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EXECUTIVE SUMMARY

The evaluation of the potential lateral and vertical migration of contaminants through the Young
Bay Mud and into the underlying A-Sand Zone at the San Francisco International Airport (SFIA)

consisted of the following tasks:

° Preparation of a Bay Mud thickness map, a historic tidal stream channel map, and

six geologic profiles.

® Calculations for each of five conceptual case models to estimate the potential rate
of infiltration and mass transfer of contamination from the A-Fill Zone, through

the Young Bay Mud, and into the A-Sand Zone.

® Development of analytical computer models to evaluate the hypothetical

migration of contaminants laterally through the A-Sand Zone.

Young Bay Mud deposits in excess of five feet thick prevail over the vast majority of the SFIA
area. However, three small areas of relatively thin (two to 4 feet thick) Young Bay Mud deposits

have been identified.

From review of the six geologic profiles and the Bay Mud thickness map it is apparent that
excessive scouring of the Young Bay Mud did not occur within the former tidal stream channels
and the thickness of the Young Bay Mud beneath the tidal stream channel areas has not been
significantly reduced. Materials encountered in borings drilled within the former tidal stream
channels were not distinguishable from the relatively low permeability A-Fill Zone materials.
Continuous deposits of clean sand, or other highly permeable materials which may provide
corridors for groundwater and contaminant movement, were not observed in the borings

reviewed.
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Computer analysis of five conceptual case models (Natural Features, Intact Piles, Degraded
Piles, Boreholes, and Excavations) was performed to evaluate contaminant migration along these
potential pathways. The development of each conceptual case was based upon conservative
assumptions. This resulted in the generation of idealized models of contaminant migration with
conditions that are worse (more conducive to contaminant migration) than any that have been
encountered at the site. The results of the evaluation indicated that no significant levels of
contamination would be introduced into the A-Sand Zone as a result of any of these unlikely and

conservative scenarios.

Among the five conservative scenarios evaluated, the Case 1 scenario (an idealized, sand-filled
tidal channel partially penetrating the Bay Mud) was determined to yield the highest levels of

potential contamination to down gradient receptors.

Computer modeling was performed on the Case 1 scenario using chemical specific input
parameters to simulate the migration of 13 indicator chemicals (chlorinated organic compounds).

The duration of the simulation was limited to 1000 years.

The purpose of the chemical specific computer modeling was to determine which of the indicator
chemicals would yield the highest potential levels of dissolved contamination to downgradient
receptors. Potential concentrations of chloroform, 1,2-dichloroethene, and vinyl chloride were
the highest (at levels well below 1 ppb). Computer modeling of the remaining indicator
chemicals resulted in levels of potential contamination below practical analytical laboratory

detection or quantification limits.

Additional computer modeling was performed using various initial concentrations of the
chemical yielding the highest levels of contamination for the Case 1 modeling (1,2-
dichloroethene). The results of this modeling indicated that even at initially high concentrations

of 1,2-dichloroethene dissolved in groundwater (up to 10,000 ppb or 10 ppm), the maximum
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potential downgradient concentration in groundwater after 1,000 years would not exceed 1 ppb at

lateral migration distances of 1,000 feet or greater.

In summary, five conceptual case models (developed from very conservative assumptions) were
evaluated. Of the five cases evaluated, it was determined that a highly idealized, sand-filled,
tidal stream channel partially penetrating the Bay Mud presented the greatest theoretical risk to
downgradient receptors. Thirteen indicator chemicals were then modeled for a duration of 1,000
years based on this conceptual case to determine the highest levels of potential contamination to
downgradient receptors. Additional computer simulations were performed using initial
concentrations of 1,2-dichloroethene as high as 10,000 ppb (10 ppm). An initial concentration of
10,000 ppb exceeds levels permissible in either Migration Management Zone according to the
Tier 1 cleanup objectives adopted in RWQCB Order 95-136 (issued June 1995). Even at the
elevated initial concentration of 10,000 ppb, levels of dissolved 1,2-dichloroethene in
groundwater did not exceed 1 ppb at migration distances greater than 1,000 feet. It was
concluded that for the potentially mobile indicator chemicals the cleanup levels in Order 95-136

would be more than adequately protective of deeper aquifers at SFIA.

¥ ok ok k%
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1.0 INTRODUCTION

1.1 SITE LOCATION AND DESCRIPTION
The San Francisco International Airport (SFIA) is located in unincorporated San Mateo County,
and it is owned and operated by the City and County of San Francisco. The airport is bounded

on the north, east, and south by San Francisco Bay and is approximately 12 miles south of

midtown San Francisco.

Several municipalities surround SFIA, including South San Francisco to the northwest, San

Bruno to the west, and Millbrae to the south. Burlingame is located within a half-mile of the

airport's southern boundary.

The site location has operated as an airfield since approximately 1930, when it was known as
Mills Field. Historical aerial photographs reveal that portions of the early airfield were
constructed on fill material imported to the site in 1927. Airfield expansion activities progressed
through the 1940's with levees being constructed at locations east of the original San Francisco
Bay shoreline. Toward the late 1940's, SFIA facility boundaries resembled the current

boundaries. Figure 1-1 shows the current SFIA boundaries and the immediate area surrounding

the airport.

1.2 RWQCB SITE CLEANUP ORDER

The Regional Water Quality Control Board (RWQCB) adopted an Order for Site Cleanup
(Order) at SFIA on January 18, 1995 (RWQCB, 1995). The Order identifies four principal tasks
to be performed by each Discharger or group of Dischargers at SFIA. The four tasks are listed

below:

Task 1A: Bay Mud Technical Report

Task 1B: Workplan and Schedule for Additional Evaluation of Bay Mud as a
Barrier to Vertical Migration
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Task 2: Fuel Hydrant System Workplan
Task 3: Remedial Management Zones and Implementation Schedule

Task 4: Ground Transportation Center and new International Terminal Area
Remediation Plan and Implementation Schedule

1.3 DISCHARGER AREA DESIGNATION

Twenty-three Discharger Areas have been designated by the RWQCB for SFIA. These
Discharger Areas are not intended to be inclusive of all areas of potential subsurface
contamination at SFIA and are subject to modification as additional information becomes

available to the RWQCB. The Discharger Areas have been designated as follows:

. Site I, Former Pan Am Facility

. Site II, Trans World Airlines Cargo/Freight
. Site III, National Car Rental Facility

o Site IV, Hertz Car Rental Facility

. Site V, Avis Car Rental Facility
. Site VI, Chevron Station v
. Site VII, United Airlines Service Center

. Site VIII, South Terminal
° Site IX, North Terminal
. Site X, United Parking Area

. Site XI, American Cargo Facility

. Site XII, Eastern Airlines Facility

. Site XIII, American Superbay Hangar

. Site X1V, ASI Building/FAA Hangar

. Site XV, Former Treatment Plant

. Site XVI, United Airlines Maintenance Operations Center
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° Site XVII, US Coast Guard

. Site X VIII, Federal Express

. Site XIX, Bulk Tank Farm Area

. Site XX, FAA Spill Area

. Site XXI, North Storm Water Retention Pond

. Site XXII, South Storm Water Holding & Oxidation Pond
. Site XXIII, Satellite IT Facility

Figure 1-1 shows the locations of the RWQCB designated Discharger Areas.

