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FIRST INTERIM REPORT ON
ILS | | I

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 Mission Substation
to the Escondido Operating Center in San Diego County, Califomia.

The objectives of the investigation were to determine the existing subsurface conditions
and physical propertes of the subsoils so that representative soil parameters could be recommended
for the design of the proposed tower foundations. Also, the findings and the log of soil and r;nck
conditions are to serve as a guide in determining the best probable type foundation to be used.

In oddition to borings drilled for this report, refraction seismograph lines were run at
Tower 151 since the test boring could be drilled no closer than 110 feet horizontally and 35
feet lower in elevation than the ground surface ot the site. The velocity of the hammer in=
duced shock waves are 'presented. Vertical supporting capacities for single 8 Inch steel "H"
piles for Tower 93, with assumptions of full submergence and 3 feet of scour, were prepared.

These are shown on Drawing No. 21, entitled "Vertical Supporting Pile Capacity, Tower 93."
In order to accomplish the objectives of this interim report, sixteen borings were drilled

at the tower sites as authorized, undisturbed samples were obtained, where possible, and

laboratory tests were performed on these iunplas.

Field Investigation

Sixteen 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
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described individually on Drawing Nos. 1 to 20, inclusive, each entitled "Summary Sheet."
The borings were drilled to depths of 3.0 to 31.0 feet below the existing ground surface. A
continuous log of the solls encountered in the borings was recorded at the time of drilling and
Is also shown in detail on the Summary Sheets. Several borings were stopped due to rock.

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 welght used for driving the sampling tube into the milis was the
"Kelly" bar of the drill rig which weighs 1670 pounds, and the avercge 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 20, inclusive. Direct shear tests were performed on representative samples in order to
determine the angle of intemal friction and apparent cohesion of the soils. The samples were
allowed to saturate and drain prior to being tested. The general procedures used for the labor-
atory tests are described briefly In Appendix B. The results of these tests are presented on the

"Table of Shear Test Results" which are presented on pages 10 and 11.

DISCUSSION AND RECOMMENDATIONS

1. Soil Strata
Tam;r 43
A loose gravelly clayey fine to medium sand with approximately 30 percent gravel and
cobbles to 6 Inches in diamoter was underlain at the depth of 1.8 feet by a firm gravelly fine to

medium sandy clay with approximately 30 to 40 percent gravel and cobbles to 5 inches in diameter

BENTON ENGINEERIMNG, INC,
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to the depth of 4.0 feet. Below 4.0 feet was a very fim clayey fine to medium sand with
occaslonal gravel to 3 Inches in diameter to the depth of 5.5 feet, that then merged to clayey
fine to medium sandy gravel to the depth of 26.5 feet. The sandy gravel layer contained 50 to
60 percent gravel and cobbles to 9 inches in diometer between the depths of 5.5 feet and 13.0
feet and 15 to 20 percent gravel and cobbles to 12 inches between the depths of 13,0 feet and
26.5 feet. A very firm slightly silty fine to medium sand wos encountered between the depths of
368 badk cndd 300 Fuat: Oceorlonal sones hod 1o be:sacovaled by Hiond i crder 1o remove | ae
cobbles below a depth of 13.0 feet.

No ground water was encountered in this boring.

Tower 53

A loose gravelly silty fine to medium sand with approximately 40 percent gravel and
cobbles to 6 inches in diameter was underlain at the depth of 1.0 foot by a firm gravelly fine to
medium sandy clay with approximately 40 percent gravel to 3 inches to the depth of 1.8 feet.
Below 1.8 feet was a very firm clayey fine to medium sandy gravel contalning 50 to 60 percent
gravel and cobbles to 6 inches in diameter to the end of the boring at 28.0 feet.

No ground water was encountered in this boring.

Tower 81

A locse gravelly clayey fine to medium sand with approximately 30 percent rock fragments
up to 3 inches in diameter was underlain by a very firm and highly fractured Santiago Peak Meta-
volcanic rock to the end of the boring at 6.5 feet where no progress In drilling was being achleved.
Only identification samples between the depths of 3.0 feet and 3.5 feet were taken from the
boring.

No ground water was encountered in this boring.

BENTON ENGINEERING. IMC.
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Tower 82

A loose, clayey fine to medium sand was underlain at 0.8 foot by a firm fine to medium
sandy clay to the depth of 1.8 feet. Below the depth of 1.8 feet, a very firm clayey fine to
coarse sand derived from decomposed quartz diorite was encountered to the depth of 3.5 faet
and then merged to very firm residual soils of slightly clayey fine to coarse sand to the end of
boring at 6.5 feet. The rock became less weathered w_fth depth below 3.5 feet.

MNo ground water was encountered in this boring.

Tower 92

A loose gravelly silty fine to medium sand with approximately 40 to 50 percent gravel
and cobbles up to 5 inches in diameter was underlain at the depth of 1.0 foot by a very firm
grovelly clayey fine to medium sand with approximately 40 to 50 percent gravel and cobbles to
6 inches to a depth of 6.0 feet. This was underlain by gravelly slightly silty fine to rnedh.ltm sand
between 6,0 and 11,0 feet, then by a 6.0 feet thickness of very firm and slightly silty fine to
medium sand with slight clay binder and by very firm gravelly slightly silty fine to medium sand with
approximately 40 to 50 percent gravel and cobbles to 6 Inches in diameter between the depths of
17.0 feet and 20,0 feet. Below a depth of 20.0 feet were altemating layers of very firm slightly
clayey fine to medium sand and very firm claystone of 1.5 feet to 5.2 feet in thicknesses to the
end of the boring at 31 .0 feet.

No ground water was encountered in this boring.

Tower 93

A loose clayey fine to medium sand with scattered gravel to 3 inches in dlameter was
underlain at a depth of 8,0 feet by a medium firm fine to medium sandy clay to 10.0 feet. Below

10.0 feet were intermittent layers of clayey fine sand and fine sandy clay to a depth of 20.0 feet,

_ with a lens of fine to medium’sand between 18.5 and 19.0 feet. A compact fine to medium sandy

gravel with 50 to 60 percent gravel and cobbles to 6 inches in diameter was encountered between

BENTOM ENGINEERING, INC.
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the depths of 20.0 feet and the bottom of the borlng at 22,0 faet. No progress in drilling was
made below a depth of 22,0 feet due fo large amounts of gravel and cobbles.

Water was encountered below a depth of 12.5 feet, and caving was encountered below
a depth of 20.0 feet, _

A pile design curve, for 8 inch square Steel "H" piles, wos prepared for the foundation
support of this tower. The vertical supporting capacity includes a factor of safely of 2 with
assumptions of a full submergence and 3 feet of scour below existing ground surface. This .dﬂign
curve for downward loads in kips per single pile is shown on the attached Drawing No. 21,
entitled "Vertical Supporting Pile Capacity, Tower 93." It may be assumed that end bearing
below the depth of 22,0 feet could take up higher vertical downward supporting copacity if
desired. For uplift, one-half of the vertical downward load allowed fo 22.0 feet may be used.
Battered piles welded for fixity at the pile cap are recommended for higher uplift resistances,
if needed.

Tower 103

A loose and gravelly very fine sandy silt with approximately 30 percent rock fragments

b inches in diameter was underlain by a very firm and fractured metavolcanic rock to a depth

of 3 feet where the boring was terminated because of the interconnected structure of the rock.

No ground water was encountered in this boring.

Tower 114

A firm silty clay with layers of varying percentages of fractured metavolcanic rock
fragments was encountered to 5.0 feet in depth. This merged into a very firm fine sandy clay
matrix imbedded in increasingly larger rock fragments to 8.5 feet where the boring was stopped
due to more massive fractured rocks. This formation compares favorably with the fractured rock
exposed in an abandoned rock quarry approximately 1000 feet east.

No ground water wos encountered in this boring.

BEMTOMN EMGINEERING, INC.
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Tower 125
A 1.5 feet thickness of loose silt with angular rock fragments to 10. inches in size
was underlain by a firm silty clay containing occasional rock fragments up to 2 inches in
diameter to the depth of 2.0 feet. A very firm silty very fine to fine sand of the residual soils
of metavolcanic rock with fragments up to 4 inches was encountered between the depths of
2,0 feet and the bottom of the boring at 8.5 Feef. The boring was terminated because of
practical refusal due to the tightness of the interconnected rock fragments.
Mo ground water was encountered in this boring.
Tower 130
A 1.5 feet thickness of loose silty fine sand with rock fragments up to 10 incﬁﬂ was
underlain by a firm silty clay. containing rock fragments up to 4 inches in diometer to the depth
of 2.0 feet. A very firm silty very fine to fine sand of the residual soils of the metavolcanic
rock with fragments up to 14 inches was encountered between the depths of 2,0 feet and the
bottom of the boring at 6.0 Feat.I The rock Is less weathered with depth. The boring was termin-
ated due to practical refusal on the reck.

Neo ground water was encountered in this boring.

Tower 131 _

A loose silty fine to medium sand was underlain at the depth of 1.0 foot by a firm silty
clay to the depth of 4.5 feat that waos underlain by a very firm silty very fine sand derived from
metavoleanic rock to the end of boring at 14,0 feet. With depth, the rock grades to more intact
and less weathering. The boring was ended due to proctical refusal on the rock.

No ground water was encountered in this boring.
Tower 140
A loose siity fine sand with cobbles and boulders to 16 inches in diometer was under=
lain at the depth of 2.5 feet by a very firm silty fine sand containing mcklfmgmenh that
increased in size with-dgpﬁa. The silty fine sand was a residual soll of metavolcanic rocks

kY
II
BENTON ENGINEERING, INC.
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weathered In place. No undisturbed sample was obtainable from this boring. No progress in
drilling was being achieved due to rock below a depth of 7.0 feet and the boring was terminated

at that depth.
No ground water was encountered in this boring.

Tower 151
A loose silty fine to medium sand was underlain at the depth of 2.5 feet by a very fim

slightly silty fine to medium sand derived from the in-place decomposed metavolcanlic rock to the

end of boring at 7.5 feet. No progress in drilling was being achleved below that depth because

of rock.
No ground water was encountered in this boring.

Tower 153
A loose silty very fine to fine sand was underlain at the depth of 2.5 feet by a very fim

silty very fine to fine sand derlved from the in-place decomposed metavelcanic rock to the end

of the boring at 4.5 feet. No progress in drilling was being achieved due to rock below that

depth.

72-2-27A

No ground water was encountered in this boring.

Tower 159 _
A loose silty fine sand fopsoil was underlain by loose silty fine to medium sand between

1.0 and 3.0 feet. A very firm and slightly silty fine to coarse sand derived from the in-place
decomposed granite was found between 3.0 and 19.5 feet, where practical refusal occurred.
No ground water was encountered in this boring.

Tower 163
A loose silty fine to medium sand was encountered to the depth of 10.5 feet. The upper

3.0 feet of the silty fine to medium sand layer was porous and graded to slightly porous with clay

binder between the depths of 3.0 and 10.5 feet with opproximately 3 inches of gravel up to 2

BENTOMN ENGINEERING. INC.
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inches in diameter at a depth of 8.5 feet. Between the depths of 10.5 feet and 11.7 feet was
a loose clayey fine to medium sand that was underlain by a very firm and slightly silty fine to
coarse sand derived from the in-place decomiposed granite to the end of boring at 26,0 feet.
No progress in drilling was being made below that depth due to either the soundness of
formation or a granite boulder ot the bottom of the boring.
No ground water was encountered In this boring.

2. Soll Parameters

In plotting the direct shear test data, the peck values of all hasfed specimens were used.
The test angle of internal friction and apparent cohesion values were determined from the average
of the possible combinations of two or three tested peak values if the three tested spaciﬁﬁu dld
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 analyzed, and the
recommended values for the angle of internal friction and cohesion presented in the "Table of
Shear Test Resulks" have been reduced on the basis of the analyses, judgement and comparing the
data of similar materials with similar densities, water contents and driving energies. Some of
these factors, but not ulll 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
10.and 11 and the unit welghts of the solls can be found from the Summary Sheets, Drawing
Nos. 1 to 20, Inclusive, at the end of this report.

3. Driven Piles, Tower 93

The "Vertical Supporting Pile Capacity for Tower 93," for 8 inch Steel *H" piles is

presented on the attached Drawing No. 21.

4, Seismic Refraction, Tower 151

The seismic refraction results for Tower 151 by Mr. T. Funnekotter are presented in

Appendix C at the end of this report. The decomposed granite with a shock wave velocity of

BENTON ENGINEERING, INC.
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3600 feet per second that has boulders inbedded in it at this location will make drilling
very difficult if not impractical.

5. Metavolcanic Rock Conditions

Rock anchors may be considered for tower foundation support at locations where the
metavolcanic rocks are encountered at relatively shallow depths, such as at Towers 103, 114,
125, 130, etc. in that it Is understood considerable savings resulted by using these in similar rock
on the Encina-Penasquitos 230/138 KV Line where the pullout capacities were successfully verified
by your test program In 1968.
Respectfully submitted,

BENTON ENGINEERING, INC.

by L L e

S. H. Shu, Civil Engineer

Reviewed by P 0

Philip H. Benton, Civil Engineer

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

SHS/PHB/ew

BENTON EMGINEERING, INC.
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Tower
MNo.

81
82

92

92

92

93

923

23

93

103

Sam~
ple
No.

