

































































































































































































































































































































































































































































SBC—Report of Geotechnical Investigation August 4, 2005
MACTEC Project 4953-05-2021

3.0 FIELD EXPLORATION AND LABORATORY TEST RESULTS

3.1 FIELD EXPLORATION

The soil and ground-water conditions beneath the site of the proposed cooling tower was explored
by drilling one boring at the location shown on Figure 1. The boring was drilled to a depth of 30
feet below the existing grade using 16-inch-diameter bucket-type drilling equipment. Caving and
raveling of the boring walls did not occur during drilling; casing or drilling mud was not used to

extend the boring to the depth drilled.

The soils encountered were logged by our field technician, and undisturbed and bulk samples were
obtained for laboratory inspection and testing. The log of the boring is presented on Figure 2; the
depths at which undisturbed samples were obtained are indicated to the left of the boring log. The
number of blows required to drive the sampler 12 inches and the hammer weight and drop are
indicated on the boring log. The soils are classified in accordance with the Unified Soil

Classification System described on Figure 3.

3.2 LABORATORY TEST RESULTS

The field moisture content and dry density of the soils encountered were determined by performing

tests on the undisturbed samples. The results of the tests are shown to the left of the boring log.

To determine the strength of the soils encountered, direct shear tests were performed on selected
undisturbed samples. The tests were performed at field moisture content and after soaking to near-
saturated moisture content and at various surcharge pressures. The yield-point values determined

from the direct shear tests are presented on Figure 4, Direct Shear Test Data.

Confined consolidation tests were performed on two undisturbed samples to determine the
compressibility of the soils. The samples were tested at field moisture content. The results of the

tests are presented on Figure 5, Consolidation Test Data.

The optimum moisture content and maximum dry density of the upper soils were determined by

performing a compaction test on a sample obtained from the boring. The test was performed in
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accordance with the ASTM Designation D155 method of compaction. The results of the test are

presented on Figure 6, Compaction Test Data.

The Expansion Index of the upper clay soils was determined in accordance with the ASTM
Designation D4829 method. The results of the test are shown in Figure 7, Expansion Index Test
Data.

To provide data for paving design, a stabilometer (R-value) test was performed on a sample of the
upper soils. The results of the test, which indicated an R-value of less than 5, are presented on

Figures 8.1 and 8.2.

4.0 SITE AND SOIL CONDITIONS

The site of proposed building is currently paved and used for parking. Underground utility lines

may cross the site.

Fill soils, about 2 feet thick, were encountered in the exploration boring. The fill soils consist of
clayey sand and silty clay and are not uniformly well compacted. Deeper and/or poorer quality fill

could occur elsewhere at the site.

The natural soils beneéth the site to the depth explored by our boring consist primarily of cohesive
silty clay underlain by granular silty sand deposits. The cohesive clay soils are generally stiff and
the granular silty sand deposits are dense. The upper silty clay soils have high expansion potential
and would swell and shrink within changes in the moisture content. In addition, the upper clay
soils underlying the site are at a moisture content that is higher than their optimum moisture

content.

Ground water was not encountered within the 30-foot deep boring drilled.

5.0 LIQUEFACTION POTENTIAL

Liquefaction potential is greatest where the ground water level is shallow, and loose granular

sandy soils occur within a depth of about 50 feet. Liquefaction potential decreases as grain size
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and clay and gravel content increase. As ground acceleration and shaking duration increase during

an earthquake, liquefaction potential increases.

Based on the State of California Seismic Hazard Zones (Torrance Quadrangle Official Map,
March 29, 1999), the subject site is not in a liquefiable zone. Therefore, the potential for

liquefaction and the associated ground deformation beneath the site is considered to be very low.

6.0 RECOMMENDATIONS

6.1 FOUNDATIONS
General

The existing fill soils at the site are not suitable for support of the proposed cooling tower
structure. The upper natural soils consist generally of cohesive stiff clay and the proposed cooling
tower unit may be supported on a mat-type foundation and the enclosure wall may be supported on
shallow spread footing, as planned. If the grading recommendations presented in the report are

followed the footing and the mat may be established in properly compacted and/or natural soils.