1.4 TENANT GROUP RESPONSE TO ORDER
The RWQCB requested that the individual tenants work as a group to prepare responses to the
Order. To accommodate the RWQCB and to work with Airport officials, a Tenant Group was

formed. This group is comprised of the following participants:

. American Airlines
. Avis Rent A Car System, Inc.
. Chevron USA Products Company

. Delta Air Lines

. Federal Express

. The Hertz Corporation

. Japan Airlines/Pacific Fuel Trading Corporation
° National Car Rental System, Inc.

. PS Group

. Santa Fe Pacific Pipeline Partners

. SFO International Terminal Fuel Subcommittee (SFOITFS)
. Shell Oil Company

. Trans World Airlines

. United Airlines
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Burns & McDonnell Waste Consultants, Inc. (B&McD) has been retained by the Tenant Group
to prepare reports and workplans for Tasks 1A, 1B, 2, and 3 of the Order. On behalf of the
Tenant Group, and in response to the January 1995 Order, B&McD has prepared and submitted
to the RWQCB the following workplans or reports on the dates listed:

. Task 1A Report - February 15, 1995
. Task 1B Workplan - March 7, 1995

. Task 2 Workplan - February 15, 1995
. Task 3 Report - May 1995 (Draft)

1.5 SCOPE OF THE BAY MUD EVALUATION

This report presents the results of a study and evaluation of the Bay Mud geologic unit beneath
the SFIA. The purpose of the study and evaluation was to collect additional information and
provide the necessary analysis to support Task 3. The scope of work for this report is outlined in
the Task 1B - Bay Mud Evaluation Workplan prepared by B&McD in March 1995 (B&McD,
1995a) for the Tenant Group.

The Task 1B Workplan identifies five cases which represent the most probable features or
disturbances which may impact the ability of the Bay Mud to limit the migration of
contamination into lower water bearing units (A-Sand Zone and Westside Basin). The five cases

are listed below:

. CASE 1 - Natural Features
. CASE 2 - Intact Piles

. CASE 3 - Degraded Piles
. CASE 4 - Borings

. CASE 5 - Excavations
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To expedite the evaluation of the impact of construction on the ability of the Bay Mud to limit
the migration of contamination, the evaluation was divided into two phases. The Phase I
evaluation (consisting of the analysis of Cases 2, 4 and 5) was initially provided as an appendix
to the Task 3 Report (B&McD, 1995b). These cases were selected because construction

activities such as the installation of piles and borings will have a direct impact on the Bay Mud.

Phase II of the Bay Mud Evaluation included the evaluation of Cases 1 and 3. This report
presents the complete evaluation of both the Phase I cases (2, 4 and 5), and the Phase II cases (1

and 3).

* % ok ok ok
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2.0 GEOLOGY AND PHYSICAL CHARACTERISTICS OF SUBSURFACE UNITS

2.1 REGIONAL GEOLOGY

The San Francisco Bay region lies within the Coast Ranges Geomorphic Province. The province
is characterized by a series of nearly parallel mountain ranges that trend obliquely to the Pacific
coast in a northwesterly direction. About 65 percent of the bay region consists of rugged
mountain uplands with many ridge crests rising to elevations above 4,000 feet. Almost 11
percent of the bay region consists of open water and tidal marshlands at elevations close to sea

level. The remaining 24 percent consists of a relatively flat lowland area that constitutes a broad

plain surrounding the bay (Helly et al., 1979).

Northeast-southwest compressional forces created a northwest alignment of major fault zones
and fold axes. The major active faults in the San Francisco area are the San Andreas, Hayward,
and Calaveras faults (Goldman, 1969). The closest active major fault, the San Andreas, is
located approximately 2 miles west of SFIA. A less prominent fault (an extension of the
northwest-southeast trending San Bruno Fault) may exist within the Franciscan bedrock beneath
SFIA (USGS, 1994). However, this fault is not mapped as extending into the Quaternary
sediments beneath SFIA (USGS, 1994).

The Franciscan Formation was deposited in a large, trough-like, downwarping of the earth's
crust. After deposition, the formation was folded and faulted into the northwest-trending
structural pattern of the Central Coast Range. The San Francisco-Marin block was tilted
downward toward the east, with the western edge forming the bay (Goldman, 1969). As a result,
the east side of the bay has accumulated a relatively thick alluvial sedimentary sequence while
the western side (the area beneath SFIA) has only a fringe of alluvium overlying the Franciscan

bedrock.
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2.2 LOCAL GEOLOGY

Test borings drilled at SFIA penetrate three general types of subsurface materials: fills,
unconsolidated Quaternary sediments, and Franciscan bedrock. The Task 1A - Preliminary Bay
Mud Evaluation Report (B&McD, 1995c¢) provides detailed information concerning the local
geology of the SFIA area. The Task 1A Report evaluates and presents subsurface data obtained
from hundreds of borings and numerous monitoring wells installed at SFIA. Thirteen detailed

geologic profiles are included in the Task 1A Report.

The following paragraphs provide a summary of the local geology and a discussion of the

individual geologic units found beneath SFIA.
SFIA is underlain by the following layers or geologic units (from youngest to oldest):

° Construction fill
. Young Bay Mud
. A-Sand Zone
. Old Bay Mud
o B-Sand Zone

e Franciscan Bedrock

2.2.1 Construction Fill (A-Fill Zone)

The majority of SFIA is constructed on fill materials overlying a former tidal marsh. These fill
materials are referred to as the A-Fill Zone. A tidal marsh is a regularly inundated, sheltered
coastal area and is typically composed of clays and silts with a resistant mat of salt-tolerant
plants. A reconnaissance soil survey performed in 1914 indicates a large portion of the western
margin of the bay (including the current airport area) was originally classified as tidal marsh

(Holmes, 1914).

SFIABMD.02 2-2




During airport construction, large portions of the tidal marsh were filled. The fill materials are
heterogenous and comprised of differing mixtures of clays, silts, sands, and gravels. Portions of
the fill material used during airport construction was imported from quarries located in Millbrae
(USGS, 1994). Based on boring log data, the fill thickness varies from a few feet to
approximately 35 feet.

A former levee at the airport separated drained marshlands from the bay. Marshlands west of the
levee (landward) eventually dried and formed a desiccated surface commonly termed the "Bay
Mud crust." East of the levee (toward the bay), the tidal flat surface remained water-saturated
and was generally subject to settlement from the weight of overlying fill. Typically, fill placed
after the 1940's and east of the levee was placed on saturated soft mud (RCCE, 1980).

Early attempts at placing fill over saturated Young Bay Mud sometimes resulted in "mud
waves". Mud waves can form as a result of the displacement of the mud by fill materials when
large amounts of fill are rapidly placed in relatively small areas. The mud flowed from beneath
such areas, with the final surface of the fill settling to the approximate original elevation of the
tidal flat surface. Subsequently, grading contractors began placing fill material slowly, in
relatively thin layers, and spread over larger areas to help avoid mud waves and minimize the

quantity of fill required (RCCE, 1980).

