) and metamorphlc (M)

‘materials and their decomposed and fractured products,

The metamorphic rock is‘principally-argillite, schist,l
and-quartzite. These two major classifications are
used to identify the materials on each line - either
GR or M or combination of both, | | |

Fourteen Seismic traverses were run - " these are

100 to 150 feet long - their approx1mate locatlons

are shown on the enclosed maps.

Two to three velocity 1ayers were 1ocated, i. e.,

' soil and alluv1um, decomposed and fractured materlal,

and the high velocity material. These;layersvfall

"within the following velocity ranges: 1100 - 2000

ft/sec, 2600 - hOOO'ft/sec,'and 7000 - 9000 ft/sec.
For reference each location is noted'from the"begin—
ning station number of that'run, i.e., line'96.is
the run from station 96 to 97, etc. The following

are the more pertinent_resuits of each run:



T. FUNNEKOTTER
REGISTERED GEOLOGIST
" CERTIFIED ENGINEERING GEOLOGIST
P. O. BOX 575 - ESCONDIDO, CALIF. 92025
' 746-2793

DISCUSSION:

ENGINEERING GEOLOGY .~ GEOPHYSICAL INVESTIGATIONS
R . i - C For .
Subdivision Design
Pipelines - Roads
Seismic Rippability Studies

Llnes 96 and 101 - soil layer’ 3 to 5 feet - middle

zone veloclty 2600 to 3000 ft/sec - many boulders

and large as noted.,

Lines 107 and 112450 - soil 1ayer 3 to 9 feetue -

intermediate zone velocity 3800 to 4000 ft/sec -
note high velocity material rising oh'line'112¥50.
Lines 12h+50 and 129+50 - approx1mately 3 feet 3011 -

'2700 to 3000 ft/sec 1ntermed1ate zone ve1001ty.

_»Llnes 1h3+50 145+50, ‘and 151+50 - 3 to 5 feet of

a soil - middle zone velocity 3100 to 3500 ft/sec -

no hlgh veloc1ty materlal encountered. Probably

>fractured rock and boulders near hill.

- Line 162+70 - soil 5 feet - maximum ve1001ty is

3500 ft/sec to 15 feet.
Llne 166 - soil w1th boulders 3 to h feet thick -

~many large boulders in 3400 ft/sec materlal.'

- Line 168+501-'soil 3 feet thick - ma#imum velocity

of 3000 ft/sec to 21 feet.

o Llne 171+5O - thlck 5011 and alluv1um to 9 feet -

* CONCLUSTION:

.3600 ft/sec materlal to 20 feet.

Llne 17h+20 - thick alluvium and soil 8 to 12 feet -

high velocity granite at 8 to 12 feet deep.

The main problem areas, mainly because of the pre—

sence, size and quantity of-boulders/blocks are



T. FUNNEKOTTER
REGISTERED. GEOLOGIST

CERTIFIED
P. O. BOX 575

- CONCLUSION:

ENGINEERING GEOLOGIST
- ESCONDIDO, CALIF. 92025
746 2793

ENGINEERING GEOLOGY - = ‘ GEOPHYSICAL INVESTIGATIONS
- : - ) S For
) -Subdivision Design
Pipelines - Roads .
Seismic Rippability -Studies

‘lines 96 and 101 and that immediate area, “lines

1h5+50 and 151+50 and between, and llnes 166 and

168+50 and v101n1ty. Boulders and ‘broken rock are

espe01ally pronounced in the area of stations 166

to 169. ngh velocity structures were encountered

on most lines, however they appear to be below the
prOposed cut depth. The most notable exception may

be the rising trend of the high ve1001ty layer near .

-statlon 175+70. The soil and alluvium layer appears

~ to aVerage about 3 to 4 feet thick - at several sites

it-is about 8 feet thlck. The intermediate zone layer

is mostly in the 3000 to 3500 ft/sec range. This

’1ntermed1ate layer w1ll be penetrated in most cases

. by the excavation.

 See appendix for additional Seismic - rippability

information. _ ‘ ‘ L

2.
74 4irs
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"Submitted by S T. Funnekotter
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RIPPABILITY -SCHEDULE

The follow1ng schedules should apply. for the L f:
‘type of materlal encountered in this report ' ;

Based.on a D-9.Cat_

Velocity (ft/sec) -Exeavation Method-
0 to 2000° . ~ Scraper |
2000 to 5000 - -Ripper -
5000 to 5500 - © Marginal 3
Over 5500 Drlll & Shoot '
L_Mmé
For trenchlng, based on a Kohring 505 %A{LﬁJ&OE?
vVelocity’(ft/sec) . Excavation Method
0 to 3800 o Ripper |
3800 to 4300 ' Marginal

Over 4300 - . _ _ Drlll & Shoot
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CERTIFIED E_NGINEE_R!NG ‘GEOLOGIST