The floor slab surrounding the mat may be supported on grade. However, as previously stated, the
upper clay soils have relatively high expansion potential; therefore, we recommend a layer of
relatively non-expansive soils be placed beneath the mat and the surrounding slab. The layer of
non-expansive soils will not be necessary beneath the footing supporting the enclosure wall or

beneath the areas to be paved with asphalt and concrete paving.

Recommendations for grading are presented in a following section. The reworking of the upper

soils and the compaction of all required fill should be observed by a representative of our firm.

Bearing Values

The spread footing for the wall enclosure established in either properly compacted fill and/or the
undisturbed natural soils, may be designed to impose a net dead-plus-live load pfessure of up to

1,000 pounds per square foot. The mat-type foundation to support the cooling tower unit,
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established in properly compacted fill and/or the undisturbed natural soils may be designed to
impose a net dead-plus-live load pressure of up to 750 pounds per square foot. Spread footings
should extend at least 1'% feet below the top of the slab or the adjacent asphaltic paving. The mat

should also be structurally separated from the surrounding slab.

A one-third increase in the bearing values may be used for any wind or seismic loads. When
determining the downward loads on the foundations, the weight of concrete in the foundations
below grade may be taken as 50 pounds per cubic foot, and the weight of soil backfill may be

neglected.

While the actual bearing value of the compacted fill will depend on the materials used and the
compaction methods employed, the quoted bearing values will be applicable if acceptable soils are
used and are compacted as recommended. The bearing value of the compacted fill should be

confirmed during grading.

Settlement

We estimate the settlement of the wall enclosure supported on a spread footing in the manner
recommended, will be about 'z inch or less. The settlement of the mat foundation supporting the
cooling tower unit is estimated to be about % inch. Differential settlement between the mat and the

adjacent footing is expected to be % inch or less.

Lateral Loads

Lateral loads may be resisted by soil friction against the footing, thc mat foundation, and the slab,
and by the passive resistance of the soils. A coefficient of friction of 0.4 may be used between the
spread footing and the mat and the slab, and the supporting soils. The passive resistance of the
undisturbed natural soils or properly compacted fill against foundations may be assumed to be 250
pounds per cubic foot. A one-third increase in the passive value may be used for wind or seismic

loads.
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The passive resistance of the soils and the frictional resistance between the foundations and the
slab, and the supporting soils may be combined without reduction in determining the total lateral

resistance.

Foundation Observation

To verify the presence of satisfactory soils at design elevations, all footing excavations should be
observed by personnel of our firm. Footings should be deepened as necessary to reach satisfactory
supporting soils. The sides of foundation excavations deeper than 4 feet should be sloped back
at 1:1 or shored for safety. Adjacent to any existing structure or underground utilities, the bottom
of any unshored excavation should be restricted so as not to extend below a plane drawn
downward at 1'2:1 (horizontal to vertical) from the foundation bottoms of the existing structure or

underground utilities.

Backfill around and over footings and utility trench backfill within the cooling tower area should

be mechanically compacted; flooding should not be permitted.

Inspection of the foundation excavations may also be required by the appropriate reviewing
governmental agencies. The contractor should be familiar with the inspection requirements of the

reviewing agencies.

6.2 SITE COEFFICIENT AND SEISMIC ZONATION

The site coefficient, S, can be determined as established in the Earthquake Regulations under
Section 1629 of the 2001 Edition of the California Building Code (CBC) for seismic design of the
proposed cooling tower. Based on a review of the local soil and geologic conditions, the site may

be classified as Soil Profile Sp, as specified in the 2001 CBC. The site is located within CBC

v Seismic Zone 4.

The site is near the Palos Verdes fault, which has been determined to be a Type B seismic source
by the California Division of Mines and Geology. The proposed cooling tower is located at a

distance of about 5 kilometers from the Palos Verdes fault according to Map M-33 (ICBO, 1998).
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At this distance for a seismic source Type B, the near source factors, N, and Ny, are to be taken as

1.05 and 1.27, respectively, according to Tables 16-S and 16-AR of the 2001 CBC.