Laboratory testing performed on samples of fill indicates an average natural moisture content of
about 16 percent by weight. The average Liquid Limit of the fill was about 27 percent which
indicated a relatively low plasticity. A maximum hydraulic conductivity of 1x10% cm/s was
obtained from laboratory permeability tests performed on samples of fill material obtained from
Discharger Site Numbers [ and VII (Former Pan Am Facility and United Airlines Service
Center).

The uppermost water bearing zone beneath SFIA is encountered near the fill material and Young

Bay Mud interface (approximately 3 to 16 feet below ground surface - RWQCB, 1995).
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Groundwater levels in shallow monitoring wells within the fill are highly variable, and a
consistent groundwater flow direction is typically not observed. In addition, groundwater in this
unit generally occurs as pockets of water perched on top of the Young Bay Mud and does not
form a continuous groundwater surface. The heterogenous fill composition, combined with the
potential influence from storm sewers, dewatering systems, and utility corridors contribute to the

irregular groundwater surface.

2.2.2 Young Bay Mud

The construction fill at SFIA is underlain by Quaternary age sediments (Jennings, 1977). The
youngest, or uppermost, geologic unit is the Young Bay Mud. The Young Bay Mud was
deposited from 8,000 to 11,000 years ago (Rogers and Figures, 1992) and is generally described
as a soft clay to silty clay of various colors (i.e., gray to greenish black), with a moderate to high
content of organic materials. Thicknesses of a few feet to over 60 feet are reported in borings

drilled at SFIA. In general, the Young Bay Mud thickens from west to east beneath SFIA.

Occasional thin sand lenses (1 to 5 feet) occur within the Young Bay Mud. Often these thin
sands are isolated and are not interpreted as being hydraulically connected to lower water bearing

zones beneath the Young Bay Mud.

The Young Bay Mud exhibits a relatively high moisture content, moderate to high plasticity,
high clay content, low dry unit weight, and high cation exchange capacity. A maximum
hydraulic conductivity of 4x10%7 cm/s was obtained from laboratory permeability tests
performed on samples of Young Bay Mud obtained from Discharge Site Numbers I and VII
(Former Pan Am Facility and United Airlines Service Center). Due to the highly plastic, clay-
rich properties of the Young Bay Mud, this unit provides a barrier to the vertical migration of

contaminants.

Review of visual descriptions and standard penetration test resistance (blow counts) recorded on

drilling logs, indicate the Young Bay Mud unit has a consistency of soft to firm (3 to 8 blows per
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foot). Laboratory testing conducted on samples of Young Bay Mud indicates an average natural
moisture content of about 70 percent by weight, with some samples containing over 100 percent
moisture. The average Liquid Limit of the Young Bay Mud is about 72 percent. A soft
consistency combined with high natural moisture conditions that are at or near the Liquid Limit
indicate the Young Bay Mud has very low strength and is susceptible to flowing under low
confining pressures. These properties have been well documented during numerous subsurface

investigations performed at SFIA.

Table 2-1 summarizes physical properties of soil samples collected within the Young Bay Mud

unit,

2.2.3 A-Sand Zone

The A-Sand Zone is encountered beneath the Young Bay Mud. Sand thicknesses of
approximately 5 to 40 feet are described in boring logs at SFIA. The A-Sand Zone primarily
consists of dense, fine, silty sand; however, these sands can grade laterally into clays or silts

beneath portions of SFIA.

2.2.4 Old Bay Mud
The Old Bay Mud is generally described as a dark greenish-gray, silty clay, with vafying

amounts of sand and gravel. Regionally, the thickness of this unit ranges from less than a foot to
more than 200 feet. Beneath SFIA, the Old Bay Mud occurs either as a very thick layer (i.e., 60
feet) or as multiple thin layers within the B-Sand zone. Based on the geologic profiles,

individual Old Bay Mud layers range from 5 to 60 feet thick beneath SFIA.

An Old Bay Mud layer appears to separate the A-Sand Zone from B-Sand Zone. This clay layer

thins beneath portions of SFIA and is not always noted in deep boring logs.
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2.2.5 B-Sand Zone

When present beneath SFIA, the B-Sand Zone generally occurs beneath the Old Bay Mud.

Based on geologic profiles, the B-Sand Zone varies from a single sand to a series of sands
interlayered within the Old Bay Mud clays. The B-Sand Zone appears to thicken with increasing
depth to bedrock beneath portions of SFIA. Near shallow bedrock areas, the B-Sand Zone can be

completely absent.

2.2.6 Franciscan Bedrock

The Franciscan Formation, composed of clastic sedimentary rocks, volcanic rocks, bedded chert,
ultramafic rocks, and metamorphic rocks, underlies the Quaternary deposits at SFIA. Depth to
bedrock at SFIA ranges from zero feet (north end of SFIA) to approximately 235 feet (east side
of SFIA). Clastic sedimentary rocks form‘ 90 percent of the assemblage of Franciscan rocks, and
nearly 90 percent of these are unsorted sandstones or graywackes, with the remainder being
mainly siltstones or shales (Bailey et al., 1962). This Jurassic/Cretaceous age formation attains

estimated thicknesses of up to 50,000 feet.
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3.0 POTENTIAL IMPACTS TO BAY MUD INTEGRITY

Potential impacts that may compromise the ability of the Bay Mud to limit contaminant
migration have been divided into two categories: natural features and manmade disturbances.
The natural features category includes former tidal stream channels and a bedrock high area.
Manmade disturbances include construction activities that may physically breach the Bay Mud

and provide pathways for contaminant migration such as piles, borings, and excavations.

The following sections discuss natural features, construction activities, and potential impacts to

the integrity of the Bay Mud based on these two categories.

3.1 NATURAL FEATURES
3.1.1 Former Tidal Channels

An evaluation of former tidal stream channels was performed to determine the potential effects

these may have on groundwater and contaminant migration. Prior to airport development, the
tidal stream channels carried surface water runoff from the nearby highlands (west of SFIA),
over the tidal flats, and eventually into the San Francisco Bay. The stream channels may have
provided a transport mechanism for coarse grained clastic materials originating in the highlands.
If coarse grained material was deposited along the bottom of these stream channels, a conduit for
preferential groundwater (and contaminant) movement within the subsurface material above the

Young Bay Mud might exist.

3.1.2 Bedrock High
Published information (USGS, 1899 and Goldman, 1969) indicates a localized region of thinner

Young Bay Mud near Discharger Area XVI (United Airlines Maintenance Operations Center or
MOC). Borehole data indicates that Franciscan bedrock occurs near the original (pre-developed)
ground surface at the north end of the MOC. The Young Bay Mud immediately thickens to
greater than five feet and attains a thickness of approximately 20 feet at the southern boundary of

the MOC.
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At the north end of the MOC, the bedrock high is visible (USGS, 1899) as a small topographic
feature protruding above the general elevation of the pre-development tidal marsh. This bedrock
high is unique to the northern MOC area. No other similar topographic features are identified in

boring logs or published references for the remainder of the SFIA area.

3.2 CONSTRUCTION ACTIVITIES
According to the Master Plan for SFIA, major improvements to the existing terminal and
transportation service facilities are planned over the next several years. Specific areas of
construction include the new International Terminal, new Public Parking Structure, and Boarding
Area G. These sites were selected for evaluation because they will incorporate a wide range of
construction activities or practices that will be occurring at SFIA in the near future. This section
summarizes construction details for the new International Terminal, the Ground Transportation
Center, and Boarding Area G. This construction information was obtained from geotechnical

reports issued by Dames & Moore (D&M, 1991 and D&M, 1993).