 P.O.BOX 575 -

. For
Subdivision Design
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T. FUNNEKOTTER S ENGINEERING GEOLOGY : - G>EOPHYSI'CAVL INVESTIGATIONS

ESCONDIDO, CALIF. 92025
746-2793 C

SEISMIC - RIPPABILITY INFORMATION

. The follbwing'points,should be considered when evaluating,Seismic
information:_ S : o :

1.

hae)

All velocities, depths, and thicknesses are averages and quafified
as follows: - . . . o T -
G - good h : '

F - fair-

P - poor

VP - very poor

? - guestionable , A S
Grades of G,F, and P should be considered reliable; VP and ? should
be considered as indications only, . ’ : B

Bach profile provides information in.the immediate area of that
profile - extrapolation outward from this line mist be considered
speculative. In other words a velocity cross section is given along
a specific line of investigation - 10 tc 20 feet from this line the

conditions could vary. In order to avoid any surprises between the

Seismic lines additional Seismic lines would be in order.

As the velocity of material increases, ripping becomes progressively
more difficult until at some” point it is more economical to drill

and shoot the material orior to excavation. Rippability also varies
with the type of material; however, in general, D-9 Cat single ripper
performance should be as follows: rippable to 5000 ft/sec,'marginal
from 5000 to 5500 ft/sec, and non-rippable over 5500 ft/sec. The

changeover from a ripping to a blasting’operationvusuallyioccurs

within the marginal zone.

To determine rippability is essentially an economic decision -
whether to continue ripoing at higher velocities or to blast at
lower velocities depends on the type of Jjob, type of equioment,
expertise of the operators, amount of excavation, how the rock is
to be disposed of,'time'factor, etc. For example, in fractured rock
a trench tyve of operation is more difficult than a hillside Jjob,
especially if boulders are present., In a trench~manuverability of
the heavy equipment is limited and rock disposal is a bigger problem.

- The degree of fracturing is a factor in.determining rippability,
i.e., more fracturing, lowerfvelocities, easier ripping. The same
velocity could represent either decomposed or fractured rock. '

Boulders are identified a _scattered boulders (5B), many boulders.

(1i8), and large boulders (LB). These notations can also mean hard
angular blocks. Large boulders are considered to be over 10 feet

- in diameter and even possibly to 30 feet in diameter.
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1EISKIC - RIPPABILITY INFOREATION

For trenching Operations, the ripoability figsures must be adjusted
downward, i.e., velocities as low as 3500 ft/sec may indicate
difficult ripping depending on the degree of fracturing of the
rock. Fractured rock and even small boulders can be very trouble-
Sonle in a narrow trerich. For example, decomposed granite is easier

~to dig than fractured granite even when the velocities are similar.

However, in general, based on 2 machine comparable to a Kohring

205, most materials with velocities of approximately 3800 ft/sec or

less should be rippable, over 4300 ft/sec non-rippable, and marginal
in between, In a narrow trench a condition. of many boulders can be

almost as troublesome &s solid rock so the above figures should be

used with discretion, L - ' o '
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BENTON ENGINEERING, INC.\_ _____

APPLIED SOIL MECHANICS — FOUNDATIONS

B840 RUFFIN ROAD
SAN DIEGO, CALIFORNIA 92123

PRESIDENT - CIVIL ENGINEER TELEPHONE (714) 565-1985

PHILIP HENKING BENTON March ]2, 1979

San Diego Gas & Electric Company |
P. O. Box 1831 =
San Diego, California 92112

Affenﬁon: Mr. Craig Riker

Subject: Project No. 71-12-22A .
Suggested Values of Modules of Horizontal Subgrade Reaction

For Tower No. 115 Design
230 KV San Onofre - Escondido Line
San Diego County, California .

Gentlemen: = - . ' JR

- This is to present, pursuant to your request, our suggested modules of horizontal subgrade
reaction values at proposed Tower No. 115 location for the subject project.

Upon evaluation of soil conditions encountered in the boring drilled at the tower site, it
is our opinion that the following values are considered appropriate for the soil conditions

encountered:
Suggested Values

Depth Below of Modulus of
Existing Ground ‘ Horizontal Subgrade
Surface, Feet Soil Description Reaction, Tons/Ft
0to 3.0 Silty fine sand, loose,porous 10
and micaceous, colluvium
deposit
3.0t0 8.0 Silty fine sand, medium firm 45

to very firm with thin foliation,
weathered Gneiss

If you have questions concerning any of the data presented above, please contact us.
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Respectfully submitted,

BENTON ENGINEERING, INC.

By % /&//%4___» Reviewed by
S. H. Shu, Civil Engineer ilip H. Bénton, Civil Enginee
RCE No. 19913 RCE No. 10332

Distribution: (3) Addressee