Depth

in
Feet

14.0

30.0

4,0

14.0

22.0

26.0

4.0
9.0

12.0

16.0

=10~

TABLE OF SHEAR TEST. RESULTS

Shear Resistance

in kips/sq ft
Under Nomal
Load of
0.5 1.0 2.0
Soil Description (Kips per sq ft) |
Clayey fine to 0.81 0.59 1.55
medium sandy
gravel
Slightly silty 0.39 0.69 1.21
fine to medium
sand
NO SAMPLE
NO SAMPLE
Clayey fine 1.83 3.99 2.55
to coarse
sand, gronite
decomposed
in place
Gravelly and 1.02 1.58 2,98
slightly silty
fine to
medium sand
Slightly clayey 1.05 1.67 2.09
fine to medium
sand
Slightly clayey 1.83 2.24 3.80
fine to medium
sand
Claystone 0.93 1.83 2,05
Clayey fine to 0.48 0.44 0.96
medium sand
Fine to medium 1.42 1.22 1.52
sandy clay ;
Merging layers 0.88 1.11 1.20
of clayey fine
sand and fine
sandy clay
Merging layers 1.09 1.09 1.83
of clayey fine
sand and fine
sandy clay

NO SAMPLE

BENTON ENGINEERING, INC.

Apparent
Cohesion

(Ib/sq ft)

Tested Recom-
mended

Range

100-570 100

920-160 - 125

1580-3500 1580

650 650

700-1230 700

1200-1420 1200

800-1620 800

0-330 0

920-1750 920

650- 780 700

330-830 560

Angle of Intemal
Friction

(Degrees)

Test
Range
26.0-44.0

28,0-31.0

26.0-78.0

48,0-52.5

35.0

39.0
12,0-36.0
18.0-30.0

4.0-17.0

12,0-24.0

27.0-37.0

Recom-
mended

35.0

30.0

26.0

12,0

24.0
17.0

18.0

&)
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TABLE OF SHEAR TEST RESULTS

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 0.5 1.0 2.0 Tested Recom- Tested Recom-
No. No., Feet Soil Description (Kips per sq ft) Range mended Ronge mended
114 NO GOOD SAMPLES COULD BE OBTAINED
FOR TESTING, ALL ROCKS
125 NO GOOD SAMPLES COULD BE OBTAINED
FOR TESTING, ALL ROCKS
130 NO SAMPLE
131 1 4.0 Silty clay, firm 0.47 0.78 1.78 150 150 32.0-46.0 - 32.0
131 2 9.0  Silty very fine 2.49 3.94 7.50 1450-1990 1450 63.0-75.0 43.0
sand _
140 NO SAMPLE
151 i 4,0 Slightly silty 1.88 3.42 3,80 370-3050 1680 21.0-72.0 21,0
fine to medium
sand from
decomposed

volcanic rock
153 1 4.0  Silty very fine 2.42 4,69 3.212170-4150 2170 28.0-78.,0 28.0
to fine sand,
decomposed
voleanic rock
in place
159 ] 4.0 Slighty silty 95 3.34 5,06 580-1620 1500 60.0-70,0 43.0
fine to coarse
sand, decom-
posed granite
in place
159 2 9.0 Slightly silty 7.50 7.50 7.50 7500 4000 - 42.0
fine to coarse
sand, granite
decomposed

in place
163 I 4.0 Silty fine to 0.51. 0.33 0.81 0-420 O 12.0-26.0 19.0
medium sand,
alluyium: -
163 2 9.0 Silty fine to 0.65 0.60 2.33 0-80 0 31,0-49.0 31.0
medijum sand,
alluvium _
163 5 21.0 Slightly silty 6.07 7.50 7.50 4670-5600 4000 44.0-70.0 43.0
fine to coarse :
sand, granite

decomposed

in place

BENTON ENGINEERING, INC.
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JOB NAME

: z . > =, :
5 5 : 5
B luc| Ea SUMMARY SHEET gk | 25| 3% | .25
n ] au] Jdgo 29 | 52| 52 | <20
E E% qus TOWER wo.__ 43 ] tux ng g%g
>2 | wg&|.
o ¥ %m &' Southwest of Tower Centerline %E =F| §- | =¥
0 —5- I
il - Brown, Dry, Loose, 30 Percent GRAVELLY
CLAYEY FINE TO
_ Gravel and Cobbles to
1 & lhche. Tanksil MEDIUM
il ncnes, |opsol SAND
2 s~ Brown, Moist, Firm, 30 to 40 GRAVELLY
— Percent Gravel and Cobbles to | FINE TO MEDIUM
3+ * 5 Inches SANDY
- CLAY
4 e — -
] ——— Light Gray-brown, Slightly CLAYEY FINE TO
% | ————1 Moist, Very Firm, Occasional | MEDIUM SAND
i) + Gravel, Highly Cemented
1 Light Gray-brown, Slightly
Moist, Very Firm, 50 to 60
Percent Gravel and Cobbles
to @ Inches
CLAYEY FINETO
MEDIUM SANDY
GRAVEL
*—1 9 Inch Layer with 15 to 20
Percent Gravel and Cobbles 17.5111.1!104 .4
to 12 Inches
Brown

Continved on Drawing MNo. 2

' O - Indicates Undisturbed Drive Sample

D = Indicates Loose Bag Sample

PROJECT NO.

72=2-27A
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JOB NAME

C~ DEPTH/FEET

_.
|

o
i

1

®
]

]

?’

24 _

2 > > .
5 % j "
we| Ea SUMMARY SHEET gl | EE| 35 | 25
2| 298 zg aE> a2 S=8
H KL TOWER No.__43 (Cont.) be Lozl 88 | 4od
a2 gﬂ %; e EE wg
u ¥
—v—w-| Brown, Slightly Molst, Very
5| Firm, 50 to 60 Percent Gravel
-a-| and Cobbles to 12 Inches
CLAYEY FINETO
MEDIUM SANDY
GRAVEL
v~ w1 Light Gray
yLight Gray, Moist, Very
B SLIGHTLY
SILTY FINE TO
MEDIUM
SAND
©) 12.5 | 10.6[108.8

PROJECT NO.

72-2-27 A
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JOB NAME

= >
" E 3 Sy W E:: O
g |ug :55 SUMMARY SHEET EE 555 ¥ EE“
AEHES TOWER No.__53 £= |28%| o 352
T @ 2= ] g
S 3 4' Wast of Tower Centerline gt | =¥ B4 | ==
ﬂ: 3 Brown, Dry, Loose, 40 Percent |GRAVELLY SILTY
1 Gravel and Cobbles to 6 Inches, | FINE TO MEDIUM
§ ~thodi\ Topsoil SAND
2] wellisslld Red-brown, Moist, Firm, GRAVELLY FINE
R -8l 40 Percent Gravel TO MEDIUM
3] 6 SANDY CLAY
- ¥ Light Gray-brown, Moist,
4— %1 Very Firm, 50 to 60 Percent
_ # -8 | Gravel and Cobbles o
:a -1 & Inches
3 .
6—
b il
84
1
¥ o
_ P CLAYEY FINE
10- T - TO MEDIUM
] e SAMNDY
GRAVEL
114
—
124
13
14
154
16—
172
18—
19 *
-
20 _
B Continued on Drawing No. 4
ol
PROJECT NO. DRAWING NO.
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JOB NAME

z >
- 5 o 5 dze| u
wlusl %3 SUMMARY SHEET - E‘% oEE| 3% | 28
w =13 o
AEHEL TOWER no.__53 (Cont.) ug |25%| 8¢ | 2ue
&%z %o oo | 2o B8 [ E
20— —
ol 4 Light Gray-brown, Moist,
21— -{ Very Firm, 50 to 60 Percent
| s Gravel and Cobbles to
23]
— CLAYEY
24— TR FINE TC MEDIUM
) e SANDY
25_ ] GRAVEL
26 [
27 | v
] R
-
—
PROJECT NO. DRAWING NO.
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'SthG;&tEo

JOB NAME

= > > .
=] " Q : - 3
b luel Ea SUMMARY SHEET gL | 2Bl 3% [ 2°
: 38| 3a8 TOWER no.__81 it | 25%| 82 | &k
£ 33| %52 5k eI
al * %m 4' South of Tower Centerline EE *| o | ¥
0 e
- 'g.*j-" Brown, Dry, Loose, 30 Percent GRAVELLY FINE
%5 Rock Frogments, Topsoll © TOMEDIUMSAND
. Light Brewn, Dry, Very Flrm
2 = s
| HIGHLY
g FRACTURED
- VOLCANIC
RCCK
4
5
é -
y A
: TOWERNO. 82
- 4' North of Tower Centerline
v ] | Brown, Dry, Loose, Topsoil CLAYEY FINETO
1 B MEDIUM SAND
, | P SANDY CLAY
1 Light Brown, Slightly Moist, CLAYEY FINE TO
3:' ————{ \ery Firm, Granite, COARSE SAND
| _ F==- Decomposed In Place (Merges)
4 1Q)E==H Light Brown, Slightly Moist, 38.2(5.8 |131.3
——— Very Firm, Granite, SLIGHTLY
N S e Decomposed In Place, Less CLAYEY FINE
9 == Weathered With Depth TO COARSE
4 B SAND |
6 — TR -
7
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ndido

San Diego Gas & Electric Company = 230 KV Line, Mission Substati

JOB MAME

= E El- [T t'_, O
4 |uel G2 SUMMARY SHEET S | =5 3% | 2%
e '-"2§ zg | S2>| &3 | &%
E gg 3%} TOWER nwno.__92 ot wos of :E%
Lo w
a = 5“ 4' Southof Tower Centerline %'E . EE =%
0— -
-4 %] Dork Brown, Slightly Moist, |GRAVELLY SILTY
1-] Loose, 40 to 50 Percent Gravel|FINE TO MEDIUM
ey wlale pobiag ho NENgs SANQ J‘
2]  [kSe-el Light Brown, Slightly Moist,
— 5w -w| Very Firm 40 to 50 Percent
3 5 —a]| Gravel and Cobbles to GRAVELLY
i ] SADEDE CLAYEY FINE
4— *y Moist TO MEDIUM
il SAND
5 T
- '
] :
- Light Brown, Moist, Very
7 4 Firm, 40 to 50 Percent
- Gravel and Cobbles to
;i 6 Inches with Slight Clay GRAVELLY
A ] Binder SLIGHTLY SILTY
o R FINE TO MEDIUM
e SAND
. NN
10 E’q.\*iﬁ":_:
1 RN
N+ RRE :
= \‘\\’*\} Light Brown, Moist, Very
12 - Firm, with Slight Clay
- ' Binder
134 :
- N SLIGHTLY SILTY
14__@ FINE TO MEDIUM| 22.1|7.5 107.6
] : SAND
15 ] \
N
16 _ x
17 F:\R:
- A \?\:3.: Light Brown, Moist, Very
18 - Ay Firm, 40 to 50 Percent GRAVELLY
_ O Gravel and Cobbles to 6 SLIGHTLY SILTY
19 RNORY Inches, with Slight Clay FINE TO MEDIUM
Dy Bfnder SAND
4 BN
20- PR
- Continued on Drawing No. 7
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Electric Company, 230 KV: Line, Mission Substation, Escondido

D

S

JOB NAME

=z >
o d = .
B |we| Ea SUMMARY SHEET 2t | wgl BE | 8K
z |32 gas TOWER no._92 (Cont.) b¥ |BBg| &% | gha
5|32 25 £ | =23 8 | vgt
o < d i ar | =
20 ——
- - - -1 Light Groy=-brown, Meist, SLIGHTLY
21 -1 Very Firm CLAYEY FINE TQO
i iy == MEDIUM
22-@"‘L:' SAND 15.3]23.0/105.9
_ Green, Moist, Very Firm
23 _| CLAYSTONE
24| =] Brown, Moist, Very Firm SLIGHTLY
4 B CLAYEY
251 s FINE TO MEDIUM
B SRR SAND
o -
2é_® Green, Moist, Very Firm 16.71'10.81120.1
2?:|
28 — CLAYSTONE
29 ]
30 _
- o : .
31 1® 19.6} 22.0/105.4
-
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San Diego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

g = d F w
E - Oy w L g -
blusl 53 SUMMARY SHEET E% EEE g2 ‘:'E%:
AEHED TOWER No._93 o% [2BZ| 8% |2be
£ |33 %5 e |3 o4 | 55
o g 4' West of Tower Centerline Eu o~ X
0 —E
- ——- Dark Gray=brown, Moist,
) ———— Loose, Occasional Gravel
e J9! NS e
34
4:® S CLAYEY FINE | 1.7 |13.4 |84.8
et TO MEDIUM
5 | s SAND
==
1 B
8| s
D Mediom fim ™ M| FINE O MEDIUM 3.4 [15.1108.7
7 e SANDY CLAY
— Gray=brown, Moist, Soft
114 .
12—@3“":; CLAYEY FINE (0.8 |25.2]100.5
— ron e SAND AND FINE
13- === Saturated SANDY CLAY IN
4 = ALTERNATING |
14] e MERGING LAYERS
] B AND LENSES
157 e
1G) e 3.8 | 22.4104.5
Iﬁ"® -,
74 ==
L R s
194 ===+ 4 Inch Lens of Fine to
_ "- Medium Sand
20 .
: Continued on Drawing No. ¢
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San Diego Gos & Electric Company, 230 KV Line, Mission Substation, E