6.3 MAT AND SLAB SUPPORTS

If the subgrade is prepared as recommended in the following section on grading, the mat
supporting the cooling tower unit and the slab surrounding the mat may be supported on grade. As
previously stated, the upper on-site clay soil has a high expansion potential. Therefore we
recommend that the upper clay soils be removed such that the mat and the surrounding slab are
underlain by at least 15 feet of relatively no-expansive soils with an Expansion Index of less than
35. The non-expansive soils will not be required beneath the spread footing and beneath the

asphaltic or concrete paving.

Since construction activities and exposure to the environment may cause deterioration of a
prepared subgrade, we recommend that our field representative observe the condition of the final .
subgrade soils immediately prior to mat and slab construction and, if necessary, perform further

density and moisture content tests to determine the suitability of the final prepared subgrade.

6.4 PAVING
General

To provide support for paving, the subgrade soils should be prepared as recommended in Section
6.5. Compaction of the subgrade to at least 90%, including trench backfills, will be important for
paving support. The preparation of the parking area subgrade should be done immediately prior to
the placement of the base course. Proper drainage of the paved areas should be provided since this

will reduce moisture infiltration into the subgrade and increase the life of the paving.

To provide information for paving design, stabilometer (R-value) test was performed on a sample
of the upper soils, The results of the test, which indicated an R-value of less than 5, are presented

on Figures 8.1 and 8.2.
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Asphaltic Paving

The required asphaltic paving and base course thickness will depend on the anticipated wheel
loads and volumc of tratfic (I'raffic Indcx). Thc rccommended paving scctions for a range of
Traffic Indices and type of traffic are presented below. The paving sections were determined using

the Caltrans design method.

Assumed Traffic Index Asphaltic Paving Base Course

(Inches) (Inches)
4 (Automobile Parking) 3 6
5 (Driveways with Light Truck Traffic) 4 7
6 (Roadways with Heavy Truck Traffic) 5 8

Careful inspection is recommended to venfy that the recommended thicknesses or greater are
achieved and that proper construction procedures are used. We could provide paving sections for

other Traffic Index values if desired.

Portland Cement Concrete Paving

Portland cement concrete paving sections were determined in accordance with procedures
developed by the Portland Cement Association. Concrete paving sections for a range of Traffic
Indices are presented in the following table. We have assumed that the Portland cement concrete

will have a compressive strength of at least 3,000 pounds per square inch.

Assumed Concrete Paving Base Course
Traffic Index (Inches) (Inches)
4 (Automobile Parking) ) 4
5 (Driveways with Light Truck Traffic) 8 4
6 (Roadways with Heavy Truck Traffic) 8% 4

We recommend that the concrete paving be properly reinforced. In addition, dowels are

recommended at joints in the paving to reduce possible offsets.

Base Course

The base course for both asphaltic and concrete paving should meet the specifications for Class 2

Aggregate Base as defined in Section 26 of the latest edition of the State of California Department
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of Transportation, Standard Specifications. Alternatively, the base course could meet the
specifications for untreated base as defined in Section 200-2 of the latest edition of the Standard
Specifications for Public Works Construction. The base course should be compacted to at

least 95%.

6.5 GRADING
General

To provide support for the spread footing, the mat foundation and the slab surrounding the mat, all
the existing fill and disturbed and loose natural soils within the construction area and 3 feet
beyond in plan, should be excavated and replaced as properly compacted fill. The upper clay soils
are expansive and we recommend the placing of at least 1" feet of non-expansive soils beneath the
mat and the surrounding slab. The layer of non-expansive soils will not be necessary beneath the
spread footing and asphaltic and concrete paving. Adjacent to any existing structure, the
éxcavation should be restricted so as not to endanger the existing structure. Any required
additional fill should be properly compacted. Based on the laboratory test data, the upper soils

have relatively high moisture contents and drying of these soils may be required.

Site Preparation and Compaction

After clearing the site and removing the existing fill and loose and disturbed natural soils, the
upper clay soils beneath the mat and surrounding slab should be excavated to allow the placement
of ‘at least 1% feet of relatively non-expansive soils beneath the mat and slab. Next, the moisture
content of the exposed soils should be determined and the soils slowly and uniformly moistened
(or dried), as necessary, to bring the soils to a uniformly moist condition. The moisture content of
the clayey soils should be brought to between 2% and 4% over optimum moisture content to a

depth of at least 6 inches.

