
Appendix 10G

Geologic and Foundation Criteria

10G1 Introduction

This appendix includes the results of the preliminary subsurface investigation, laboratory testing program and geotechnical assessment for the Metcalf Energy Center (MEC) Project to support the Application for Certification (AFC).

This appendix contains a description of the site conditions, field and laboratory testing phases of the investigation, together with the ground water, and foundation related subsurface condi​tions. Preliminary engineering design properties derived from the results of the investigation are discussed. Soil related hazards addressed include soil liquefaction, hydrocompaction (or collapsible soils), and expansive soils. Preliminary foundation and earthwork considerations are addressed based on the results of the site investigation, observations by geotechnical personnel on site and established geotechnical engineering practices.

Information contained in this appendix reflects the codes, standards, criteria and practices generally used in the design and construction of site and foundation engineering systems for the Facility. More specific project information will be developed during execution of the project to support detailed design, engineering, material procurement specification and construction specifications.

10G2 Scope of Work

The scope of geotechnical services for the preparation of this appendix included:

· Developing a boring location plan and specifications for a field and laboratory investigation

· Selecting a drilling and testing subcontractor and technically monitoring the work in the field

· Assigning laboratory tests for representative soil samples

· Preparing boring logs

· Determining current ground water levels

· Preparing this appendix to include an assessment of soils-related hazards, a summary of preliminary foundation and earthwork considerations, and preliminary guidelines for inspection and monitoring of geotechnical aspects of construction

10G3 Site Conditions

The site is located west of Monterey Road (Rt. 82) between Metcalf Road to the north and Bailey road to the south in the area of southern San Jose known as the Coyote Valley. A Union Pacific Rail Road (UPRR) right-of-way (ROW) is immediately adjacent to the eastern boundary of the site. The northern and western boundaries of the site are defined by a stream known as Fisher Creek. Just beyond the stream channel the surrounding grade rises quickly to a high point, known as Tulare Hill at an elevation of 565 feet above sea level. Rock outcrops are visible on the hillside, and a rock cut was observed at the location of the railway and roadway immediately north of the site. The area immediately south of the site is agricultural land. The site is currently accessed near the southern end of the site via a short dirt road that crosses the UPRR ROW from Rt. 82. 

The site topography is relatively flat, except for the slopes going down to Fisher Creek on the north and west sides of the site. Elevations above sea level range from 248 to about 251. The site currently drains towards the north into the existing stream channel.

Currently the property is covered in most areas by grasses and a few scattered trees. In addition, there are several small structures on the site, piles of construction debris, and junked cars and trucks. 

10G4 Subsurface Investigation

The site investigation of MEC has been divided into a preliminary investigation (Phase 1) and a final investigation (Phase 2). The proposed site investigation for both phases is shown on the attached boring location plan, Figure 10G4-1. It was not possible to conduct the full investiga​tion at this time due to numerous existing obstructions on the site. The Phase 1 investigation was designed to provide sufficient information to define the subsurface conditions and determine the preliminary foundation requirements. The Phase 1 subsurface investigation described in this appendix was conducted at the site in April, 1999. The investigation was conducted in accordance with a specification prepared for this project and followed the American Society for Testing and Materials (ASTM) and other applicable standards.

As shown on Figure 10G4-1, five soil borings were drilled at selected locations during the Phase 1 investigation to obtain soil samples, and to perform standard penetration tests (SPT). The subsurface investigation was performed by Treadwell & Rollo (T&R) of San Francisco, California. The drilling was performed for T&R by Pitcher Drilling of Palo Alto. Technical direction of all field operations was provided by a Geotechnical Engineer. The Geotechnical Engineer prepared the boring logs and selected representative soil samples for laboratory testing. The Phase 1 field investigation was started on April 22, 1999 and com​pleted on April 27, 1999. The boring logs are provided in Figures 10G4-2 through 10G4-6.

Approximately 370 linear feet of soil were drilled in the 5 borings. The borings ranged in depth from 46.5 feet to 101.5 feet to provide a preliminary assessment of the subsurface conditions to depths of interest for foundation design and construction.

The borings were drilled using a truck-mounted Failing 1500 drill rig. All borings were drilled using rotary wash methods and a bentonite drilling fluid to maintain a positive pressure and stable borehole. All drillholes were 4-3/4 inches in diameter. A single observation well to a depth of 26 feet was also installed. The observation well was placed in a 6-inch diameter drillhole to provide sufficient annular space for the placement of the sand filter. All field work was done under approved permit No. 99E0078 from the Santa Clara Valley Water District. All boreholes were grouted to the surface upon completion under the supervision of the Water District.