JOB NAME

z >
- = 7] 4 g w
AFHRE SUMMARY SHEET £k | o 85| 5t | 20
: | 2| jeg TOWER wo._ 103 HEH R ES:
“gBl 2 | unl
- %m 3' West of Tower Centerline gh | **| 83| s
3 ¢ (=1
2AA Brown, Slightly Molist, Loose, GRAVELLY
30 Percent Rock Fragments to VERY FINE
& Inches SANDY SILT
Gray, Dry, Very Firm, FRACTURED
Slightly Weathered VOLCANIC ROCK
;
——
|
1
PROJECT NO. e
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San Diego Geas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

- >
o o J e w
E ws| 52 SUMMARY SHEET E% EEE %E Eg'ﬁ
T |35 %%z TOWER NO. 114 we |B2E) 52 |20
E “ %H i ét =* E-‘ EE
0 3 5' West of Tower Centerline a
- Red-brown, Slightly Molst,
|_I Firm, Large Amount of
Interbedded Layers of
2 1) Highly Fractured Rock 16.2 |119,4108.2
-1 - Fragments to 1 Inch
Gray=brown, Majst, ? Inch
IR Layer with Few Rock. .
Q) R\ Frogments 45.3|3.8 (158.0/*
4 3 SILTY CLAY
s SN Light Brown, Slightly Molst,
" ===\ Rock Fragments to 3 Inches
4 ~ === Light Gray=brown, Slightly .
?_®'.| ux Molst, Very Firm, Slightly 43.3 6.8 |141.4
_ : Cemented, with Interbedded
8- = Layers of Highly Fractured FINE SANDY
i ===t Rock Fragments to 3 to 4 CLAY
9 “_Inches
- * Density of rock fragments of metavolcanic origin
-
PROJECT NO. DRAWING NO.
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San Dilego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

i ; 5 re |
i T = -
8 lue| Eu SUMMARY SHEET gl | _gE| 3% | o2
w | Fu d&ﬁ . =g | 92, | &3 12g
T gg Rz TOWER wo._ 125 e | Yem a% Egﬁ
a . 5 (TH e £
a “ ?m 4' South of Tower Centerline Et £x 5~ ¥
u 1+
Dark Brown, Slightly Moist,
Loose, Topsoll, Rock SILT
Frogments te 10 Inches
| Gray-brown, Meist, Firm,
| Occasional Rock Fragment SILTY CLAY
to 2 Inches
Light Brown, Slightly Molst,
Very Firm, with some Un-
weathered Framents to
4 Inches
SILTY VERY FINE
TO FINE SAND
(VOLCANIC :
ROCK 66.0 | 5.4 (147.0
WEATHERED IN
Less Weathered with PLACE)
Increcsing Depth
PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Co., 23C KV Line, Mission Substation, Escondide

JOB NAME

- B & mr
- H P
B laisl: Ea SUMMARY SHEET €b | | g& | 3¢
| gul 239 2¢ |925| 23 | 52
T |=2| gcs TOWER w~o.___130 us |2kz| 83 %53
£ 32| "85 5y | “8%| z8 | “Bf
o 3 4" North of Tower Centerline g ar | RS
AR :
& \}Q Brewn, Slightly Moist,
i \:\\,‘ e Tl Roak SILTY FINE SAND
— O Fragmants ta 10 Inches
B Red-brewn, Melst, Firm, SILTY CLAY
| Rock Frogments to 4 Inches
_ Light Brown, Slightly Moist, | ci1 Ty VERY FINE
| Very Firm, with Unweathered TO FINE SAND
N Dork Gray Fragments to (VOLCANIC ROCH
| 14 Inches WEATHERED IN
= 5 X ‘PLACE)
1 ]
_
—
PROJECT NO. DRAWING NO.
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Sgn_l:ﬁggg Gas & Electric Company , 230 KV Line, Mission Substation, Escondido

JOB NAME

£ >
e . w
§ue| E. SUMMARY SHEET et | wel BE| 9t
£ |28 288 z2 | 32>| &3 | 354
z §§ 35% TOWER No-_131 _ w¥ Eég 5%‘ %ﬁ-
w el ] =
nn g 3' North of Tower Centerline g™ "l & e
9, MED IUM SAND
— R T o Bmwn, h‘"ﬂilrr Fir‘m
2
3 | SILTY CLAY
Jl LR
4 _@ ey Light Brown 6.8 |20,1191.3
5 Light Brown, Moist, Very
= Firm
6 _
? -
8 -
i SILTY VERY FINE
o 1k SAND 58.3(11.2 |129.4
N X (VOLCANIC
i ROCK
10 Less Weathered with WEATHERED IN
1 i Increasing Depth PLACE)
12 -
13 -
14 - \\{\m_ j
PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JoB NAME

5 >
2 o g F w
8| ue| &2 SUMMARY SHEET SE | 85| 3% [ <35
z §§ EEE TOWER nNo._]40 ﬁg g%g 8¢ ‘EE%
. oy
L Q“ 37' SW From Tower Centerline 2E | == E% g
0 5 and 5.5' Above Tower Centerline e
Q Brown, Slightly Moist, Loose,
Topsoil, Fractured Cobbles
and Boulders to 16 Inches SSEE:DFIHE
Light Brown, Slightly Moist,
Very Firm, Highly Weathered
4 J Matrix with Increasing In SILTY FINE
O Ny Size of Rock Frogments. - SAND 57.1 = -
With Depth (VOLCANIC
ROCK
WEATHERED IN
PLACE)
:|| * Sample not retained
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San Diego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

5 > > .

= =] 2 u = i
8 lug| =2 SUMMARY SHEET I L
|32 522 TOWER wo.__151 s |25%| 82 | 58
e|%2]| 8% 110" From Tower Centerline 2r R Eg ""Eg
ﬂn é and 35' Below Tower Centerline a

4 KXY Brown, Slightly Moist,
1 X Loose, Topsoil SILTY FINE TO

- MEDIUM
5] SAND
q— : : Light Gray=brown, Dry to

B P Slightly Moist, Very Firm SLIGHTLY
4_® NS SILTY FINE 30.6(3.7 1126.8

B S TO MEDIUM
- SAND
6 AN

] : (DECOMPOSED
7 VOLCANIC

| S\'a.\ ROCK)
8

2 e

PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

o E E|.- wyl BF O
W wel &2 SUMMARY SHEET ge | ozE| 3% | 2%
o 259 22 3:';,., 23 | <2
e Eg ez TOWER wo._ 153 we EEE nE ?E%
& 7 S >3 | wgk
o % 5m 3' Southeost of Tower Centerline EE £x g~ =%
0 =

— Brown, Dry, Loose, Topsoil
1 _ SILTY VERY

_ FINE TO FINE
- SAND
3+ PO Light Gray=brown, Dry, SILTY VERY

- Ny Very Firm FINE TO FINE
4_@T~,<r SAND 76.5]4.1 [136.1

] &. (DECOMPOSED
5 \ VOLCANIC /

_ ROCK)

1

-y
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72-2-27A BENTON ENGINEERING, INC. 17




San Diego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

4 > 5 .
o i . w
8 |ug| &2 SUMMARY SHEET 5E | &5 §§ ezt
|22 gig TOWER wo.__159 i Bz E; $b2
a W > = > -
a g gw 3! Southeast of Tower Centarline EE 2x g z¥
u %]
_ & Brown, Slightly Moist, SILTY FINE
1 Loose, Topsoil SAND
] MEDIUM
3_ SAND
- Brown, Moist, Very Firm
4_®‘ 34.0( 7.2 136.1
5_.
n Gray
&
7
8_
*L.@ SLIGHTLY 61.2| 3.5 |147.8
o SILTY FINE TO
10 — COARSE
4 .k SAND
11 4 :
10 6.0 - | - | -
12 _
13|
(GRANITE
R DECOMPOSED
i IN PLACE)
15 -
16 _
17
18 —
19 —
20 _|

* Sample not retained

NOTE: Boring was stopped because of practical refusal in gronite formation.
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San Diego Gas & Electric Company = 230 KV Line, Mission Substation, Escondide

JOB NAME

b 2 MMARY SHEET 2 eg| 26| g
: 28] 238 o 27 [357| 25 | 55g
; gg 855 TOWER No.__ 143 ‘s.*f soz :E EE%E
sl *| 2 3.5' Northwest of Tower Centerline | E& | =*| &% | &2
c (5]
2 @ Brown, Slightly Melst,
14 BN Porous, Topsoil
s} Q oy Moist
3
= Light Brown, with Clay 0.8 |5.3 |93.5
A Binder, Slightly Porous ’
5_
o
K SILTY FINE TO
MEDIUM
SAND
(ALLUVIUM)
; .6 102.0
3 Inch Layer with 1.7 | 5.6 102
Occasional Gravel to
2 Inches at B.5 Feat
© Light Brown, Very Moist, CLAYEY FINE TO
Loose MEDIUM SAND s5.5T20.4
Brown, Moist, Very Firm 15,3 9.5 {120,
SLIGHTLY SILTY 87.4|5.0 [138.4
Occasional Gray Streaks FINE TO COARSE y
SAND
(GRANITE
DECOMPOSED
IN PLACE)
76.513.9 1136.4
Continued on Drawing No. 20 \
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San Diego Gas & Electric Company - 230 KV Line  Mission Substation, Escondido

JOB NAME

z > > .
= =] (L] wel e W
@ e T
E - :'Eé SUMMARY SHEET E; 355 E% EE
= | 23| 3is TOWER NO. 163 (Cont.) s% |2B%| 82 | ug
L |lwz P —— zt g“ %3 #;
o 9 [ =]
21 =
) :
22 FINE TO COARSE
] SAND
23
24 \
25 1 RN (GRANITE
_ 3 DECOMPOSED -
Eﬁa@‘ IN PLACE) | B7.4] 14.3] *

** Too rocky to take density test.

NOTE: Boring stopped on granite formation or boulder that could not be

penetrated.
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VERTICAL SUPPCRTING PILE CAPACITY, TOWER 93
Supporting Capacity of Single Pile in Kips (F.5. =2.0)

5 10 15 20 25 30

Oy R WS l

L Tl | FE
EEREN) 1 AN 1]
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g
-
i
Y D A R R W R
Lt iy il B e
M i -
h Yl 1L o I R

1041

Tt

HE .
i} B, L ..—]
-E L 1111
™ 1T ; 1]
5 1 N = 8" x 8" Steel "H" Pile
it 15 NC TLIT
) 1] = 2 I ) R 1]
= | 1] A _.*H L = REE
=
o E X I
Q -1 S b B 1
i HE L -
2 o ] 1 o 1 O O ]
@ "; 2 'i,_,“ H
Iﬁ -~ M IS 5 L {. L L
| =<t '.\.q\' -
{.?; L ~+ EELBE S
G TS
=<} 4] L T L
= L
e e o
L. 254+ -
A ; -+ T
1 F T u
1 i B
B B 1] Ll
. i }
30 : :
i I
i Lt
4 . S 1 ]
- - - < | e

8" x 8" DRIVEN STEEL "H" PILE

Assumed Full Submergence Uplift Limit to 50 Percent of
Vertical Load to 22 Feet. _
Use Battered Piles if More Uplift Required.
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ENGINEERING GEOLOGY
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May L4, 1972
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T. FUNNEKOTTER ENGINEERING GEOLOGY GEOPHYSICAL INVESTIGATIONS

REGISTERED GEOLOGIST For
CERTIFIED ENGIMNEERING GEOLOGIST Subdivision Design
P. O. BOX 575 - ESCONDIDO, CALIF. 92025 Pipelines - Roods
. 7446-2793 Seismic Rippobility Studies
2
Purpose: To evaluate subsurface conditions at selected pole

and 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: This report includes 1 tower site in the Harmony
Grove area, three sites in the San Onofre area, and
53 sites in the area from Mission Valley to Escondido.
A variety of geologic units were encountered - these
materials are identified by the predominant visible
surface indications. The notation used to make this
identification is as follows:
T - marine and non-marine deposits and alluvium.
(clay,silt,sand and gravel with minor amounts

of cobbles and boulders). Poorly consolidated.

C - conglomerate (cemented cobbles - loose to tight).
Poor to good consolidation.

V - Volcanic (andesite to rhyolite).
Gr - Granite
The Seismic runs are all 100 feet long - the station
is at the 50 feet mark unless noted otherwise. The
direction of run is the compass direction, i.e., NE
is North 45 degrees East.

. A total of 72 Seismic runs were made crossing the pole

and tower sites.