After moisture conditioning, the exposed soils should be rolled with heavy compaction equipment.
The upper 6 inches of exposed natural soils should be compacted to at least 90% of the maximum
density obtainable by the ASTM Designation D1557 method of compaction. If the exposed soils
are too wet to compact, the exposed soils should be overexcavated and replaced with at least 1 foot

of 1'2-inch crushed rock to provide a base for the compaction of the required backfill.

10
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After compacting the exposed natural soils or placing the layer of crushed rock, the required fill
should be placed in loose lifts not more than 8 inches thick and compacted to at least 90%. It is
recommended that the moisture content of the on site clayey and silty soils at the time of
compaction be brought to between 2% and 4% over optimum moisture content. The relatively non-
expansive soils should be compacted to a moisture content varying no more than 2% below or

above optimum moisture content.

Material for Fill

The on-site soils, less any debris or organic matter, may be used in required fills. The clay soils
should not be placed within 1'% feet of the subgrade beneath the mat and slab. Any required
imported fill and at least the upper 1% feet of fill should consist of relatively non-expansive soils
with an Expansion Index of less than 35. Any import material should contain sufficient fines

(binder) so as to be relatively impermeable and provide a stable subgrade when compacted.

Field Observation

The reworking of the upper soils and the compaction of all required fill should be observed and

tested by a representative of our firm. The observation and testing should include:

e Observe the clearing and grubbing operations for proper removal of all
unsuitable materials.

e Observe the exposed subgrade in areas to receive fill and in areas where
excavation has resulted in the desired finished subgrade, observe proofrolling,
and delineate areas requiring overexcavation.

¢ Perform visual observation to evaluate the suitability of on-site and import
soils for fill placement; collect and submit soil samples for required or

recommended laboratory testing where necessary.

e Perform field density and compaction testing to determine the percentage of
compaction achieved during fill placement.

e Observe and probe foundation materials to confirm that suitable bearing
materials are present at the design foundation depths.

11
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The governmental agencies having jurisdiction over the project should be notitied prior to
commencement of grading so that the necessary grading permits may be obtained and

arrangements may be made for the required inspection(s).

7.0 BASIS FOR RECOMMENDATIONS

The recommendations provided in this report are based on our understanding of the described
project information and on our interpretation of the data collected during the subsurface
explorations. We have made our recommendations based on experience with similar subsurface
conditions under similar loading conditions. The recommendations apply to the specific project
discussed in this report; therefore, any change in the proposed cooling tower configuration, loads, -
location, or the site grade should be provided to us so we may review our conclusions and

recommendations and make any necessary modifications.

The recommendations provided in this report are also based on the assumption that the necessary
geotechnical observations and testing during consiruction will be performed by representatives of
our firm. The field observation services are considered a continuation of the geotechnical
investigation and essential to determine that the actual soil conditions are as anticipated. This also
provides for a procedure whereby the client can be advised of unanticipated or changed conditions
that would require modifications of our original recommendations. In addition, the presence of our
representative at the site provides the client with an independent professional opinion regarding
the geotechnically-related construction procedures. If another firm is retained for the geotechnical
observation services, our professional responsibility and liability would be limited to the extent

that we would not be the geotechnical engineer of record.

gj
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RESISTANCE R-VALUE TESTING RESULTS

(Cal Test 301)

Date: : 8/4/2005
Project No.: 4953-05-2021.02
Project: JTC »for BBC)
Depth: P31 : Sample Number: 1
Material Description: Light brown Silty Clay - :
Tasted by: NS
Chacked by: LC
Remarks: SD Lab #16768

TI=4.5
Test specimen number 1 2 3
Compaction pressure (psi): 130 20 520
Wet weight (gms): ’ 1320.0 13%90.0 . 1380.0
Dry weight (gms): ri11.7 ITEL. T Ll
Tare weight (gms) 0.0 0.0 0.0

Exudation load (1bs.)
Total weight (gms.):
Mold weight (gms.):
Initial expansion (x10,000)
Final expansion (x10,000})
Expansion pr

Ph at 2000 1bs.:

R-Value at 300 psi exudation pressure =1.5

MACTEC Engineering and Consulting, Inc.

FIGURE 8.1
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