 Standard Penetration Test (SPT) soil samples were obtained in accordance with ASTM D 1586 in the borings by driving a 2-inch OD split-barrel sampler 18 inches with a 140-pound hammer falling freely through a distance of 30 inches. Continuous sampling was conducted to a depth of 15 feet and at 5-foot intervals thereafter. The standard penetration resistance value (N-value) is defined as the number of blows required to drive the split-barrel sampler a total distance of 12 inches, the count being started after a penetration of 6 inches. When the sampler could not be driven the required 12 inches, the standard penetration resistance was shown as the number of blows over the inches actually penetrated.

Additional undisturbed soil samples were obtained by pushing a 3-inch OD Shelby tube into the ground at select depths in accordance with ASTM D1587. The hydraulic pressure required to push the Shelby tubes was measured and recorded on the boring logs. In each case the Shelby tubes were pushed a total of 30 inches. At the end of each day of drilling the collected soil samples were transported to the testing laboratory by T&R.

10G5 Field Electrical Resistivity Survey

No field electrical resistivity survey was conducted on the site during the Phase 1 investigation. During Phase 2, six field resistivity surveys will be conducted. A Wenner four-electrode resistivity array will be used in accordance with ASTM G 57.

10G6 Laboratory Testing Program

Laboratory tests were performed to determine physical, chemical and engineering characteristics of the subsurface soils. These tests included natural moisture content, grain size analyses, index properties, pH, sulfate and chloride contents, unconsolidated-undrained triaxial strength tests, and consolidation tests. All testing was assigned by the Geotechnical Engineer. The index and soil strength and consolidation testing was performed using applicable ASTM Standards or other accepted procedures. Laboratory test results, as they relate to the assessment of soil-related hazards, are discussed in Section 10G7.0. A summary of the laboratory testing results is attached as Table 10G6-1. 

10G7 Site Subsurface Conditions

10G7.1 Physiography and Geology

The site physiography and geology are discussed in detail in Section 8.15 of the AFC. 

The boreholes drilled at the site encountered soils that are derived from Recent to Quaternary Age sediments typical of fluvial and alluvial origin. These sediments ranged from fine-grained clays and silts to coarse-grained sands and gravels. The encountered conditions are as expected based on the geological characterization of the area described in Section 8.15.1.2.2 of the AFC. To the depth explored (approximately 100 feet) these soils indicated considerable variability from location to location within the site, as would be expected in a river valley such as the Coyote Valley. The variation noted is a strong indication of repeated erosional and depositional history in the river valley. Only one boring, B-105, was extended into the top of the underlying bedrock at a depth of about 58 feet (El. 193.0 ft.-msl.) Although no coring of the rock was performed, the drill cuttings 

Table 10G6-1

appeared to be greenstone and chert, which again is consistent with the geologic history of the site as discussed in Section 8.15.1.2 of the AFC. 

10G7.2 Seismology

The site seismology is included in Section 8.15.1.3 of the AFC. The location of the site in Seismic Zone 4 implies a horizontal acceleration of 0.4g for use in earthquake resistant design.

10G7.3 Stratigraphy

Based on the Phase 1 investigation, the subsurface profile is characterized by five (5) major soil layers overlying the bedrock. As discussed below, not all five soil layers were encountered at all drillhole locations. The soil layers are described in the following paragraphs.

Soil Layer I

This layer consists of generally dark brown, silty soils. These soils classify mostly as low plasticity silt (ML). Soils in this layer extended to depths of about 7 to 10 feet below existing grade. Organic material and roots were generally limited to the upper few inches in this layer. The SPT blow counts ranged from 4 to 30 blows per foot (bpf) with an average of 14 bpf. This soil layer was encountered in all five drillholes.

Soil Layer II

This layer consists of a brown and gray mottled silty clay that classified as a CL material. This soil layer was encountered in three drillholes (B-105, B-106, and B-113). Soils in this layer extended to depths of about 7 to 75 feet below existing grade. When encountered, this layer was found directly below the upper silty soils. The SPT blow counts in the Layer II soils ranged from 3 to 22 bpf, with an average value of 10 bpf.

Soil Layer III

This layer consists of a brownish gray fine to coarse sand and gravel with some silt. These soils classify mostly as a SP-GP material. This soil layer was encountered in three drillholes (B-110, B-113, and B-114). Soils in this layer extended to depths of about 5 to 45 feet below existing grade. In two drillholes (B-110 and B-114), this layer was found directly below the upper silty soils, while in B-113 the sands and gravels were encountered below Soil Layer II. The SPT blow counts in the Layer III soils ranged from 11 to 74 bpf, with an average value of 38 bpf, indicating the sands and gravels are medium dense to very dense. The gravels in this layer were found to be rounded to subrounded with the exception of a 10-foot thick zone in B-113 where the gravels were more angular.