T. FUNNEKOTTER ENGINEERING GEOLOGY GEOPHYSICAL INVESTIGATIONS

REGISTERED GEOQOLOGIST Faor
CERTIFIED ENGINEERING GEOLOGIST Subdivision Design
P. ©, BOX 575 - ESCONDIDOD, CALIF. 92025 Pipelines - Roods
. F44-2793 Seismic Rippability Studies
3

Discussion: (con't)

The velocity profile indicates the highest velocity
measured to the depth shown. In other words, no
higher velocity than that shown is within the depth
indicated. Shock waves will not refract from a harder
layer to a softer layer, so if a surface layer has
a wave velocity of 4900 ft/sec and is only 4 feet
thick and the material below is only 3500 ft/sec, no
refraction occurs at this interface. Consequently, the
thiqkness of the 4900 ft/sec layer is indeterminate;

. however, any layer with a higher velocity than 4900
ft/sec below would be detected. Several tests show
that this condition actually exists in the conglomerate.
This conglomerate is a cemented sand conglomerate cap
measuring approximately 4900 ft/sec and appears to be
from 3 feet to 5 feet in thickness overlying a softer
material. The underlying softer conglomerate is not as
rigid and probably has a velocity range of 3000 to
3500 ft/sec. However, there still can be 4900 ft/sec
layers interspersed within this softer material. In
any event, in this condition with 4900 ft/sec as the
only velocity shown as at station 828+80, no higher
velocity than 4900 ft/sec should be encountered to the

. maximum depth of penetration of 25 feet.
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Discussion: (con't)

Tower site 151 indicates 3600 ft/sec decomposed
granite and fractured granite with boulders and a
few small dikes crossing the hill, Station 2364+26.70
is near the valley floor and is in ﬁhe area of loose
alluvium, cobbles and boulders. The velocity of 2600
ft/sec reflects this poorly consolidated condition.
Station 2400463.03 is in a conglomerate structure.
The 4900 ft/sec material appears to be a cemented
conglomerate about 3 feet thick. This material is

. visible below in the road cut. This wvelocity is the
maximum measured to 30 feet depth. The conglomerate
above the 4900 ft/sec layer is softer as is probably
the material below. The area of station 2483+97.60
is low velocity silty sand.
From station 30 to 403 three geologic units were
investigated; the marine and non-marine deposits,
the conglomerate and the granite. The first category
velocities fell within a range of 2000 to 2600 ft/sec
indicating poor consolidation. The conglomerate fell
within a velocity range of 2800 to 3600 ft/sec showing
moderate consolidation. No hard rigid layers of this
material were visible in any cuts. The granite velocities

. ranged all the way up to 9000 ft/sec.
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Discussion: (con't)

High velocity granite was located on several runs

as near as 9 feet from the surface.

From station 828+80 to 1050+40 all four geologic units
were encountered. The velocity ranges of these four
units were as follows:

T - 2400 to 3000 ft/sec

C - 3500 to 4900 ft/sec

Gr - 4200 to 8500 ft/sec

V - 2900 to 8500 ft/sec

The conglomerate in these runs shows an interesting
variation - the 3500 ft/sec material is probably
poorly cemented whereas the 4900 ft/sec material is
well cemented. The presence, depth, and degree of
rigidity of this member was ascertained. The harder
cemented layer is visible on many cuts and appears to
be a cemented sand conglomerate from approximately 3
to 5 feet in thickness. It does not appear to cover
this area completely or is in a more advanced state
of decomposition and weathering. The highest velocity
measured in this member was 4900 ft/sec - this is the
highest velocity material within the indicated depth.
Granite was located at only one site - at 961+80 with
the bedrock at approximately 10 feet. The volcanic
material was located at several sites - most falls

within a range of 4000 to 4900 ft/sec. One location,
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Conclusion:

ENGINEERING GEOLOGY
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Seismic Rippability Stedies

6

(con't)

however; indicates the volcanic bedrock at 14 feet -
station 986+30.

Identification of the rock units is important because
rippability varies with velocity and type of material.
These materials were identified by the predominant
surface material and nearby cuts, trenches, escarpments,
etc. In some cases the underlying material may be
different than the surface material because of lensing
out of the upper layer - such may be the case at station
1050+40 where the lower layer may be volcanic.

All of the runs made in the marine and non-marine
deposits and alluvium show velocities under 3000 ft/sec,
most are below 2500 ft/sec., The granite and volcanic
locations indicate the presence of bedrock at many
sites. From station 828480 to 948 the conglomerate
structure appears both as a more rigid cemented cap
about 3 to 5 feet thick and softer conglomerate both
above and below in many cases., The variation in velocity
in this material probably reflects the degree of
cementation. This more rigid conglomerate cap also does
not appear to be continuous throughout this area. It

probably has been eroded through in several areas.
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Conclusion: (con't)

In terms of rippability, two basic categories should
be used as follows:
Velocity (ft/sec) Excavation Method

For granite and volcanic andesite

0 to 2000 Scraper
2000 to 5000 Ripper
5000 to 5500 Marginal
Over 5500 Drill & Shoot
For conglomerate
0 to 2000 Scraper
2000 to 5000 Ripper
. 5000 to 7000 Marginal
Over 7000 Drill & Shoot

In most cases, conglomerate should be considered as

a less rigid ﬁaterial than granite even when they have
similar velocities. This means that both ripping and
drilling can be accomplished at higher velocities than
in granite. Drilling, however can become very difficult

if the cobbles become very large.

' = 1:.::1“_r.
T, Fﬁnnekotﬁéff
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SEISMIC - RIPPABILITY INFORMATION

The following points should be considered when evaluating Seismic
information:

1. 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.

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

3. 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.

L. 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 4300 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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BENTON ENGINEERING. INC.
APPLIED SOIL MECHANICS — FOUNDATIONS
6741 EL CAJON BOULEVARD
SAN DIEGO, CALIFORNIA 82115
PHILIP HENKING BENTON Sam DiEGD; 583-5654
PRESIDENT - CIVIL ENGINEER h'ﬂy ?; ]?m La MESA: 469.-5654

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

Attention: Mr. John Burton

Subject: Project No. 72-2-27A
Second Interim Report
Rock Anchor Investigation
Mission-Escondido Line
San Diego County, California

Gentlemen:

In accordance with your request, we are transmitting three copies of our Project No. 72-2-27A
entitled, "Second Interim Report, Rock Anchor Investigation, Mission-Escondido Line, San
Diego County, California," dated May 9, 1972. Under separate cover, we are transmitting
two copies to Mr. Lloyd-Wilson of the Chula Vista office, and also one copy to Mr. William H.
Oltman of the Construction Department,

On April 25, 26 and 27, 1972, rock anchor test holes were drilled at Towers 82, 103, 125, 131,
140, 153, 159 ond 162 with a track-mounted "PAT-1" double-jack air drill. One test hole was
drilled at each site to a depth of about 12 feet. The rate of penetration was recorded in seconds
per foot for the various intervals penetrated, and the soils and bedrock were logged and sampled.
(See Drawing Nos. 22 to 29, inclusive).

In general, we found that topsoils, colluvium and fractured bedrock drilled at a rate of 7.5 to
37 .0 seconds per foot, and fresh bedrock drilled at 21.0 to 59.0 seconds per foot. The double
jack and drill is designed for hard rock drilling, not softer soils. Therefore, it tends to "mush"
in clayey topsoils, resulting in a slow rate of penetration which should not be confused with
the slower rate of penetration in hard rock. A good example of this is from 2.8 to 6.4 feet at
Tower 159 (Drewing No. 28.)

The best method of identification of the type of soil or bedrock being penetrated is the color of
the cuttings and dust blown out of the hole as drilling progresses. Topsoils, colluvium, and
highly fractured and weathered bedrock will produce cuttings and dust with brown tones, whereas
fresh bedrock (either metavolcanic or granitic) will produce cuttings and dust with a light gray to
white color. Thin weathered fractures in otherwise fresh bedrock will show a momentary change
in the dust color from light gray to brown and then back to light gray.



Project No. 72-2-27A -2~ May 9, 1972
San Diego Gaos & Electric Company

Samples of representative soil and bedrock types were collected for Mr, William H. Oltman to
use as a reference during tower line construction. These samples along with brief field
descriptions are in Mr. Oltman's possession.

If you have any questions after reviewing this letter please do not hesitate to contact this office.
This opportunity to be of service is sincerely appreciated.
Respectfully submitted,

BENTON ENGINEERING, INC,

G ity | Tz

William J. Elliott, R, G. No. 1101

Distr: (3) Addressee
San Diego Gas & Electric Company
Chula Vista office
(2) Attention: - Mr. Lloyd Wilson
San Diege Gas & Electric Company

Construction Repartment, Carlsbad office
(1) Attention: Mr. Williom H. Oltman

WJIE/ew

BENTOMN ENGINEERING, INC.
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San Dj

JOB NAME

z >

= o Gy wp| B ol *
w a @ = (" L
£ |ug| .53 SUMMARY SHEET 55 35?— E; Eﬁg g
E 2| 2Lz TOWER NO. 82 ne | wez| of | $0L| &
& gg 55 > “’E: z8 “ﬁg i
‘E J Location: 5' South of Tower Centerline z e i
el Red=brown to Gray=brown, CLAYEY FINE TO

: 3 Dry, Compact, Topsoil and MEDIUM SANDY 37
- Loose Rock GRAVEL

2 Light Gray=brown, Dry,

_ Very Compact, with

3 Occasional Fractures

101

£ 34
5_

64

= Becomes Fresher with Depth 35
7 FRESH

(2] METAVOLCANIC

8 BEDROCK

- +— Thin Fracture Zone

o
16- 27
q — Thin Fracture Zone
4 30
12- Stopped 11.5 feet

§ = Loose bag sample taken for identification purposes by

- San Diego Gas & Electric Company Personnel .

_ * = Rote of penetration in seconds/foot, by "Alr-Track" PAT=1

] t rack-mounted drill rig. All holes were air=drilled with a

_ 3 inch diameter double-jack drill.

] NOTE: In general, fresh rock (gronitic or metavolcanic) will drill to

7 a white to light gray dust, and weathered rock or weathered

B fracture seams will drill to a yellow-brown to red=brown to -

N brown dust.

_
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San Diege Gas & Electric Co., Mission-Escondido Line

JOB NAME

72=2=27A

BENTON ENGINEERING, INC.

23

F = -
'l.l-l 2 Qe Ty ;'- Et L
& '.::..E :EE" SUMMARY SHEET % 355 E; £2t g
Z |32 3:s TOWER NO. 103 o% |32 83 |28 S
= “ > : wa

ﬂg E Location: 5' East of Tower Centerline gt L2 I cx| @

- Red-brown, Dry, Loose, CLAYEY FINE TO 17
1 Topsoil MEDIUM SAND

— L'gh" Gfﬂ}l‘, D‘:r}r’ v'r}f
2 _| Compact

1
3 ]

B FRESH 29
4~ METAVOLCANIC

7 BEDROCK
5 —
6 :' Blue=gray, Becoming Harder
7
8 1|2

- 55
? —
10
Ly St d

- opped 10.7 Feet

]
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San Diego Gas & Electric Co., Mission-Escondido Line

JOB NAME

- = d T w i
8 |uz| ks SUMMARY SHEET Eg oEE| 35 <25 B
= Bm =S m >l w wul
E Eg SEE TOWER NO. 125 ;i T28 2§ 5‘%? "E
z 2e | Ex| 2% =
E E Location: 5' West of Tower Centerline g s i Y
Red=brown, Slightly Moist,
osas Topid SILTY CLAY 34
Light Yellow=brown, Dry,
Compact, Occasional Very SILTY CLAY _
. Hard Spots 19.5
(Weathered
Metavolcanic
Rock)
Light Gray to Gray, Dry,
2 Very Compact 54
Light Gray with Brown,
Weathered Fracture Zones
FRESH
METAVOLCANIC 23
BEDROCK
Becoming Harder 25
Stopped 11.5 Feet
]
_1
_
PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Co., Mission-Escondido Line

JOB NAME

z >
5 o d e | wel <
i | ue T SUMMARY SHEET E% nZE 'g'ug 3:| B
: | 52| 552 i |ahx| %0 |d58| &
= :!é azs TOWER NO. 131 g £gol >g had g
w e —— =1 4 el
el | 3 Locotion: 5' East of Tower Centerline | 5° a” | | w»
] Dark Brewn, Moist, Soft, E".ELADIiUE MI |5| AiEJ[?
1 \_Topsoil
- Dark Brown, Moist, Soft,
2 Clay Cop
3 SILTY CLAY
_ Light Yellow=brown, Dry,
i I] Medium Compact, Highly
Weathered Metavolcanic
Rock
Gray, Dry, Very Compact FRESH
METAVOLCANIC
BEDROCK
Light Gray to Gray, Brown,
Dry, Vary Compact,
Froctired ALTERNATING
: ZONES OF
FRESH AND
HIGHLY
WEATHERED
METAVOLCANIC
@ BEDROCK
Stopped 13.5 Feet
PROJECT NO. DRAWING NO.
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© DEPTH/FEET

SAMPLE
NUMBER

San Diego Gas & Electric Co., Misslon-Escondido Line

JOB NAME

PROJECT NO.
72-2=-27A

4 3=
E H e el L s
.53 SUMMARY SHEET Eg oEE| 35 | 25| 8
o g€ | 2e>| 83 | 588| =
SEE TOWER NO. 140 w Eég :E 25|
[ : = u
E Location: 13' South of Tower Centerline Et *| &° &% A
Gray=brown, Dry, Loose, CLAYEY FINE TO
\_Topsoil MED IUM SAND
Gray, Dry, Compact FRACTURED 50
METAVOLCANIC
BEDROCK
Gray, Dry, Very Compact FRESH
METAVOLCANIC
BEDROCK
Gray ond Gray=brown, Dry,
Compact, Fractures About
2 Feet Apart
28
FRACTURED
METAVOLCANIC
BEDROCK
Stopped 12 Feet
DRAWING NO.
BENTON ENGINEERING, INC. 26




San Diego Gas & Electric Co., Mission-Escondido Line

JOB NAME

= = e
- =] Q.. i tl— ','_u}h' 8
w W = [ = i 'S
g =E L“§§ SUMMARY SHEET E% 355 E:i EE% *{_\
AR TOWER NO. _153 g% |ig5 o2 | 53¢ 3
z o SRR 2 ® ul =
?L 5 Location: 5' Northeast of Tower Centerline | 5" &~ =
- Light Brown, Dry, Loose, SILTY FINE TO
1] | Topsoil
il Medium Brown, Moist MEDIUM SAND _315
< Light Yellow=brown, Molst, HIGHLY 2
e Medium Compact WEATHERED
i GRANITIC |
< BEDROCK
m Gray, Dry, Very Compact 57
FRESH
GRANITIC
| BEDROCK
Light Yellow=brown, Dry, FRACTURED I3
Compact GRANITIC
BEDROCK
Gray and Cream, Dry, FRESH 59
Very Compact GRANITIC '
BEDROCK
2 Groy to Brown to Cream, FRACTURED
Dry, Compact GRANITIC
BEDROCK 13
Stopped 12 Feet
=
PROJECT NO. DRAWING NO,
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O DEPTH/FEET

San Diego Gas & Electric Co., Mission-Escondido Li

JOB NAME

z 2= > . F b
o o ; - w
we| Eo SUMMARY SHEET E% o8E| 35 | 25) 8
2| 502 E | a5z| 83 [852] S
HED: TOWER NO. 159 we | F281 05 | z25(
w3 ?m 2 2 I:E x| 2
] T =)
3 Location: 5' Northwest of Tower Centerline| &
Dark Brown, Molst, Soft,
Topsoil CLAYEY FINE
TO MEDIUM 20
SAND **
Yellow=brown, Slightly
Moist, Medium Compact,
m Colluvium
CLAYEY FINE 95
SAND **
Gray, Dry, Compact, "D.G."
WEATHERED
GRANITIC 25
: BEDROCK
2]
— Stopped 12 Feet

i

0 to 6.4 feet is topsoil and colluvium and should not be used for
rock anchor footings. 6.4 to 12.0 is good solid "D.G." and should
be satisfactory for rock anchor footings.

PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Co., Mission-Escondido Line

JOB NAME

z 2=
- o or | we| Ei ge| 8
8| ugl .53 SUMMARY SHEET %; EEE 23 Egﬂ é
e TOWER NO. 162 u E%E Eg 5a¢| ¢
w z @ 4 ®| x ¥
3 g Location: 4' North of Tower Centerline -3 & il
= Orange-brown, Dry, Loose, SILTY FINE TO
1 Topsoll MEDIUM 7.5
a SAND
2]
_ Gray, Brown, Dry, Compact SLIGHTLY SILTY
3 FINE TO MEDIUM
|1 SAND
s (1] (Weathered 190
| Granlitic
5] Rock)
3 Gray=brown, and Gray, Dry, 21
5 Compact to Very Compact
?: ALTERNATING 12.5
] ZONES OF
4 WEATHERED
i AND FRESH 24
il GRANITIC
. @ BEDROCK 23
10 —
_ 24
11 =
(3] ©
12 -
" Stopped 12 Feet
PROJECT NO. o ) DRAWING NO.
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San Diego Gas & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

5 - MMARY SHEET o 3 EE | g
[17] = — § [+ 4
¢ | 28| 233 " T3 82 32>| &2 | 35¢
E g; 3&; TDWER NOD. ﬂ g:ni: Ega :’"E E’!EE
E - gm 3' West of Tower Centerline El"'-‘ *| 8- o
(5]
. Brown, Slightly Molst, Loose, GRAVELLY
30 Percent Rock Fragments to VERY FINE
& Inches SA
Gray, Dry, Very Fimm, FRACTURED
Slightly Weathered VOLCANIC ROCK
PROJECT NO. DRAWING NO.
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San Diego Gos & Electric Company, 230 KV Line, Mission Substation, Escondido

JOB NAME

z >

- =] 7] g F w
Y luwe| Ea SUMMARY SHEET el | we| BE | _ok
L Eﬁ 393 z¢ | 32>| 53 | a¢
£33 w%ﬁ TOWER NO. 114 w¥ | £23| 25 | £22
w =1 =2#| =5 =
E o 5' West of Tower Centerline 5 = !
- Red=brown, Slightly Meoist,

1] Firm, Large Amount of

_ Interbedded Layers of
2 |() R Highly Fractured Rock 16.2 |119.4108.2

] e\ Fragments to 1 Inch

Gray-brown, Majst, 9 Inch
3: Layer with Few Rock
Fragments 45.3|3.8 [158.0/*

4 i SILTY CLAY

— b S S S
5 m Light Brawn, Slightly Meolst,

_ ===\ Rock Fragments to 3 Inches
A=

- ] Light Gray=brown, Slightly
1.@ Moist, Very Fim, Slightly 43.3 | 6.8 |141.4

= s Cemented, with Interbedded
8 - Layers of Highly Fractured FINE SANDY

- - Rock Frogments to 3 to 4 CLAY

9 inchas

- * Density of rock fragments of metavelcanic origin

PROJECT NO. DRAWING NO.
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San Diego Gas & Electric Co., 23C KV Line, Mission Substation, Escondido

JOB NAME

z >
= o 8 Wi -~ ar
b |ug| 52 SUMMARY SHEET ;% N 5
HEHES TOWER no__ 130 AEL R 258
z “u > * x Pws
4 3 4' North of Tower Centerline gh | X &S| =¥
N '\% %
i Xy Brown, Slightly Moist,
] \‘\\\ Loose, Topsail, Rock PIRTTCEIDE AN
| : s to 10 Inches
Red=brewn, Maist, Firm, SILTY €
= LAY
N \_Rock Fragments to 4 Inches
2z Light Brown, Slightly Moist, SILTY VERY FINE
_ Very Firm, with Unweathered TO FINE SAND
] Dark Gray Fragmants to (VOLCANIC ROCK
- 14 Inches WEATHERED IN
4 - R PLACE)
1 B
PROJECT NO. DRAWING NO.
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San Diego Gas & Flectric Co., 23C KV Line, Mission Substation, Escondido

JOB NAME

z > -
=) ® : w
B | ue L2 SUMMARY SHEET E% oEE g | 2"
b ED TOWER wo.___130 Ge e'céig 8 £52
T v > W = W=
o N 3 4' North of Tower Centerline Et #1 52| =¥
S -
- \\\% t:::' f;;‘::::? ::‘l:“ SILTY FINE SAND
- N |_Frogments to 10 Inches
B I i Red-brown, Moist, Firm, SILTY CLAY
_ oayyN\_Rock Frogments to 4 Inches
=] Light B.rnwn, Slightly Moist, SILTY VERY EINE
- Very Firm, with Unweathered TO FINE SAND
_ Dark Gray Fragments to WOLCANM: ROCH
. 14 Inches WEATHERED IN
= PLACE)
1 R
]
-
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San Diego Gas & Electric Company , 230 KV Line, Mission Substation, Escondido

JOB NAME

= >
Q T} i s w
Bl we| Eu SUMMARY SHEET €L | BE| BE | o25
< Zo 'E‘EE e EE 82> &3 4Eg
- . 131 = | wor =z w
|52 g o o< V33| 4 | 35
o 3 3' North of Tower Centerline g et W
- Brown, Moist, Loose, Topseil | SILTY FINE TO
i o MED IUM SAND
- Doded Brown, Moist, Firm
2 i) |
3 SILTY CLAY
O] Light Recium 6.8 (20.1(91.3
-
5 Light Brown, Moist, Very
- Firm
6 _
?’ —
g
ﬁ X SILTY VERY FINE
s JOR SAND 58.3(11.2 [129.0
| (VOLCANIC
| ROCK
10 Less Weathered with WEATHERED IN
0 N Increasing Depth PLACE)
12 4
13 _
14 - R
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as & Electric Company , 230 KV Line, Mission Substation, Escondido

San Diego

JOB NAME

z i e
& Q, : u
G| we| Ea SUMMARY SHEET gk | JBE| 3° | 25
AR NO S€ | 25| 43 [ 858
£ | 33| 253 TOWER Mo._131 ox | Z2g] 83 | £89
% | v2 gﬁ >y | “Sx| 28 | "S5
ﬂb d 3' North of Tower Centerline 5" a
| N Brown, Moist, Loose, Topsoil | SILTY FINE TO
) 2 MED IUM SAND
_ | Brewn, Moist, Firm
4] :
3 | SILTY CLAY
_ AR
+ JORRY Hoht Brown 6.8 {20.1(91.3
5= Light Brown, Moist, Very
- Firm
6 |
? —
E -
4 B SILTY VERY FINE
o 1@ SAND 58.3(11.2 [129.4
| A (VOLCANIC
1 R ROCK
10 NG ] Less Weathered with WEATHERED IN
dn 7] ey Increasing Depth PLACE)
) %
14 - Q\\ ]
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BENTON ENGINEERING. INC,
APPLIED S0OIL MECHANICS — FOUNDATIONS
6741 EL CAJON BOULEVARD
SAM DIEGD, CALIFORMIA 82115
PHILIP HENKING BENTOM Sam DiEco: SB3-5654
PRESIDENT - CIVIL ENGINEER h"f.‘l}" 25; ]??2 LA MESA 469.5654

San Diego Gas & Electric Company

P. ©. Box 1831

San Diego, California 92112

Attention:  Mr. John Burton

Gentlemen:

This is to transmit to you three copies of our report of Project No. 72-2-27A entitled, "Third
Interim Report on Soils Investigation, Mission~Escondido Line, San Diego County, Califemia,"
dated May 25, 1972,

We are transmitting under separate cover two copies to Mr. Lloyd Wilson of the Chula Vista
office.

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

Very truly yours,

BENTON ENGINEERING, INC,

2, A

Philip H. Bentor” Civil Engineer
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THIRD INTERIM REPORT
ON
SOILS INVESTIGATICGN

Introduction

This is to present the results of a soils investigation conducted ct certain tower sites for
the proposed San Diego Gas & Electric Company Transmission Line from the Mission Substation
to the Escondido Operating Center in San Diego County, Califomia .

This report is to serve as a supplement to our previous report entitled "First Interim
Report, Soils Investigation, Mission-Escondido Line, San Diego County, Califomia," for the
San Diego Gas & Electric Company, April 6, 1972, under the same Project Number of 72-2-27 A
and our "Second Interim Report, Rock Anchor Investigation, Mission-Escondide Line, San Diego
County, Califomia," dated May 9, 1972.

The objectives of the investigation were to determine the existing subsurface conditions
and physical properties of the subsoils so that representative soil parameters could be recommended
for the design of the proposed tower foundations. Also, the findings and log of soil conditions
are to serve as a guide in determining the best probable types of foundation to be used.

In addition to the borings drilled for this report, refraction seismograph lines were run
at Tower 151 in the Harmony Grove area, three sites in the San Onofre area and 53 sites
between Mission Valley and Escondido. The three refraction seismograph lines taken in the San
Onofre area are to be incorporated into our previous report entitled "Interim Report, Soils
Investigation, 230 KV San Onofre~Escondido Line, San Diego County, California," for the

San Diego Gas & Electric Company, February 9, 1972, under Project No, 71-12-22A,



Field Investigation

Eight 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. 30 to 43, inclusive, each entitied "Summary Sheet."
The borings were drilled to depths of 12,0 to 31.0 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 shown in detail on the Summary Sheets.

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 u;td 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. 30 to 43, inclusive. Direct shear tests were performed on selected representative samples
from possible foundation bearing soils in order to determine the angle of intemal friction and
apparent cohesion of the soils. The samples were allowed to saturate and drain prior to being
tested. The results of these tests are presented on the “Table of Shear Test Results” which are
presented on pages B and 9.

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

BEMTON EMNGINEERING, INC,
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DISCUSSION AND RECOMMENDATIONS

1. Soil Strata
Tower No, 1

A medium firm gravelly silty fine to medlum sand was encountered to a depth of 4.0
feet. This layer contained slight clay binder and approximately 30 to 40 percent gravel,
cobbles and boulders up to 24 inches in diameter. Below 4.0 feet was a very firm clayey fine
to medium sand with occasional boulders up to 16 inches in diameter to the depth of 7.5 feet,
This was underlain by very firm and gravelly clayey fine to medium sand with approximately
30 percent gravel and cobbles up to 6 inches in diameter to a depth of 8,5 feet that was under-
lain by very firm clayey very fine to fine sand to the limit of exploration at 27,0 feet, where
further drilling could not be made due to cementation. Lenses of silty clay layers up to 1 inch
thickness were encountered behtween the depths of 18.8 and 22.0 feet.

MNeither ground water nor caving was encountered in the boring,

Tower MNo. 4

The upper 4.4'.:.? feet of the soils consisted primarily of gravelly silty fine to medium sand
that were loose in the upper 1.5 feet ond graded to very firm with elay binder and about 30
percent gravel and cobbles up to 4 inches in diameter between the depths of 1.5 feet and 4.0
feet. From 4.0 feet to 7.0 feet, the soils were very firm gravelly clayey fine to medium sand,
These were underlain by a very firm clayey fine to medium sand with altemating merging layers
of slightly clayey fine to medium sand to the depth of 10.0 feet. Very firm gravelly clayey fine
to medium sand was found below 10.0 feet and to 24.0 feet where the boring was terminated
due to large boulders. The gravelly clayey fine to medium sand layer contained approximately
30 percent gravel and cobbles up to 6 inches in diameter betwsen the depths of 10.0 feet and

13.0 feet that increased to 40 to 50 percent gravel and cobbles up to 7 inches in diameter below

BENTOMN ENGINEERING. INC.
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that depth to 23.0 feet. Boulders up to 18 inches in diameter were encountered within the
last foot of boring.
Mo ground water was encountered in the boring.

Tower No. 12

A loose and porous clayey very fine to fine sand was underlain at a depth of 4.8 feet
by a firm clayey fine to medium sand to a depth of 8.0 feet. Below 8.0 feet was @ medium
compact fine to medium sand that was underlalin by a medium compact fine to medium sand
altemnating with layers of clayey fine to medium sond to a depth of 21.0 feet. Gravelly fine
to medium sand alternating with layers of clayey fine to medium sand were found below 21.0
feet and to the end of boring ot 24,0 feet. Approximately 40 to 50 percent gravel and cobbles
up to 7 inches in diometer were found within the last foot of the boring. No progress in drilling .
could be mode due to large cobbles and caving below 24.0 feet.