3.2.1 New International Terminal

The new International Terminal is planned to be a seven story structure constructed above the
existing access roadways. The new International Terminal will connect proposed Boarding
Areas A and G to the existing North and South Terminals. Minor excavations up to
approximately 10 feet in total depth will be required for construction of pedestrian tunnels and
expansion of the east underpass. These excavations are not expected to penetrate the

Young Bay Mud which is 20 to 30 feet thick in this area. Approximately 2400 fourteen-inch
square, pre-cast concrete, end-bearing displacement piles are planned for foundation support.
Provided no new fill is placed, little or no downdrag loading is anticipated from areal settlement

of the surrounding fill materials.

3.2.2 New Public Parking Structure

The new Public Parking Structure (PPS) will consist of two multi-story structures located to the

north and south of the terminal access road. Vehicle access to the PPS will be via a ramp
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connected directly to Route 101. The PPS will house short term public parking. The PPS is
currently planned to be built on grade with no excavation required. Piles will be installed for
foundation support. Additionally, the new east tunnel is planned for construction to

approximately 18 feet bgs, thereby reducing the Young Bay Mud thickness to about 10 feet.

3.2.3 Boarding Area G
New Boarding Area G will be located to the north of the International Terminal and will function

as a pier accommodating aircraft gates and passenger lounges. This pier will be approximately
1,200 feet long and will have three levels: one for operations/service, one for arrivals, and one for
departures. A combination of twelve-inch square, pre-cast concrete end-bearing piles and friction
piles are planned for foundaition support of Boarding Area G. A pile-supported tunnel
(underpass) is planned to be constructed to a maximum depth of approximately 18 feet bgs;

Since the current thickness of the Young Bay Mud in this area ranges from approximately 25 to
35 feet, a remaining Young Bay Mud thickness of approximately 10 feet is estimated

(VSE, 1995) after the construction of the tunnel. Elevator pistons, placed to a depth of
approximately 40 feet bgs would fully penetrate the Young Bay Mud (VSE, 1995).

* ok ok ok ok
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4.0 EVALUATION OF BAY MUD INTEGRITY

This Section discusses the integrity of the Young Bay Mud as a barrier to the potential lateral and
downward migration of contaminants and presents the results of the evaluation. The following

three tasks were performed during the evaluation:

* The preparation of a Bay Mud thickness map, historic tidal stream channel map, and six
geologic profiles. These maps and profiles were prepared to evaluate the thickness and

continuity of the Young Bay Mud unit.

e The development of a conceptual case model to define the concepts and parameters used
in the evaluation of each of the five identified migration cases. Calculations were
performed for each conceptual case model to estimate the potential rate of infiltration and
mass transfer of contamination from the A-Fill Zone, through the Young Bay Mud, and

into the A-Sand Zone.

*  The development of analytical computer models to evaluate lateral contaminant migration

within the A-Sand Zone.
The following subsections discuss these three areas of evaluation.

4.1 BAY MUD THICKNESS AND CONTINUITY

Thick undisturbed sections of Young Bay Mud provide adequate protection for lower water
bearing units (A-Sand Zone and Westside Basin). However, as discussed in Section 3, natural
features or manmade disturbances may compromise the ability of the Young Bay Mud to

effectively limit the migration of contamination into the A-Sand Zone and Westside Basin.

In order to evaluate the thickness and continuity of the Young Bay Mud deposits, data obtained

from borings and monitoring wells drilled across the SFIA area were analyzed and used to
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develop an airport-wide Young Bay Mud thickness map (Exhibit A). Exhibit A shows that
Young Bay Mud thicknesses in excess of 10 feet prevail over the vast majority of the SFIA area.
However, three small areas of relatively thin (two to 4 feet thick) Young Bay Mud deposits have
been identified. The first area is the bedrock high which is located at the north end of United
Airlines' MOC (Discharger Area XVI). The second area is located at the former Pan Am facility
(Discharger Area I), and the third area is located along the east side of U.S. Highway 101 and

west of the north storm water retention basin (Discharger Area XXI).

The locations of former tidal stream channels that carried surface water runoff from the nearby
highlands west of SFIA to the bay were determined from maps contained in two reports
published by the USGS (1899, 1994). The stream channels traversed the tidal flats and
~eventually drained into the San Francisco Bay. The stream channels may have provided a
transport mechanism for coarse grained clastic materials originating in the highlands. If coarse
grained material was deposited along the bottom of these stream channels, a conduit for
preférential groundwater (and contaminant) movement within the subsurface material above the

Young Bay Mud might exist.

Figure 4-1 shows the projection of the identified former tidal stream channels on a plan view of

the present SFIA area.

Data obtained from borings drilled within the areas identified as former tidal stream channels
were evaluated to determine the nature of the infilling materials. To determine if any significant
differences existed, the thickness of Young Bay Mud deposits beneath former tidal stream
channels was compared to the thickness observed adjacent to and outside of these areas. Six
geologic profiles (Figures 4-3 through 4-8) were developed to evaluate the Young Bay Mud
thickness within the former tidal stream channels. Figure 4-1 shows the locations of the geologic
profiles developed from the borehole data, and Appendix A contains copies of the boring logs

used to develop the geologic profiles.
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Review of the six geologic profiles (Figures 4-3 through 4-8) and the Bay Mud thickness map
(Exhibit A) indicates that excessive scouring of the Young Bay Mud did not occur within the
former tidal stream channels and the thickness of the Young Bay Mud beneath the stream
channels has not been significantly reduced. The physical characteristics (i.e., grain size, color,
plasticity) of the materials deposited within the extent of the tidal stream channels are not
distinguishable from the A-Zone fill. Continuous deposits of clean sand, or other highly
permeable materials which may provide corridors for groundwater and contaminant movement,

were not observed in the borings reviewed.

4.2 CONCEPTUAL CASE MODELS

Five conceptual case models were developed to reflect the most probable disturbances to the
Young Bay Mud. Various geometric configurations and physical properties of the Young Bay
Mud were considered in developing each case model. The following is a list of the case models

that were developed:

o CASE 1 - Natural Features
e CASE2 - Intact Piles

e CASE 3 - Degraded Piles
e CASE 4 - Borings

o CASE 5 - Excavations

Each of the five case models is discussed separately below.

4.2.1 Case 1 - Natural Features

Two features of specific concern at SFIA are areas with thin (or absent) Young Bay Mud
deposits and previously unidentified infilled (former) tidal stream channels. The presence of
these natural depositional features and their potential negative impacts on groundwater and

contaminant migration were evaluated.
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For analysis of this case, it was hypothetically assumed that a tidal stream channel partially
penetrated the Young Bay Mud and was infilled with a relatively high permeability coarse
grained material such as sand. The hydraulic conductivity of the infilling sand material was
assumed to be 1x10% cm/s. The channel segment was assumed to have dimensions of 210 feet
(64 m) wide by 66 feet (20 m) long by 52 feet (16 m) deep. A vertical gradient of 0.325 feet per
foot (between the A-Fill Zone and the A-Sand) obtained from previous studies conducted at

Discharger Site I (B&McD, 1995¢) was assumed for the calculation.