Soil Layer IV

This layer consists of a gray clay. These soils classify mostly as CL material. This soil layer was encountered in two drillholes (B-110 and B-113). In B-110 this layer was found directly below the Soil Layer III sand and gravels from a depth of 75 feet to 100 feet, while in B-113 the gray clay was found as a layer within the sand and gravels. The SPT blow counts in the Layer IV soils ranged from 15 to 35 bpf, with an average value of 25 bpf. 

Soil Layer V

This layer consists of a brown silty clay that classified as a CL material with fine rounded gravel particles. It is believed that this soil layer is a residual soil of the underlying bedrock. This soil layer was encountered in three drillholes (B-105, B-106, and B-110). In two drillholes (B-105 and B-106), this layer was found directly below the brown and gray mottled silty clay soils, while in B-110 the residual soils were encountered below the Soil Layer III sand and gravels. The SPT blow counts in the Layer V soils ranged from 12 to 64 bpf, with an average value of 31 bpf.

Bedrock

As determined from the drill cuttings, the bedrock appears to be greenstone, which is consistent with the local geology as discussed in Section 8.15 of the AFC. The rock was encountered in B-105 at a depth of 58 feet. 

Within the split-barrel and Shelby tube soil samples that were recovered, there was no observed evidence of displacement (faulting) in the soil profile.

10G7.4 Ground Water

During the Phase 1 subsurface exploration, a single temporary ground water observation well was installed adjacent to the location of B-110 to determine the static water table surface. The observation well was installed under permit No. 99W00354 from the Santa Clara Valley Water District. The piezometers consisted of a 10-foot length of Schedule 40 PVC well casing (0.020 inch machine cut slots) inserted into a 6-inch diameter open borehole with the annulus backfilled with silica sand to two feet above the screen section. Above the sand, a 2-foot thick bentonite seal was placed, and then a grout seal was placed to the ground surface. The screen section of the well was placed 15 to 25 feet below the ground surface and a riser pipe was extended to 1.5 feet above the ground surface. 

A log of the observation well is attached as Figure 10G7-1. Initial water level measurements taken in the well indicate that the ground water level is 12.5 feet below the ground surface (El. 237.2 ft.-msl.) The well must be decommissioned at the time of construction in accordance with the approved procedures of the Water District. 

Water levels, although monitored in any open boreholes at the beginning of each day or after periods of inactivity and noted on the borehole logs, may not be accurate since all the drillholes were advanced using a bentonite drilling fluid. The ground water level in the observation well will continue to be monitored over the next six months. A series of slug tests were conducted in the well with a resulting permeability of about 4 x 10-2 cm/sec. This permeability is representative of the sand and gravel layer (Soil Layer III). 

10G7.5 Soil Profile Type

Based on the 1998 California Building Code (Reference 1), the Soil Profile Type where the sand and gravel deposits were found directly below the upper silty soils can be classified as a Type SD (Stiff Soil Profile). Through the remainder of the site, where the brown and gray mottled clay is found directly below the silty soils, the Soil Profile Type can be classified as a SE (Soft Soil Profile). 

10G8 Assessment Of Soil-Related Hazards

10G8.1 Liquefaction

Soil liquefaction is a process by which loose, saturated, granular deposits lose a significant portion of their shear strength due to pore water pressure buildup resulting from cyclic loading, such as that caused by an earthquake. Soil liquefaction can lead to foundation bearing failures and excessive settlements when:

· The design ground acceleration is high (up to 0.4g)

· The water level is relatively shallow

· Low SPT blow counts are measured in granular deposits (suggesting low soil density)

The results of the Phase 1 investigation indicate no soils with a potential for liquefaction. 

10G8.2 Expansive Soils

Soil expansion is a phenomenon by which clayey soils expand in volume as a result of an increase in moisture content, and shrink in volume upon drying. Expansive soils are usually identified with index tests, such as percentage of clay particles and liquid limit. It is generally accepted that soils with liquid limits larger than about 50 percent, i.e., soils that classify as high plasticity clays (CH) or high plasticity silts (MH), may be susceptible to volume change when subjected to moisture variations.

Laboratory test results for representative soil samples within the zone around the ground water table indicated that the upper, near surface soils at the site generally classify as silty sands and sandy silts (ML and SP-GP). These soils are considered non-swelling and the potential for soil expansion at the site is virtually nil.