Ground water was encountered below 19.0 feet in depth,

Tower No. 22

A very firm gravelly fine sandy clay with approximately 15 to 20 percent gravel and
cobbles to 4 inches in diameter was encountered to o depth of 2.5 feet and was underlain by
a medium firm fine sandy clay with lenses of white clayey very fine to fine sand to the depth
of 5.0 feet. A very firm cloyey very fine to fine sand was encountered between 5.0 and 13.5
feet and was underlain by silty clay between 13.5 and 19.5 feet. The silty clay layer between
the depth of 13.5 feet and 19.5 feet was highly fractured and slickensided. Very firm clayey
fine to medium sand was found between 19.5 and 23.5 feet and was underlain by very firm
silty clay to 27.0 feet. A very firm and very fine to fine sandy clay was encountered between
27 .0 feet and the end of boring ot 30,0 feet.

MNeither ground water nor caving weas encountered in this boring.

BEMNTOMN ENGINEERING. INC.



Tower No. 26

A silty fine to medium sand derived from decomposed granite was encountered to a
depth of 3.8 feet. This layer was medium firm and porous, and contained some coarse grains
and clay binder in the upper 1.8 feet and graded to firm in consistency between 1.8 and 3.7
feet. Below 3.7 feet was a very firm and gravelly silty fine to coarse sand to the end of boring
at 15,2 feet. This layer contained 20 to 25 percent gravel to 1 inch in diameter with chunks of.
less weathered granitic rock and slight clay binder between the depths of 3.8 and 6.0 feet,
Some cemented layers up to 1 inch thickness with a silty clay coating were encountered
batween the depths of 6.0 and 8.7 feet. Zones of 1.5 inches thickness of a less weathered
granitic formation were found below 13.5 feet. No progress in drilling could be made below a
depth of 15.2 feet due practical refusal in the in place rock.

Neither ground water nor caving was encountered in this boring.

Tower No. 30

A firm silty fine to medium sand with slight clay binder was encountered to a depth of
2.8 feet. This was underlain by a very firm residual soil of decomposed granite in the form of
gravelly and slightly clayey fine to coarse sand to the end of boring at 12.0 feet, This layer
contained approximately 25 to 30 percent highly fractured but less weathered granitic fragments.

Mo progress in drilling could be made below 12,0 feet due to practical refusal on the rock.
Neither ground water nor caving was encountered in the boring.

Tower No. 74

Loose, gravelly silty very fine to fine sand with 20 percent gravel and cobbles to 6
inches was encountered to 0.6 foot. Very firm clayey fine to medium sandy gravel with 50 to
60 percent well-graded gravel and cobbles up to 12 Inches in diameter was encountered between

0.6 foot and 30.3 feet. The sandy gravel layer contained pockets of fine sandy clay between

BEMNTON ENGINEERING, INC.
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the depth of 2.5 and 3.5 feet. Below 30.3 feet was a very firm slightly clayey fine to medium
sand to the end of boring at 31,0 feet,

Neither ground water nor caving was encountered during exploration,

Tower No. 78

A medium firm and slightly porous silty clay layer was underlain at a depth of 1.7 feet
by a medium flrm silty very fine to fine sand containing lenses of silty clay to a depth of 3.5
feet. Below this depth was a firm and highly fractured very fine sandy clay layer with white
lenses of silty very fine to fine sand to a depth of 15.0 feet, that then merged to very firm
clayey very fine to fine sand to the end of boring at 31.0 feet. The clayey sand layer contained
pockets of brown fine sandy clay between the depths of 20,5 feet and 22.0 feet and lenses of
white silty fine sand between the depths of 22.0 feet and 25.7 feet. Cemented fine sandy clay
layers up to 3 inches in thickness were also encountered between the depths of 25,7 and 28.0
feat.

MNeither ground water nor caving was encountered in the boring.

2. Soil Parameters

In plotting the direct shear test data, the peck values of all tested specimens were used.
The tested angle of intemal friction and apparent cohesion values were determined from the
possible combinations of two or three tested peck values if the three tested specimens did nof
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 analyzed, and the
recommended values for the angle of intemal friction and cohesion presented in the "Table of
Shear Test Results" have been reduced on the basis of the analyses, judgement and comparing
the data of similar materials with similar densities and resistances to penetration (drive energy).

Some of these factors, but not all of them, have been used in the analyses to determine the

BENTON ENGINEERING. INC.
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final recommended values. The "Table of Shear Test Results" are presented on the attached
pages 8 and 9, and the unit weights of the soils are found on the Summary Sheets, Drawing
MNos. 30 to 43, inclusive, at the end of this report.

The soil conditions at Tower No. 12 are recent alluvium and therefore the strengths of
the soils are relatively low compared with other tower locations. The present water level on
April 27, 1972 was measured at 19 feet below the present ground surface. If it is desired that
the design at this location assume the water level rising to the point where normal footings may
not be safely used, then supplemental calculations for driven B inch steel "H" piles can be made
and a pile design curve submitted upon request.

Respectfully submitted,

BENTON ENGINEERING, INC.,

3}'_‘/5* S e

S. H. Shu, Civil Engineer

Philip H. Bénton, Civil Engineer

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

SHS/PHB/ew

BENTOM ENGINEERIMNG, IMNC,
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5.0
10.0

15.0
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-
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5.0
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TABLE OF SHEAR TEST RESULTS

-8-

Soil Description

Clayey fine to
medium sand
Clayey very fine
to fine sand
Clayey very fine
to fine sand

Altemnating layers 0.78
of slightly clayey

and clayey fine

" to medium sand

Clayey fine to
medium sand
Fine to medium
sand

Fine to medium
sand alternating
with layers of
clayey fine to
medium sand
Fine sandy clay
Clayey very fine
to fine sand
Silty clay
Gravelly silty
fine to coarse
sand

Gravelly silty
fine to coarse
sand

Silty fine to
medium sand
Gravelly slightly
clayey fine to
coarse sand,

decomposed granite

Gravelly slightly
clayey fine to
coarse sand,

decomposed granite

Shear Resistance

in kips/sq ft. Apparent
Under Normal Coheslon
Load of (Ib/sq ft)
0.5 1.0 2.0 Recom-
(Kips per sq. ft.) Tested mended
0.60 0.92 2.38 280 280
3.16 1.67 3.68 1050+ 1050
0.83 2.08 4.84 520+ 520
1.69 2.64 320 320
0.49 - 0.94 330 330
0,39 0.69 1.63 80 8O
0.58 -~ 1.39 310 310
0.41 0.60 1.51 220 220
1.42 2,05 2.5 1150 1150
1.21 1.30 2.29 1125 1125

TOO ROCKY AND FRACTURED,

UNABLE TO TEST

TOO ROCKY AND FRACTURED,

UNABLE TO TEST

0.33 0.94 1.17

60

60

TOO ROCKY AND FRACTURED,

UNABLE TO TEST

TOO ROCKY AND FRACTURED,

UNABLE TO TEST

BEMTON ENGINEERING, INC.

Angle of Internal

Friction
(Degrees)
Recom-
Tested mended
32 32
32 32
32+ 32
43 - 40
16 16
30 30
28 28
21 21
28 28
9 9
43
43
29 29
43
43
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3

4
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TABLE OF SHEAR TEST RESULTS

Soil Description

All clayey fine
to medium
sandy gravel

Silty very fine
to fine sand
Very fine
sandy clay
Very fine
sandy clay
Clayey very
fine to fine
sand

Shear Resistance

in kips/sq ft Apparent Angle of Internal
Under Normal Cohesion Friction
Load of (Ib/sq ft) (Degrees)
0.5 1.0 2.0 Recom- Recom~
(Kips per sq ft)  Tested mended Tested mended
ALL SAMPLES WERE EITHER TCO LOOSE, 40
DISTURBED, OR TOO GRAVELLY TO BE
TESTED
0.55 0.69 1.17 210 210 26 26
1.66 1.85 3.24 1460 1460 2] 21
0.69 1.48 2.10 390 320 31 31
3.74 3.84 3.91 3620 3620 12 12

BENTON ENGINEERING, INC.



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

JOB NAME

© DEPTH/FEET

Continued on Drawing Mo. 31

o = Indicates undisturbed drive sample

® - Sample not recovered
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& 4 Percent Gravel, Cobbles and SILTY FINE TO
- Boulders to 24 Inches MEDIUM
3 2] 24 Inch Boulders SAND
=1 Light Red=brown ond Light
———1 Brown, Slightly Moist, Very CLAYEY FINE
————{ Firm, Some Coarse Grains, 1O MEDIUM
""" o] ional Gravel to 1/2 f
@ — SEEINNe SAND 11.4| 9.6|103.2
=i Inch, Slightly Micaceous
""" 16 Inch Boulder
Evow] Light Red-brown, Slightly GRAVELLY
&% | Moist, Very Fimm, 30 Percent | CLAYEY FINE TO
——— 1\ Gravel and Cobbles to 6 MEDIUM SAN[y
R Inches
(D= Light Groy and Red, Slightly 30.8[17.2[105.4
..... Moist, Very Fimm
1 Red
———— 15 Inch Layer Slightly
—— | Cemented
..... CLAYEY VERY
----- FINE TO FINE |
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O)== 22.7 [ 15.4[102.1
..... Light Gray, Cemented 6 Inch
Layer
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San Diego Gas & Electric Co., 230 KV Line, Escondido

JOB NAME

- 5 8y | wel Ze | uwe
| uel %2 SUMMARY SHEET EL | o3| 8% | 2
“ |2m| 2us EE Je>| &3 | 229
E |33 gis TOWER NO. 1 (Cont.) we | E2El 0% | 228
8| 2z| Qe e >- | “2,] 8 | wds
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18 — 2
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19 _ L. Very Firm
- | Lenses of Meist Silty Clay
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21 -
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2 BE= FINE TO FINE
_ s SAND
a4 [
=
25:@ 54.5(13.5103.5
o R
27 ]
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San Diego Gas & Electric Co., 230 KV line, Escondido

JOB NAME

z >
] = il e s
G |ue| =2 SUMMARY SHEET st | EE| g% | .25
“Llam| =va zg ap > 53 353
E |32 855 TOWER NO. 4 u¥ E§E °s | 528
o z w P 2 * w=
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2 SILTY FINE TO
o Very Firm with Cloy Binder, MEDIUM
| 30 Percent Gravel and SAND
3 Cobbles te 4 Inches
| Slightly Moist
4
_ Brown, Moist, Very Firm GRAVELLY
5_ CLAYEY FINE
_ TO MEDIUM
SAND
6—-|
y
] -1 Brown, Moist, Very Firm, CLAYEY FINE TO
8_ L Occasional Gravel MEDIUM SAND &
N XA ALTERNATING
N0 === AND MERGING 103.3
L LAYERS OF
w‘ R SLIGHTLY CLAYEY,
a ey [FINE TO MEDIUM
T e SAND ¢
N ¢—4—»| Brown, Molst, Very Firm, 30
12— w—v-w| Percent Gravel and Cobbles
i r-r—r - ; to 6 Inches
13- e
i ‘—*—l. < 40 to 50 Percent Grovel
14 #—4—# and Cobbles to 7 inches GRAVELLY
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15— *I_I'_I"l TO MEDIUM
N * -8 #]
s
1<
. '. - .. : ..
17- &,
187
194
20
. Continued on Drawing No. 33
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San Diego Gas & Electric Co., 230 KV Line, Escondido

JOB NAME
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i ===
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10]@ R MEDIUM 3.2 14.7 193.4
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114 :
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15- ®._::;.:5 Slightly Porous WITH LAYERS |3.2 | 9.9196.0

— R OF CLAYEY
16, - FINE TO

= " MEDIUM
17 T SAND
18 —

2 W ater
12] |2

il —1 Scaturated
2,_-,_@)'.:: :::: 3.2 |26.2] 98.1

Continued on Drawing No. 35
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San Diego Gas & Electric Co., 230 KV Line, Escondido

JOB NAME

72-2-27A
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San Diego Gas & Electric Co., 230 KV Line, Escondido
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BENTON EMGINEERING, INC.
APPLIED SOIL MECHANICS — FOUMDATIONS

6741 EL CAJON BOULEVARD
SAM DIEGD. CALIFORMIA 82115

PHILIPF HENKING BENTOM Sanw DIEGO; SB3-S654

PRESIDENT - Civle EMOINEER Sﬂprﬂmb&r 131 1972 La MEsSA: ABS-5654

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

Attention: Mr. John Burton

Subject: Project No. 72-2-27A
Addendum to Supplement of
September 11, 1972
Mission-Escondido Line
San Diego County, Califomia

Gentlemen:

In complionce with your telephonic request, we are submitting herewith our recommended values
of apparent cohesion (c), angle of internal friction (®), and unit field density (y), to be used in
connection with the design of the foundation for the proposed Tower 12 of the San Diego Gas &
Electric Company " Mission-Escondido Line." These values of c and ¢ were obtained by first
saturating and then shearing soil somples obtained from different depths of the boring drilled for
that tower. (The detailed log of the soils encountered in that boring were presented in the

form of Summary Sheets, Drawing Nos. 1A, 2A and 3A, in our report dated September 11, 1972.)
After being saturated the samples were sheared under varying normal loads between plastic mem-
branes to restrict drainage; the results of these shear tests are presented as follows:

Maximum Angle of

Normal Shear Internal Apparent

Load in Load Friction Cohesion

kips/sq ft kips/sq ft Degrees Ib/sq ft
Sample 1 0.5 0.31 16.0 150
Depth: 3.0 feet 1.0 0.34

2.0 0.83
Sample 2 0.5 2.15 35.0 1225
Depth: 8.0 feet 1.0 1.95

2.0 3.21
Sample 3 0.5 1.54 14.0 1410
Depth: 13.0 feet 1.0 1.69

2.0 1.83
Sample 4 0.5 0.53 32.0 225
Depth: 18,0 feet 1.0 1.17

2,0 1.78



' Project No. 72-2-27A o5 September 18, 1972

San Diego Gas & Electric Company

Maximum Angle of

Normal Shear Internal Apparent

Load in Load Friction Cohesion

kips/sq ft kips/sq ft Degrees Ib/sq ft
Sample 5 0.5 2.35 40.0 * 1900
Depth: 28.0 feet 1.476 3.18

2.0 4,35
Sample 6 0.5 1.02 38.0 640
Depth: 33.0 feet 1.0 1.14

2.0 2.19

* Arbitrarily reduced

The values of unit weight (y) to be used will depend on the intended use. Unit dry densities
are shown on Drawing Nos. 1A, 2A and 3A referred to above. Unit weights at field moisture
content (as of the date of our drilling) and unit weights under conditions of submergence in
ground water, are presented as follows:

Unit Weight at Buoyant
Sample Depth Field Moisture * Unit Weight
Neo, in Feet Soil Type Ib/eu ft Ib/cu ft
1 3.0 Clayey fine sand 81.2 45,7
2 8.0 Clayey fine to medium sand 119.7 64.1
3 13.0 Fine to medium sandy clay 128.0 66.9
4 18.0 Fine to medium sand 110.5 62,1
5 28.0 Clayey fine to medium sand 129.0 69.0
& 33.0 Slightly clayey fine to medium sand 130.0 69.0

* As of August 28, 1972

It is recommended that the values of ¢, ® and y shown in the above tabulations be used for the
soil strata from which the samples were obtained. For the stratum of gravelly fine to medium
sand found between the depths of 21.5 and 27,0 feet, it is recommended that the values of ¢,
® and y pertaining to Sample 4 be used.

Respectfully submitted,
Distr: (1) Addressee
BENTON ENGINEERING, INC, (2) Pioneer Service & Engineering Company
Attention: Mr. Stefan Trausch

(Enclosures - 2 copies of our report to
By m’%ﬁ San Diego Gas & Electric Company

M. V. Pothier, Civil Engineer dated September 11,-1972)

MVP/ew

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

Attention: Mr. John Burton

Subject: Project No. 72-2-27A, Supplement
Mission-Escondido Line
San Diego County, California

Gentlemen:

This is to present the results of a supplemental soils investigation conducted at your request
at the site of the proposed Tower 12 of the San Diego Gas & Eleetric Company "Mission -
Escondido Line." This supplemental investigation was necessitated by the fact that, during
the overall investigation reported by us on May 25, 1972, the boring drilled at the site of
Tower 12 had to be terminated at a depth of 24,0 feet due to @ heavy concentration of gravel
and cobbles, which prevented further penetration of the soils with the type of drill rig being
‘used.

The specific objectives of this supplemental investigation were to determine the existing soil
conditions and some of the major physical properties of those soils, to greater depth to enable
the design of driven~pile suppart for the proposed tower. It is our understanding that the
goveming forces for which the proposed pile suppért must be designed are overturning couples
on the order of 1000 foot kips, with piles spaced 10.0 feef center to center. In order to
accomplish the stated objectives; a single boring was drilléd at a locatien epproximately 20.0
feet southeasterly of the center of the proposed tower, and representative soil samples were
obtained from the boring for laboratory testing.

Field Investigation

The boring was drilled to a diaméter of 6 inches with a truck-mounted rotary wash-type drill
rig. The boring was drilled to d depth of 60 feet below the existing ground surface. A con-
tinuous log of the soils encountered in the boring was recorded at the time of drilling and is
shown in detail on Drawing Nos. 1A to 3A, inclusive, each entitled "Summary Sheet."

The soils were visually classified by field identification procedures in accordance with the
Unified Soil Classificatien Chart. A simplified description of this classification system is
presented in the attached Appendix A at the end of this report.
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San Diego Gas & Electric Company

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 weighs 300
pounds, and the average drop was 30 inches: The general procedures used in field sampling
are described under "Sampling" in Appendix B.

Laboratory Tests

Laboratery tests were performed on all undisturbed samples of the soils in order to determirie
the dry density, moisture content, and shearing strength. The seil samples‘were saturated:and.
then sheared vndes nemal F@Hﬁﬁ'@@ﬂﬂml&’ml‘ fo these of the overlying seils at buoyant weights;
for reasons which will be explained later in this report, The results of these tests are presénted
on Drawing Nos, 1A to 3A, inclusive,

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

DISCUSSION AND RECOMMENDATIONS

Soil Strata

The upper 5.0 feet of soils at the boring location censisted of porous clayey fine sand that was

: loose to a depth of 2,0 feet and then medium loose, This layer contained some silt and rootlets,

and was wnderlain to a depthrof 10,0 feet by firm clayey fine to medium sand. Betwéen the

: .-.ﬂépd'hs of 10.0 and 13.5 feet was firm fine to medivm sandy clay with seattered gravel, and

medium compact fine to medium sand was then found to a depth of 21.5 feet. From 21.5 to 27.0
feet.was a stratum of medium firm to firm gravelly finé to medium sand containing some: Iuyers
of clayey: fine to medium sand, and then very compact clayey or sllghrl}r clayey fine to medium

_sand was found. to a depth of 58.0 feet; this stratum contained lénses of fine sandy clay between
29,0 and 30.0 feet of depth, an intrusion of fine sand between 45.0'and 47.5 feet, and a'

cemi Iayar between 47.5 and 48.0 feet. The lower 2.0 feef of the%mng ;o rha depth of
600 feet, was very compact c[uy&y fine sand.

H is prebable that the ground water level wds at approximately 19 fget as: prembusly encountfered
I‘a‘w M&:Mﬁ’éﬁlﬁh@mﬁmeme’n%ﬂ drillet! sidiierd :addedrét groondisviface

BrihetarSest Aibing .

We have been advised by the office of the San Dn.-,go County Engineer that their records indicate
a water table as high as Elevation +96.0 feet during 100 year storms, at this location. For this
reason it was felt that, for all practical purposes, the shearing strengths of the soils under over-

burdens of soils af buoyent weight should be used.

It is recommended that the necessary support be provided by driven H Bearing Piles (12 BP74 or
BP58), designed in acecordance with the attached Drawing No, 4A, entitled "Tower 12,

Single Pile Vertical Supporting Capacities,"  As noted thereon, allowable resistance to uplift
forces may be qs{ugrenlm; one-half of the vertical supperting capacities shown in the drawing.
For example, a 48 feet long 12 1BE'?4 or 12 BP53 pile should safely resist an upward force of
100 kips.

Respectfully submitted,

BENTON ENGINEERING, INC. Philip HZ Benton, Civil Engineer
_ | Distr:  (3) Attention: Mr. John Burton
. By BEMNTOM FMGQIMEESING, (FC, (2} Aﬂgnﬁun: Mr_ Llﬂ'yd Wilsan

M. V. Pothier, Civil Engineer
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{25 ] 3 !
] |
26 - :
P : E
o7 e
& -1 Light Gray with Light Red
28 l—-— Meist, Very Compact, ' CLAYEY FINE TO[40.5[16.5]111.0 3.18 ;
| ———= Slightly Micaceous MEDIUM SAND i
29« b= *
i : ===+ Light Broewn, Lenses of Gray |
-§ e ] }l'
30 | == and Brown, Fine Sandy Clay ;
i e {
3] - t: Light Gray, Moist, Very i
f ey Compact |
32 4 R 1
R = ;
33_|® e 26.2|17.5[110.9 2.65 ’
b =
34 | e SLIGHTLY
: CECHA 2 CLAYEY FINE
L R TR TO MEDIUM
35 i X SA i
{4 EEsE "R !
36 ==
187 ¢ i
! e :
% 1O 2.0
IR 7T s, d
'39 J®: 115.7 :
Lo 1@ == 65.0 ;
bop Continved on Drawing No. 3A :
-!..-.. ._..i_..+.;.“.-.q__.k. s e st i T A e o it . T A it B e s e
i PRIIES § ] 1257 AWING MO, i_
SN 2 7 BENTUN ENGINEEEING NG, TA ;
M it g A SRR A R A S A R A s s s



wA3 NRNE

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

S e i -"1.‘ W Sk e W A WA T L R S T it L ey : e ' I -

;' & z | f '?"r 1 ;,.:._,'!. o e

? B F --TE-. ! J%:.r E- Eiﬂu‘fﬂﬁﬁ‘f EHEt_-I ! ;.‘.‘E"' i & .:fj Ej‘ w

| ;3% YR | RE JgEnt
il o T B I. i ' _=,.I _;.-.:_1. - £}

Foxlael v TOWER NO. 12 (Cont.) bow? i I30)

[ W = R | oy ot

1 e 1 £ 3 i T F : s

B e s L R 5, R e T R s B "

T =3 Light Gray, Moist, Very

i t= -2 Compact

. 4] ; P

T A Y A b A

s e T

......

------

.....

......

......

......

M el

SLIGHTLY
CLAYEY FINE
TO MEDIUM

SAND

68.2|17.2|108.8

49.5(19.21109.9

65.2(18.3|107.5

1

b
i
i

- i
e A
Ve L‘j
KR

i

|- e i

3.80

3.67

5.51

————— N

Green~gray to Light Gray,

Slightly Moist, Very Compact

CLAYEY FINE
SAND

75.0 |16.8|112.5

4.33

i
4 !
{ i
} i
e’ T SN -----Lu--q-r--n- R b R S S . e A A e A g i v e il b
P - i . ) _ t GRAR AL FiL.
72=2=27A H PENTOMN ENGIAUESRINIGG N :
]
e Mt B e e A o o o e w5 it S A - e A R ) A A A o i e el ey i L i By o A . el



Pool

Foundation ___ Complete E;:i;mic Service
Sewer - Q Highways — Subdivisians — Doms
Gut—fill — . Foundations — Wator — Ere.
Well - gins i’\‘rfr T. FUNNEKOTTER
Sepil P, O, BOX 575
E—— ESCONMDIDO, CALIF., 220248
Other oz 746-2792
Job SOGFE 230 kU LiwE ' Date JF-i2-7¢
Location Towse /S|

Maeterlal for excasvation ean be classifisd as to the method of removael by the
use of Seismic shock waves. The harder the materisl, the faster shock waves
travel, At a veloeity of approximatsly 2500 ft/seec "rippinc" or deep plowing
is necessary --- at velocities upwards of 5000-55C0 ftfsec in granitic areas
rippins itself with a D-9 Caterpillar Bulldozer becomes too difficult and
explosive work is needed., It is possible, then, to decide whether the zround
is rippable, mérginal, or non rippable by the use of Seismic shock waves,

The presence and hich cost of removing rock can be anticipated to help predict
total costs before excavation.

P A
b
L

i | | .
| | | @
' i : |
’ ?-ﬁ : Soe = ! % |
- 0f — : P .& i
T4 [ e
\ | L L | e <
N 1 ‘?ﬁ?f‘ 3600 g6 . _
. 7 R
25" Ql J ﬁf% fuﬂﬂiif B 1
Z ] | MaxigeM | Pevelleniioh

w be womf e

o 4 L ; ; o b
'E B - 36m0F
, s & ¥

A

pEconpatin sRMTE




A g G403

BENTON ENGINEERING, INC. '
APPLIED SOIL MECHANICSE — FOUNDATIONS

G741 Bl CAJON BOULEVARD
BAM DIEGO. CALIFORMIA 92148

AN IS ) SFA.3504
iy bl September 18, 1972 R EARP e

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

Attention: Mr. John Burton

Subject: Project No. 72-2-27A
Addendum to Supplement of
September 11, 1972
Mission-Eseendido Line
San Diego County, California

Gentlemen:

In compliance with your telephonic request, we are submitting herewith our recommended values
of apparent cohesion.(c), angle of internal friction (®), and unit field density (y), to be used in
connection with the design of the foundafien for the proposed Tower 12 of the San Diego Gas &
Eleetric Company "Mission-Eseondido Line." These values of c.and ® were obtained by first =
saturating ofid then shearing soil samples obtained from di fferen'lf‘dépbhs of the boring drilled for
that tower. (The detailed log of the soils encountered in that boring were presented-in the.

 form of Summarny Sheets, Drawing Nos. 1A, 2A and 3A, in-our report dated September11, 1972.)
After being saturated the samples were sheared under varying normal loads between plastic mem-
branies torrestrict drainage; the resulfs of theseshear:tests. are presented as folldws::

Maximum Angle of

Normal Shear Internal Apparent

Load in Load Friction ‘Cohesion

kips/sq ft kips/sq ft Degrees Ib/sq ft
Sample 1 0.5 0.31 16.0 150
Depth: 3.0 feet 1.0 0.34