Analysis of the Case 1 conceptual model using the above listed parameter values indicates a total
volume of contaminated groundwater flowing into the A-Sand Zone of approximately 14 liters
per hour (approximately 334 liters per day). Figure 4-9 illustrates the conceptual model used to
evaluate the migration of contamination through an infilled tidal stream channel. The
calculations used to determine the theoretical volumetric flow rate of groundwater entering the

A-Sand Zone as a result of an infilled tidal stream channel are shown in Figure 4-14.

Results of groundwater studies performed at the Rental Car Sites (MF&G, 1993) and United
Airlines Plots 4, 5, and 6 (B&McD, 1995d) indicate existing total VOC levels within the area of
the proposed Public Parking Structure and new International Terminal are approximately 100
ppb (ug/L). Using this 100 ppb starting concentration for total VOCs in perched groundwater
trapped within the A-Fill Zone and the calculated volumetric flow rate of 334 liters per day, the‘
resulting mass loading rate of total VOC contamination to the A-Sand Zone is 0.033 grams per

day for the Case 1 scenario.

Using the Summers equation for aquifer dilution (Summers, 1980), and the calculated mass
loading rate discussed above, the resulting level of total VOCs dissolved in groundwater in the
A-Sand Zone is 96 ppb. It was assumed the mass of contamination evenly distributes throughout
‘a mixing zone of 12 feet (3.8 m) deep (one half the thickness of the A-Sand Zone) by 12 feet

(3.8 m) wide. The level calculated by the Summers equation represents the maximum

groundwater concentration directly under a sand filled tidal channel. Actual levels of
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groundwater contamination in areas downgradient of the source will be much lower. Table 4-1

shows the values used and the results of the dilution calculation

4,2.2 Case 2 - Intact Piles

To evaluate the potential for contaminant migration along newly installed piles, the following

three scenarios were evaluated:

» Contaminated materials either adhering to piles or being driven downward by the piles

into lower water bearing zones beneath SFIA.

*  Liquefaction of sandy zones beneath the Young Bay Mud that would allow sandy
materials to migrate up around a pile and establish a relatively high permeability zone

between the pile and the fill materials or Young Bay Mud.

¢  Contaminated groundwater from the A-Fill Zone flowing down an open pre-drilled pile

hole.

Geotechnical research was conducted to evaluate the first two scenarios listed above. This
research consisted of the review of multiple geotechnical reports, telephone converéations with
representatives of the USGS and the Santa Clara Water District, and extensive research into
literature available on related topics. The results of the research indicate that a negative impact
to lower water bearing units is highly unlikely due to either the downward movement of
contaminated materials or liquefaction of sandy zones. A memorandum located in the Appendix
B of this report discusses these two scenarios and the results of the geotechnical evaluation in

detail.

The third scenario is an evaluation of the potential for vertical migration of contaminated
groundwater flowing down open pre-drilled holes. For this scenario, the piles are considered

intact or non-degraded and installed through the fill and Young Bay Mud layers and into the
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underlying A-Sand Zone. Previous pile installation practices (and proposed plans for the
installation of new piles) indicate that typical pile installation includes pre-drilling through the

fill and Young Bay Mud layers and then driving the pile into the underlying A-Sand Zone.

This scenario is based on an estimated 2,400 piles that will be installed during the construction of
the new International Terminal. It was assumed that a 14-inch square, pre-cast concrete pile will
be placed inside a 20-inch diameter pre-drilled hole. It was estimated that the pre-drilled hole
will stay open for a maximum period of 3 hours before disturbances from adjacent pile driving
activities cause the highly plastic Young Bay Mud to flow and seal the annular space around

each pile.

Analysis of the Case 2 conceptual model using site specific properties of the fill material
(B&McD, 1995c¢) and an equation for gravity flow through an open borehole NAVFAC P-418),
indicates a volumetric flow rate of contaminated groundwater flowing into the A-Sand Zone of
approximately 4 liters per hour per pre-drilled hole. Assuming 20 piles are installed per day and
each pre-drilled hole stays open for a period of 3 hours, the total volume of contaminated
groundwater flowing into the A-Sand Zone is approximately 241 liters per day. Figure 4-10
shows the conceptual model used to evaluate the migration of contamination due to the presence
of newly emplaced piles. Figure 4-15 shows the calculations used to determine the theoretical
volumetric flow rate of groundwater entering the A-Sand Zone as a result of newly installed

piles.

Using the 100 ppb starting concentration for total VOCs in perched groundwater (from previous
studies discussed under Case 1 above), and the calculated volumetric flow rate of 241 liters per
day, the resulting mass loading rate of total VOC contamination to the A-Sand Zone is 0.024

grams per day.

Using the Summers equation and the calculated mass loading rate of 0.024 grams per day, the

resulting level of total VOCs dissolved in groundwater in the A-Sand Zone immediately below
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the Bay Mud and adjacent to the piles is 95 ppb. It was assumed the mass of contamination
evenly distributes throughout a mixing zone of 12 feet (3.8 m) deep (one half the thickness of the
A-Sand Zone) by 12 feet (3.8 m) wide. The level calculated by the Summers equation represents
the maximum groundwater concentration directly under an area where piles are installed. Actual
levels of groundwater contamination in areas downgradient of the source will be much lower.

Table 4-1 shows the values used and the results of this calculation.

4.2.3 Case 3 - Degraded Piles
This case was used to evaluate vertical contaminant rhigration due to the presence of degraded

piles existing in the Young Bay Mud. For this case, it was assumed that a 14-inch square
degraded pile exhibits a greater hydraulic conductivity than the surrounding Young Bay Mud,
completing a relatively high permeability pathway from the contaminated fill material down to
the A-Sand Zone. The composition of the pile was not considered, but was assumed to degrade
until the material had a hydraulic conductivity greater than that of Bay Mud (2 x 107 cm/s).

Wood and concrete are possible types of pile material which may degrade.

The potential for groundwater flow down a zone of high permeability material is a function of
the hydraulic conductivity of the flow media and the hydraulic head differential (gradient)
between the two water bearing zones (Avci, 1992). For this case, it was assumed the hydraulic
conductivity of the degraded pile was slightly greater than the surrounding Young Bay Mud
material (1x10% cm/s). A vertical gradient of 0.325 feet per foot (between the A-Fill Zone and
the A-Sand) obtained from previous studies conducted at Discharger Site I (B&McD, 1995¢) was

assumed for the calculation.

Analysis of the Case 3 conceptual model using the hydraulic conductivity and gradient values
discussed above, indicates a rate of contaminated groundwater entering the A-Sand Zone per
degraded pile of approximately 0.0015 liters per hour (approximately 0.036 liters per day).
Figure 4-11 shows the conceptual model used to evaluate the migration of contamination due to

the presence of degraded piles. Figure 4-16 shows the calculations used to determine the
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theoretical volumetric flow rate of groundwater entering the A-Sand Zone as a result of degraded

piles.

Using the 100 ppb starting concentration for total VOCs in perched groundwater (from previous
studies discussed under Case 1 above), and the calculated volumetric flow rate of 0.036 liters per
day, the resulting mass loading rate of total VOC contamination to the A-Sand Zone is 3.55x10°%

grams per day.