10G8.3 Collapsible Soils

Soil collapse (hydrocompaction) is a phenomenon that results in relatively rapid settlement of soil deposits due to addition of water. This generally occurs in soils having a loose particle structure cemented together with soluble minerals or with small quantities of clay. Water infiltration into such soils can break down the interparticle cementation, resulting in collapse of the soil structure. Collapsible soils are usually identified with index tests, such as dry density and liquid limit, and consolidation tests where soil collapse potential is measured after inundation under load.

Based on the available data, the potential for soil collapse at the site is remote.

10G9 Preliminary Foundation Considerations

10G9.1 General Foundation Design Criteria

For satisfactory performance, the foundation of any structure must satisfy two independent design criteria. First, it must have an acceptable factor of safety against bearing failure in the foundation soils under maximum design load. Second, settlements during the life of the structure must not be of a magnitude that will cause structural damage, endanger piping connections or impair the operational efficiency of the facility. Selection of the foundation type to satisfy these criteria depends on the nature and magnitude of dead and live loads, the base area of the structure and the settlement tolerances. Where more than one foundation type satisfies these criteria, then cost, scheduling, material availability and local practice will probably influence or determine the final selection of the type of foundation.

An evaluation of the information collected from the SPT borings, laboratory testing, and visual observations made during the Phase 1 site investigation indicate that no adverse foundation related subsurface and ground water conditions were encountered that would preclude the construction and operation of the proposed plant. Thus, the site can be considered suitable for development of the proposed plant, pursuant to the preliminary foundation and earthwork considerations discussed in this appendix.

10G9.2 Selection of Foundation Type

It is important to note that due to the variation in subsurface conditions, the types of founda​tions used in one area of the site will vary from those used in other areas on this site. Based on the results of the Phase 1 investigation, three foundation schemes will be used as follows:

· Where the sand and gravel (Soil Layer 3) was found directly below the upper silty soils, mat foundations and spread footings placed directly on this layer can be used to support lightly to heavily loaded structures.

· Where the sequence consists of sand and gravel (Soil Layer 3) below the brown and gray clay (Soil Layer 2) and the upper silty soil layer, piles driven into the sand and gravel layer can be used to support heavy equipment and settlement sensitive foundations. Lightly loaded structures can be placed directly on the upper silty soils or the clays as discussed below.

· Where the sequence consists of residual soils (Soil Layer V) underlying the brown and gray clay (Soil Layer 2), piles driven into the residual soils can be used to support heavy equipment and settlement sensitive structures. Lightly loaded structures can be placed directly on the upper silty soils or clays as discussed below.

During the Phase 2 site investigation, it will be necessary to carefully determine the boundaries between each of the soil sequences to determine the correct and most economical foundation type. 

10G9.3 Deep Foundations

As indicated above, at locations where the brown and gray clay was encountered near the surface it will be necessary to support the heavy equipment and settlement sensitive foundations on deep foundations. The consolidation characteristics of this layer under foundation loads of up to 4,000 pounds per square foot (PSF) would result in unacceptable settlement of the foundation.

Where piles are needed, it is anticipated that the installed depth will be between 50 to 60 feet below existing grade, and the piles will bear either into the sand and gravel layer or the residual soil. In some cases, if the residual soil layer is less than 20 feet thick, the piles could be driven to the top of the rock. A typical pile could be a 12-inch or 14-inch square precast-prestressed concrete pile. These types of piles are expected to develop allowable loads of 60 to 80 tons in compression, 20 tons in uplift, and 4 tons laterally. These allowable loads will be further developed after the Phase 2 investigation, and in all cases be confirmed through a load test program to be completed before production installation.

10G9.4 Shallow Foundations

Where the sand and gravel layer is near the surface, equipment and structures can be supported directly on this layer. Preliminary calculations indicate that loading up to 4,000 PSF can be placed on this layer with acceptable levels of settlement. Where the brown clay underlies the upper silt, spread footings and mat foundations with loads up to 2,000 PSF can be used with acceptable levels of settlement. Shallow foundation construction will require the earthwork measures discussed in section 10G9.0.

Allowable bearing pressures will include a safety factor of at least 3 against bearing failures. Settlements of footings are expected to be limited to 1 inch, and differential settlement between neighboring foundations to less than 1/2 inch. Tanks can usually undergo much larger settlements.

Frost depth is estimated to be less than 5 inches at the site (Reference 2). Exterior foundations and foundations in unheated areas should be placed at a depth of at least 1 foot below the ground surface for protection. Interior footings in permanently heated areas can be placed at nominal depths. The minimum recommended width is 3 feet for spread footings and 2 feet for wall footings.