2.0 0.83 ;
Sample 2 0.5 2«15 35.0 1225
Depth: 8.0 feet 1,0 1.95

2.0 321
Sample 3 0.5 1.54 140 - 1410
Depth: 13.0 feet 1.0 1.69 -

2.0 1.83 e
Sample 4 0.5 0.53 32.0 225
Depth: 18.0 feet 1.0 1.17

2.0 1.78

- -



Project No. 72-2-27A -2- September 18, 1972
“San Dlego Gas & Electric Company

Maximum Angle of

Normal Shear Internal Apparent
Load in Load Friction Cohesion
kips/sq ft kips/sq ft Degrees Ib/sq ft
Sample 5 0.5 2,35 40,0 * 1900
Depth: 28.0 feet 1.476 3.18 ;
2,0 4,35
Sample 8, Depth 50.0 feet 0.5 1.02 38.0 360
Sample 6,. Depth 33,0 feet - 1.0 1.14 :
o 2.0 2.19

* Arbitrarily reduced

The values of unit weight (y) to be used will depend on the intended use. Unit dry densities
are shewn on Drawing Nos. 1A, 2A and 3A referred to above. Unit weights at field moisture
conteént (as of the date of our drilling) and unit weights under conditions of submergence in
ground water, are presented as follows: '

. Unit Weight at Buoyant
Sample Depth _ Field Moisture * Unit Weight
No. in Feet : Soil Type Ib/cu ft Ib/eu ft
1 3.0 Clayey fine sand 81.2 45.7
2 8.0 Clayey fine to medium sand 119.7 64.1
3 13.0 Fine to medium sandy clay 128.0 66,9

4 18.0 Fine to medium sand 110.5 62.1
5 28.0 Clayey fine to medium sand 129.0 69.0
6 33.0 _ Slightly clayey fine to medium sand 130.0 69.0
8 50.0 Slightly clayey fine to medium sand 131.2 68.4

* As of August 28, 1972 :

It is recommended that the values of ¢, @ and y shown in the above tabulations be used for the
soil strata from which the samples were obtained. For the stratum of gravelly fine to medium
sand found between.the depths of 21.5 and 27.0 feet, it is recommended that the values of ¢,
® and y pertaining to Sample 4 be used,

" Respectfully submitted,

Distr: (1) Addressee
BENTON ENGINEERING, INC. (2) Pioneer Service & Engineering Company

Attention: Mr. Stefan Trausch
(Enclosures = 2 copies of our report to
By 2 % San Diego Gas & Electric Company

M. V. Pothier, Civil Engineer Uatwd Septembar 11y 1000)

MVP/ew

FEN o, EnNGINERMING, irdd
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SOILS INVESTIGATION

Proposed Steel Pole
Oceanside Tie Line 697
(Sen Luis Rey=Oceanside 69KV Line)
617 San Luis Rey Drive
Oceanside, Californio

for the
San Diego Gos & Electric Company

Project No. 74-7-10A
August 22, 1974

BENTON ENGINEERING, INC.



BENTON ENGINEERING, INC.
APPLIED SOIL MECHANICS — FOUNDATIONS

6717 COMNVOY COURT
SAN DIEGD. CALIFORMIA 82111

PHILIP HEMKING BENTOMN
PRESIDENT - CIVIL ENGINEER TELEPHOME (714) 5681808

SOILS INVESTIGATION

Introduction

This is to present the results of a soils investigation conducted necr the proposed steel
pole site |Ocal‘er.|.ﬂf 617 San Luis Rey Drive, Oceanside, California. The proposed steel pole is
for Oceanside Tie Line 697 or San Luis Rey-Oceanside 69 KV Line of San Diego Gos & Electric
Company .

The objectives of this investigation were to determine the general subsurface conditions
of the site, and certain physical properties of the soils so that appropriote soil parometers could be
presented for the design of proposed steel pole foundation.

In order to accomplish these objectives, one boring was drilled 11 feet north of the proposed
pole location and undisturbed soil samples were obtained for laboratory testing.

Field Investigotion

The boring was drilled 11 feet northerly of the proposed pole location with ¢ truck-mounted
rotary bucket-type drill rig. The drilled location is approximately 30 feet to the top of the existing
steep slope. The boring was drilled to o depth of 29.5 feet below the existing ground surface. A
continuous log of the soils encountered in the boring was recorded at the time of drilling and is shown
in detail on Drawing Nos. 1 ond 2, each entitled "Summary Sheet."

The soils were visuclly classified by field identification procedures in accordance with the
Unified Soil Clessification Chart. A simplified description of this classification system is presented

in the attached Appendix A at the end of this report.
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Undisturbed samples were obtained ot frequent intervals, where possible, in the soils
ahead of the drilling. The drop weight used for driving the sempling 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 ore described under "Sampling" in Appendix B.

Ripper was used to aid in drilling between depths of 7.0 and 20,5 feet, ond between 25.0
and 29.5 feet because of the presence of high gravel content and high rock frogments. Upon com=
pletion of drilling, the boring was backfilled and the backfilled soils were tamped by the "Kelly"
bar and the bucket of the drill rig.

Laboratory Tests

Laboratory tests were performed on all undisturbed semples of the soils in order to determine
the dry density and moisture content, The results of these tests are presented on Drawing Nos. |
and 2.
The general procedures used for the laboratory tests ore described briefly in Appendix B.
Direct shear tests were performed on selected undisturbed somples that were all soturated

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

Maximum Angle of

Normal Shear Internol Apparent

Load in Load Friction Cohesion

kips/sq ft kips/sq ft Degrees Ib/sq ft
Boring 1, Sample 1 0.5 1.05 40 * 1080
Depth: 5.0 feet 1.0 2.23

2,0 3.84
Boring 1, Sample 5 0.5 0.66 36 300
Depth: 24,0 feet 1.0 1.37

2.0 2.09

* Arbitrarily reduced

Attempts were made to determine the strength characteristics of the somples obtained ot the
depths of 10,0, 14.5, and 19.5 feet, respectively, from this boring. However, the soil somples at

these depths are too rocky to obtain a good testing specimen, and therefore the strength tests of these

BENTON ENGINEERING. INC.
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rocky samples were omitted. It is believed that the strength characteristics of these rocky samples

are more favorable than those tested.

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

Soil Strata

A medium firm, slightly silty fine to medium sand fill wos found in the upper 1.5 feet of
the boring. The fill soils are underlain by o medium loose, slightly silty fine to medium sand to
2.3 feet, and then merged to very firm, slightly clayey fine to medium sand to 4.8 feet. Between
depths of 4.8 and 20.5 feet, o very firm gravelly fine sandy clay loyer was encountered. The
gravelly fine sandy clay layer contained approximately 15 to 50 percent of rock fragments. Approx-
imately 2 feet thickness of solid rock was encountered between depths of 10,0 and 12.0 feet in feet
in this layer.

Below 20.5 feet, a very firm sandy clay layer was encountered to the end of boring at
29.5 feet. No progress in drilling could be made below 29.5 feet because of the presence of o
hard rock layer.

No ground water was encountered in the boring.

Conclusions and Recommendations

The field exploration indicates that the boring location is underlain by an existing man-
made fill and o medium loose slightly silty fine to medium sand topsoil to o depth of 2,3 feet. These
upper fill and medium loose soils are considered not suitable for foundation support.

Field measurements indicate that the ground surface elevation at the boring location is
approximately 6 inches higher than the ground surface elevation at the proposed steel pole location.

Assuming the soil conditions in the proposed steel pole location are similar to those

encountered in the boring drilled, the recommended soil parameters for pole footing design are

on the following page.

BENTON ENGINEERING, INC,
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1. Strength Parameters and Unit Weight of Soils

Tested Recommended Recommended

Depth Below ' Moist Unit Angle of Apparent
Existing Ground Weight of Soils Internal Friction Cohesion
Surface in Feet Ib/cu ft in Degrees Ib/sq ft

ﬂ_ 2‘3 * w *

2.3~ 4.8 135 40 1080
4,8-12.0 141.6 36 300
12.0-17.5 148.6 36 300
17.5-23.0 129.5 36 300
23.0-29.5 123.3 36 300

2. Passive Resistance of Soils

The recommended passive resistonce of soils surrounding the proposed pole footings are

presented below:

Depth Below Recommended
Existing Ground Surface Passive Earth Pressure
in Feet Ib/sq ft
0 0
2.3 0
4.8 500
12.0, ond deeper 1800

The recommended maximum value is 1800 pounds per square foof.

* Not recommended for footing support
Respectfully submitted,

BENTON ENGIMNEERING, INC.

By »
S. H. Shu, Civil Engineer

Distr: San Diego Gos & Electric Company, San Diego
(2) Attention: Mr. Ed Brancheau
San Diego Gas & Electric Company, Carlsbad
(3) Attention: Mr. Lloyd Wilson

SHS/ew

BENTOMN ENGINEERIMG, INC.



San Diego Gas & Electric Cnmpmy.ﬂeumide Tie Line 697

. NAME
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w |wel g3 SUMMARY SHEET wi | gZ2| B85 J o2
L laz| 293 22 | 2F>| 3 | 28¢
I || Qs BORING NO. 1 z | Wwxl oY | Ya?
Ela2] “a3 S.1%82| 8 | »g€
8 3 g | T 84| ==
0 - &
| ] Light Brown, Dry, Medium SLIGHTLY SILTY
1 Firm, Occasional Gravel and  |FINE TO MEDIUM FILL
] Cobbles to 5 Inches SAND t
| ] Light Brown, Dry, Medium, SLIGHTLY SILTY
2_  Loose, Occasional Gravel and |FINE TO MEDIUM
3 obbles to 5 Inches SAND /
_ Red—br.m-m, Moist, Very Firm, SLIGHTLY QLAYEY
4_ Occasional Gravel and Cobbles
B : FINE TO MEDIUM
| to 4 Inches, Partially Cemented SAND
& A15:6 F11.6 121,21
| | Gray-brown with Red-brown,
6 Moist, Very Firm, Occasional
_ | Medium and Coarse Sand Grains,
7 15 to 20 Percent Rock Fragments
y to 2 Inches, Highly Cemented
i 20 to 30 Percent Rock Fragments
9: to 2 Inches
| Light Olive-gray with White |
2 39.0| 7.8(131.5
@ e Streaks GRAVELLY
2 Foot Layer of nearly Solid FINE SANDY
Rock CLAY
. 40 to 50 Percent Rock
w—w Fragments to 2 Inches
43.3| 5.50141.0
= Continued on Drawing MNo. 2
- O - Indicates Undisturbed Drive Sample
: @- Indicates Sample Mot Recovered
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,.y, Oceanside Tie Line 697

San Diego Gas & Electric Com
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oz %.% é‘i% BORING NO. 1 (Cont.) EE §'§E E’E ;'@8
5| 72| g 2o | "2 28 | "8t
o 5 E"- o [
5 =
r Repbed | ight Olive-gray with White
| 16 oo Streaks, Moist, Very Firm,
B medti Occasional Medium and Coarse
i 17 vy Sand Grains, 40 to 50 Percent
] X ¥ Rock Fragments and Cobbles to GRAVELLY
IE; F ¥ %) 8 Inches, Highly Cemented FINE SANDY
o CLAY
19 ~g= 30 to 40 Percent Rock
| @ By Fragments and Cobbles to 4 64.9 | 10.8[117.0
20 Inches
21 e Light Olive-gray, Moist, Very
B Firm, Slightly Cemented
23]
4 beed Light Olive-gray with Light FINE SANDY
== Gray-brown, Occasional CLAY
=~ Medium and Coarse Sand
=~ Grains and Cravel to 3/4 60,0 [60.0| 77.2
N ] |nch
=4 F:I-'-..'d-_?-_;-.
27 S
28 z
0] ROCK
PROJECT NO. DRAWING NO,

74-7-10A
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BENTON ENGINEERING. INC.
APPLIED SOIL MECHANICS — FOUNDATIONS

6717 COMVOY COURT
BAM DIEGO. CALIFORNMNIA 82111

PHILIP HENKING BENTOMN
EREBIDEMT - CIVIL ENCINEER TELEFHONE (714} S65.1088

APPENDIX A
Unified Soil Classification Chart*

SOIL DESCRIPTION GROUP TYPICAL
SYMBOL NAMES

l. COARSE GRAINED, More than half of
material is lcrEer than No. 200 sieve

size.*™
GRAVE LS CLEAN GRAVELS GW Well graded gravels, gravel-sand mixtures,
More than half of littie or no fines.
coarse fraction is GP Poorly groded 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=c lay mixtures.
SANDS CLEAN SANDS Cosw Well graded sand, gravelly sands, little
. More than half of : or no fines.
coarse fraction is SP Poorly groded 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) 5C Clayey sands, poorly graded sand-clay
mixtures.

ll. FIMNE 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 Inorgonic clays of low to medium plas=-
Less than 50 ticity, gravelly clays, sandy clays,
silty clays, lean clays.
oL Orgaonic silts oand organic silty=clays of
low plasticity,
SILTS AND CLAYS MH Inorganic silts, micaceous or diatomaceous
fine sandy or silty soils, elastic silts.
Liguid Limit CH Inorganic clays of high plasticity, fat
Greater than 50 clays.
OH Orgonic clays of medium to high
| . plasticity
Ill.  HIGHLY ORGANIC SOILS PT Peat and other highly organic soils.

*  Adopted by the Corps of Engineers and Bureau of Reclamation in Januvary, 1952.
** All sieve sizes on this chart are U. 5. Standard.
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Sampling

The undisturbed soil samples are obtained by forcing a special sampling tube into the
undisturbed soils at the bottom of the boring; af 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 untjl
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 sgmple 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 opparatus used for the consolidation 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 ot 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 aopplied 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.