Using the Summers equation and the calculated mass loading rate of 3.55x10°% grams per day,
the resulting level of total VOCs dissolved in groundwater in the A-Sand Zone is 0.3 ppb. It was
assumed the mass of contamination evenly distributes throughout a mixing zone of 12 feet (3.8
m) deep (one half the thickness of the A-Sand Zone) by 12 feet (3.8 m) wide. The level
calculated by the Summers equation represents the maximum groundwater concentration directly
under a degraded pile. Actual levels of groundwater contamination in areas downgradient of the

source will be much lower. Table 4-1 shows the values used and the results of this calculation.

4.2.4 Case 4 - Borings
This case was used to evaluate vertical contaminant migration due to improperly abandoned

borings (geotechnical or otherwise) existing in the Young Bay Mud. For this case, it was
assumed that a geotechnical boring with a diameter of eight inches was backfilled with sand
thereby completing a relatively high permeability pathway from the contaminated fill material

down to the A-Sand Zone.

The potential for groundwater flow down a borehole is primarily a function of the hydraulic

conductivity of the flow media (backfill material) and the hydraulic head differential (gradient)
between the two water bearing zones (Avci, 1992). For this case, it was assumed the hydraulic
conductivity of the sand backfill material was the same as the underlying A-Sand Zone (1x10-%

cm/s) so that complete communication would be simulated in the calculations. A vertical
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gradient of 0.325 feet per foot (between the A-Fill Zone and the A-Sand) obtained from previous
studies conducted at Discharger Site I (B&McD, 1995¢) was assumed for the calculation.

Analysis of the Case 4 conceptual model using the hydraulic conductivity and gradient values
discussed above, resulted in a rate of contaminated groundwater entering the A-Sand Zone per
boring of épproximately 0.038 liters per hour (approximately 0.91 liters per day). Figure 4-12
shows the conceptual model used to evaluate the migration of contamination due to the presence
of improperly abandoned boreholes. Figure 4-17 shows the calculations used to determine the
theoretical volumetric flow rate of groundwater entering the A-Sand Zone as a result of

improperly abandoned boreholes.

Using the 100 ppb starting concentration for total VOCs in perched groundwater (from previous
studies discussed under Case 1 above), and the calculated volumetric flow rate of 0.91 liters per

day, the resulting mass loading rate of total VOC contamination to the A-Sand Zone is 9.1x10%

grams per day.

Using the Summers equation and the calculated mass loading rate of 9.1x10-® grams per day, the
resulting level of total VOCs dissolved in groundwater in the A-Sand Zone was 6.8 ppb. It was
assumed the mass of contamination evenly distributes throughout a mixing zone of 12 feet

(3.8 m) deep (one half the thickness of the A-Sand Zone) by 12 feet (3.8 m). The level
calculated by the Summers equation represents the maximut groundwater concentration directly
under an abandoned borehole. Actual levels of groundwater contamination in areas
downgradient of the source will be much lower. Table 4-1 shows the values used and the results

of this calculation.

4.2.5 Case 5 - Excavations
Case 5 was used to evaluate contaminant migration laterally through the A-Fill Zone and
vertically through the Young Bay Mud where the mud has been partially or completely removed

through excavation. For this case, it was assumed that an idealized, gravel backfilled utility
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corridor (trench) is cut by excavation activities, and contaminated water contained within the
trench is allowed to flow directly into an open excavation for a period of 10 days. The assumed
dimensions of the utility trench are 1.6 feet (0.5 m) deep, 3.3 feet (1 m) wide, and 330 feet

(100 m) long. The assumed area of the open excavation is 33 feet (10 m) by 33 feet (10 m).

Analysis of the Case 5 conceptual model using the properties of the utility trench backfill
material listed above and an equation for gravity flow to a trench NAVFAC P-418), a |
volumetric flow rate of approximately 47 liters per hour (approximately 1,140 liters per day) was
calculated for groundwater flowing into the trench. The entire 1,140 liters per day of water
flowing into the trench was assumed to flow into the open excavation and downward into the
A-Sand Zone (Case 5 assumes the Young Bay Mud barrier was completely removed by
excavation and there is a direct connection between the utility trénch effluent and the A-Sand
Zone). Figure 4-13 shows the conceptual model used to evaluate the migration of contamination
due to the presence of an open excavation. Figure 4-18 shows the calculations used to determine
the theoretical volumetric flow rate of groundwater entering the A-Sand Zone as a result of an |

open excavation.

Using the 100 ppb starting concentration for total VOCs in perched groundwater (from previous
studies discussed under Case 1 above), and the calculated volumetric flow rate of 1,140 liters per
day, the resulting mass loading rate of total VOC contamination to the A-Sand Zone is 0.114

grams per day.

Using the Summers equation and the calculated mass loading rate of 0.114 grams per day, the
resulting level of total VOCs dissolved in groundwater in the A-Sand Zone is 99 ppb. It was
assumed the mass of contamination evenly distributes throughout a mixing zone of 12 feet

(3.8 m) deep (one half the thickness of the A-Sand Zone) by 12 feet (3.8 m) wide. The level
calculated by the Summers equation represents the maximum groundwater concentration directly
under an excavation. Actual levels of groundwater contamination in areas downgradient of the

source will be much lower. Table 4-1 shows the values used and the results of this calculation.
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43  ANALYTICAL COMPUTER MODELING

The preceding subsections provide estimates of levels of dissolved phase chemical concentration
directly beneath source areas for the five conceptual cases. The calculations were based on a
simple dilution concept. The purpose of performing the analytical computer modeling is to
simulate the transport of contamination in the saturated portion of the A-Sand Zone in areas
downgradient and away from the respective source areas. Output from both the dilution equation
and the analytical computer model should be considered when assessing the results of this

evaluation and forming conclusions concerning contaminant transport at SFTA.

The computer code used to develop the analytical model is AT123D (Yeh, 1981). AT123Disa
generalized analytical, transient, one-, two-, and three-dimensional code for estimating the
transport of dissolved phase contamination in the saturated zone. The code operates with a
uniform, one-dimensional, steady state groundwater flow field. The saturated zone properties are
homogeneous, isotropic, and of uniform geometry. Terms are included in the model input to

simulate the effects of dispersion (in three dimensions), diffusion, adsorption, and first order

decay.

The AT123D model code has been independently verified and validated by the USEPA, and is

accepted for use in contaminant migration studies by numerous State agencies.

Application of the AT123D modéi was rpefforlrnecrl'iﬁ ;cvs;o éféps: case speciﬁc modeling and
chemical specific modeling. The duration of each simulation was limited to 1000 years.

Initially, model runs were conducted using case specific chemical release rates, chemical
application areas, and chemical release duration. The chemical release rates used for each case in
the AT123D model are identical to those developed for use in the dilution equation. All other
input parameters were held constant among the five conceptual case simulations. The chemical
used in these simulations was a conservative generic compound exhibiting no retardation or
decay. The results of each of these five case simulations were compared to establish the worst

case scenario (the conceptual case resulting in the greatest levels of dissolved contamination).
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Once the worst conceptual case scenario was established, further chemical specific AT123D

modeling was performed for a list of thirteen indicator chemicals.