10G9.5 Corrosion Potential and Ground Aggressiveness

The laboratory test results, shown on Table 10G6-1, indicate the site soils to be non-corrosive for buried steel based on the chloride content and pH values. The sulfate content of the soil samples indicates that no special precautions are required for protection of the concrete foundations. 

10G10 Preliminary Earthwork Considerations

10G10.1 Site Preparation and Grading

After removal of all existing structures, trees, and debris from the site construction areas, the subgrade preparation should include the complete removal of all vegetation and topsoil. The majority of the vegetation on site consists of grasses and weeds with a maximum root depth of a few inches. Topsoil can be stockpiled and may be reused in remote areas of the site where no future construction is expected. 

As shown on Figure 8.14-5, Proposed Drainage Facilities, site grading will include some minor fills to bring the site to a level grade. The site fill work should be performed as detailed below. All soil surfaces to receive fill should be proof rolled with a heavy vibratory roller or a fully-loaded dump truck to detect soft areas. 

10G10.2 Temporary Excavations

It is anticipated that confined temporary excavations at the site will be required during construction for the installation of the circulation water pipes and the cooling tower forebay. All excavations should be sloped in accordance with OSHA requirements. Sheet piling could also be used to support any excavation. The need for internal supports in the excavation will be determined based on the final depth of the excavation. Any excavation below the water table should be dewatered using well points installed prior to the start of excavation.

10G10.3 Permanent Slopes

At this time no permanent slopes are planned for the Metcalf site.

10G10.4 Backfill Requirements

All fill material must be free of organic matter, debris or clay balls, with a maximum size not exceeding 2 inches. Structural fill must also be well graded and granular. Granular material with similar specifications can be used for pipe bedding, except that the maximum size should not exceed 1/2 inch. Based on the available site grading, it is not anticipated that any fill material would be available from on-site.

Structural fill should be compacted to at least 95 percent of the maximum dry density as determined by ASTM D 1557 when used for raising the grade throughout the site, below footings or mats, or for rough grading. Fill placed behind retaining structures may be compacted to 90 percent of the maximum dry density as determined by ASTM D 1557. Initially, structural fill should be placed in lifts not exceeding 8 inches loose thickness. Thicker lifts may be used pursuant to approval based on results of field compaction performance. The moisture content of all compacted fill should fall within 3 percentage points of the optimum moisture content measured by ASTM D 1557.

Pipe bedding can be compacted in 12-inch lifts to 90 percent of the maximum dry density as determined by ASTM D 1557. Common fill to be placed in remote and/or unsurfaced areas may be compacted in 12-inch lifts to 85 percent of the maximum dry density as determined by ASTM D 1557.

10G11 Inspection and Monitoring

A California-registered Geotechnical Engineer or Engineering Geologist should monitor geotechnical aspects of foundation construction and/or installation, and fill placement. At a minimum the Geotechnical Engineer/Engineering Geologist should monitor the following activities:

· All surfaces to receive fill should be inspected prior to fill placement to verify that no pockets of loose/soft or otherwise unsuitable material were left in place and that the subgrade is suitable for structural fill placement.

· All fill placement operations should be monitored by an independent testing agency. Field compaction control testing should be performed regularly and in accordance with the applicable specification to be issued by the Geotechnical Engineer.

· All pile load testing and initial stages of production pile installation must be witnessed by the Geotechnical Engineer.

· Settlement monitoring of significant foundations and equipment is recommended on at least a quarterly basis during construction and the first year of operation, and then semi-annually for the next two years.

10G12 Site Design Criteria

10G12.1 General

The Facility will be located near the southern limits of the City of San Jose, California. The approximate 14 acres (900’ x 650’) site is relatively flat, with no existing permanent type of structures. The site is accessible from Route 82, Monterey Road.

10G12.2 Datum

The site grade varies between El. 248 to 250 ft.-msl. Based on the 1929 National Geodetic Vertical Datum (NGVD). Final site grade will be El. 252.0 ft.-msl.

10G13 Foundation Design Criteria

10G13.1 General

Reinforced concrete structures (spread footings, mats and deep foundations) will be designed consistent with Appendix 10B.

Allowable soil bearing pressures for foundation design will be in accordance with this Appendix. 

10G13.2 Ground Water Pressures

Hydrostatic pressures due to ground water or temporary water loads will be considered.

10G13.3 Factors of Safety

The factor of safety for structures, tanks and equipment supports with respect to overturning, sliding, and uplift due to wind and buoyancy will be as defined in Appendix 10B, Structural Engineering Design Criteria.

10G13.4 Load Factors and Load Combinations

For reinforced concrete structures and equipment supports, using the strength method, the load factors and load combinations will be in accordance with Appendix 10B, Structural Engineering Design Criteria.
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