The following describes the model input parameters and the results of the case specific and

chemical specific AT123D modeling.

4.3.1 Case Specific Modeling

Aquifer parameters for the case specific AT123D models are based on data collected in previous
investigations performed at SFIA (B&McD 1994, 1995¢). Table 4-2 lists the input values used
for the aquifer parameters for all five conceptual cases. The source parameters (chemical release
rates, cherhical release duration, and chemical application areas) varied by case and are listed in

Table 4-3. The chemical specific distribution coefficient and decay constant were set to zero.

The case models were run with the input parameters discussed above for a duration of 1,000
years. The resulting levels of contamination were plotted against time at four specific migration
distances (potential receptors located at 500, 750, l,OOO,. and 1,250 feet) directly downgradient of
each respective source area on the centerline of the dissolved chemical plume. Figures 4-19
through 4-23 are plots of dissolved chemical concentration in groundwater versus time for each
of the five conceptual cases at the four migration distances. Table 4-4 shows the resulting peak
chemical concentrations for the five conceptual cases at the four migration distances. Table 4-4
shows that the resulting Case 1 (Natural Features) chemical concentrations are on the order of 3
to 6 ppb while the results of the remaining four cases are insignificant at levels of less than 1 ppb.
Note that the results given here are conservative in that the effects of retardation or chemical

decay were not considered in the models.

The results of the case specific AT123D modeling indicate that Case 1 (infilled tidal channel)
yields the highest levels of contamination and poses the greatest theoretical risk to groundwater
quality in the A-Sand Zone. Based on the results of the case specific AT123D modeling, further

AT123D modeling on a chemical specific basis was performed on the Case 1 scenario only.
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4.3.2 Chemical Specific Modeling
Aquifer parameter input values for the chemical specific AT123D model are based on data

collected during previous investigations performed at SFIA (B&McD 1994, 1995¢) and are
identical to those used in the case specific modeling. Table 4-2 lists the aquifer input values used
for the Case 1 model. The source parameters (chemical release rate, chemical release duration,
and chemical application area) for Case 1 are listed in Table 4-3. The chemical specific
constants for the thirteen indicator chemicals are listed in Tables 4-2 and 4-5 (references given

with tables).

The Case 1 AT123D model was run for each of the indicator chemicals using the input
parameters discussed above. The AT123D model calculates the indicator chemical
concentrations at various time steps at four specific migration distances (potential receptors
located at 500, 750, 1,000, and 1,250 feet) directly downgradient of the source area on the
centerline of the dissolved chemical plume. Table 4-6 lists the peak chemical concentrations
calculated by the Case 1 AT123D model for each of the indicator chemicals at each of the four
migration distances. The chemicals with the highest concentration levels after 1,000 years of
simulated contaminant transport are chloroform (0.13 ppb at 500 feet), 1,2-dichloroethene (0.14
ppb at 500 feet), and vinyl chloride (0.088 ppb at 500 feet). The levels of contamination
calculated by the computer model for the remaining chemicals are insignificant, and many are
well below currently achievable analytical laboratory detection or quantification limits. Figure
4-24 is a plot of maximum (peak) groundwater concentration with respect to distance (from

source area) for chloroform, 1,2-dichloroethene, and vinyl chloride.

Additional Case 1 AT123D modeling was performed using various initial concentrations of 1,2-
dichloroethene (the chemical yielding the greatest levels of contamination for Case 1) ranging
from 10 to 10,000 ppb in the A-Sand Zone directly beneath the source area. This was done to
develop a relationship between initial chemical concentration in the source area and resulting
chemical concentrations at the four migration distances. The peak groundwater concentrations of

1,2-dichloroethene at the four migration distances for various source input concentrations are
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shown in Table 4-7. Figure 4-25 is a plot of maximum (peak) groundwater concentration with
respect to distance (from source area) for various initial source groundwater concentrations of

1,2-dichloroethene.

* K Kk ok
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5.0 SUMMARY AND CONCLUSIONS

The evaluation of potential contaminant migration down through the Young Bay Mud and into

the A-Sand Zone consisted of the following tasks:

»  Preparation of a Bay Mud thickness map, a historic tidal stream channel map, and six

geologic profiles

» Estimation of the potential rate of infiltration and mass transfer of contamination from the
A-Fill Zone, through the Young Bay Mud, and into the A-Sand Zone for five conceptual

case models

» Development of analytical computer models to evaluate the hypothetical migration of

contaminants within the A-Sand Zone

All of the conceptual case models were developed using conservative assumptions. This resulted
in the generation of idealized models of contaminant migration with conditions that are worse
(with respect to migration rates and distances) than any actually encountered in the numerous
investigations performed at SFIA. The purpose of the evaluation was to establish that even under

worse case conditions, the impact to water quality in the A-Sand Zone would be minimal.

The following sections discuss the results of the evaluation.

5.1 BAY MUD THICKNESS AND CONTINUITY

Young Bay Mud deposits in excess of 5 feet prevail over the vast majority of the SFIA area.
However, three small areas of relatively thin (2 to 4 feet) Young Bay Mud deposits were
identified. The first area is the bedrock high which is located at the north end of United Airlines’
MOC (Discharger Area XVI). The second area is located at the former Pan Am facility
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(Discharger Area I, and the third area is located along the east side of U.S. Highway 101 and

west of the north storm water retention basin (Discharger Area XXI).

Review of the six geologic profiles and the Bay Mud thickness map indicates that excessive
scouring of the Young Bay Mud did not occur within the former tidal stream channels and the
thickness of the Young Bay Mud beneath the stream channels does not appear to have been
reduced significantly. Materials deposited within the extent of the tidal stream channels above
the Young Bay Mud are not distinguishable from the A-Zone fill. Continuous deposits of clean
sand or other highly permeable materials which may provide corridors for groundwater and

contaminant movement were not observed in the borings reviewed.

5.2 CASE 1 - NATURAL FEATURES

Analysis of the Case 1 conceptual model indicates a total volume of contaminated groundwater
flowing into the A-Sand Zone of approximately 14 liters per hour (approximately 334 liters per
day). Based on this and an initial concentration of 100 ppb, the mass loading rate of total VOC
contamination to the A-Sand Zone is 0.0334 grams per day. This loading rate could occur over a
long period of time since the infilled tidal channel is theoretically a natural and permanent

subsurface feature.

The Summers equation and the mass loading rate discussed above were used to calculate a total

estimated dissolved VOC level in the A-Sand Zone of 96 ppb.

It should be reiterated that these modeling results assume a large portion of the Young Bay Mud
was removed by tidal channel development and was subsequently replaced by highly permeable
sand deposits. This is a conservative and highly idealized case which has been modeled to
demonstrate that significant scouring of the Young Bay Mud would only minimally impact the

water quality of the A-Sand Zone.
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5.3 CASE 2 - INTACT PILES

A negative impact to lower water bearing units is highly unlikely due to the downward

movement of contaminated materials during pile driving activities.

Liquefaction of the dense sand material in the A-Sand Zone during pile driving activities or

earthquakes is considered minimal.

Analysis of the Case 2 conceptual model and an equation for gravity flow through an open
borehole, indicates a volumetric flow rate of contaminated groundwater flowing into the A-Sand

Zone of approximately 4 liters per hour per pre-drilled borehole.

Using the 100 ppb starting concentration for total VOCs in perched groundwater and the
calculated total volumetric flow rate of 241 liters per day, the resulting mass loading rate of total

VOC contamination to the A-Sand Zone is 0.024 grams per day.

Using the Summers equation and the calculated mass loading rate of 0.024 grams per day, the

resulting level of total VOCs dissolved in groundwater in the A-Sand Zone is 95 ppb.

5.4 CASE 3 - DEGRADED PILES

Analysis of the Case 3 conceptual model indicates a rate of contaminated groundwater entering
the A-Sand Zone per degraded pile of approximately 0.0015 liters per hour (approximately 0.036
liters per day). Using the 100 ppb starting concentration for total VOCs in perched groundwater
and the calculated volumetric flow rate of 0.036 liters per day, the resulting mass loading rate of

total VOC contamination to the A-Sand Zone is 3.6x10% grams per day.

Using the Summers equation and the calculated mass loading rate of 3.6x10% grams per day, the

resulting level of total VOCs dissolved in groundwater in the A-Sand Zone is 0.3 ppb.
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5.5 CASE 4 - BORINGS
Analysis of the Case 4 conceptual model resulted in a rate of contaminated groundwater entering

the A-Sand Zone per boring of approximately 0.0379 liters per hour (approximately 0.91 liters
per day).

Using the 100 ppb starting concentration for total VOCs in perched groundwater and the
calculated volumetric flow rate of 0.910 liters per day, the resulting mass loading rate of total

VOC contamination to the A-Sand Zone is 9.1x10% grams per day.

Using the Summers equation and the calculated mass loading rate of 9.1x10% grams per day, the

resulting level of total VOCs dissolved in groundwater in the A-Sand Zone was 6.8 ppb.

5.6 CASE 5 - EXCAVATIONS
Analysis of Case 5 conceptual model using an equation for gravity flow to a trench, a volumetric
flow rate of approximately 47 liters per hour (approximately 1,140 liters per day) was calculated

for groundwater flowing into the trench.

Using the 100 ppb starting concentration for total VOCs in perched groundwater and the
calculated volumetric flow rate of 1,140 liters per day, the resulting mass loading rate of total

VOC contamination to the A-Sand Zone is 0.114 grams per day.

Using the Summers equation and the calculated mass loading rate of 0.114 grams per day, the
resulting level of total VOCs dissolved in groundwater in the A-Sand Zone is 99 ppb. This

would be an essentially transient condition.

5.7 ANALYTICAL COMPUTER MODELING
Modeling the migration of a generic chemical for 1,000 years produced chemical concentrations
for the Case 1 Scenario on the order of 3 to 6 ppb. The concentrations calculated for the

remaining four cases are insignificant (concentration levels less than 1 ppb).
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Case 1 yielded the highest estimated levels of contamination and poses the greatest theoretical
risk to groundwater quality in the A-Sand Zone. Further AT123D modeling on a chemical

specific basis was performed on the Case 1 scenario only.

The Case 1 AT123D model was run for each of the indicator chemicals. The chemicals with the
highest concentration levels after 1,000 years of simulated contaminant transport were
chloroform (0.130 ppb at 500 feet), 1,2-dichloroethene (0.140 ppb at 500 feet), and vinyl
chloﬁde (0.088 ppb at 500 feet). The levels of contamination calculated by the computer model
for the remaining indicator chemicals were insignificant, and many of the calculated
concentrations were well below currently achievable analytical laboratory detection or

quantification limits.

Additional Case 1 AT123D computer modeling was performed using various initial
concentrations of 1,2-dichloroethene (the chemical yielding the greatest levels of contamination
for Case 1). The results of 1,000 years of simulated contaminant transport indicate that initial
concentrations of 1,2-dichloroethene as high as 10,000 ppb in the shallow groundwater would
not generate A-Sand Zone groundwater concentrations exceeding 1 ppb at distances greater than
1,000 feet. Site Cleanup Order 95-136 sets a maximum limit of 157 ppb for 1,2-DCE in
groundwater in MMZ 2, and 3.2 ppb in the Ecological Protection Zones.

The conclusion of this modeling is that the Order 95-136 cleanup levels for VOCs in shallow

groundwater are protective of the deeper aquifer at SFIA.

* ok % %k ok
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TABLES



Table 2-1
Physical Soil Properties
Bay Mud - Airport Wide

Percent USCS | Dry Wt. | Void | Spec. K TOC
Discharger Area (Site) Boring| Depth |[Moisture| PL LL Pl |Class.| (pcf) | Ratio | Grav. |(cm/sec) (mg/kg)
Burns & McDonnell, 1995
VIl (Plots 4, 5, 6) C-19 {9.5-12| 329 25 42 17 CL 69 6E-08 | 2900
VIl (Plots 4, 5, 6) D-22 |19-115| 256 24 32 8 ML 71 7E-08 91
VIl (Plots 4, 5, 6) MW-34/95-12 | 522 41 85 44 MH 57 4E-07 | 4000
VIl (Plots 4, 5, 6) MW-37|19-11.5| 684 38 77 39 MH 60 4E-07 | 4500
Burns & McDonnell, 1994
I (Plot1) B28 | 10-10.5| 61.0 34 79 45 CH 61.0
I (Plot1) B28 | 11-13.5| 76.2 44 87 43 MH 56.0 6500
| (Plot1) B29A | 12.5-13 | 87.1 13000
I (Plot1) B29A [ 13.5-16 | 71.0 54 93 39 MH 56.0 |1.993 | 2.97 | 4E-07
I (Plot1) B30 | 10-10.5| 106.5 49 88 39 MH 44.0
I (Plot1) B30 |13.5-16 | 21.1 108.0 (0.586 | 2.61 | 2E-07
I (Plot1) B30 | 16.5-17 | 26.2 1800
I (Plot1) B31 | 11-13.5| 855 47 83 36 MH 52.0 1500
I (Plot1) : B32 |115-12| 86.0 15000
I (Plot1) B32 12515 739 41 80 39 MH 55.3 |2049 | 2.58 | 1E-07
Trans Pacific Geotechnical Consultants, Inc., 1994
I (Plot1) 3 10.0 60.0 52.0
I (Plot1) 6 10.0 91.0 49.0
Youngdahl & Associates, 1994
I (Plot1) 1 10.0 56.0 29 71 42 CH 65.8
I (Plot1) 1 14.5 47.0 29 71 42 CH 89.6
I (Plot1) 1 20.0 20.0 29 71 42 CH 115.8
I (Plot1) 2 15.0 73.5 541
Dames and Moore, 1992
VIl (Plots 4, 5, 6) B1 16.0 834 40.5 | 928 | 52.3 MH 52.1
VIl (Plots 4, 5, 6) B1 20.0 89.7
VIl (Plots 4, 5, 6) B1 25.0 79.2 53.2
VIl (Plots 4, 5, 6) B1 30.0 77.9 435 1104.3 | 60.8 MH 534
VIl (Plots 4, 5, 6) B2 15.5 934 476
VIl (Plots 4, 5, 6) B2 20.0 88.4 408 | 982 | 574 CH 48.8
VIl (Plots 4, 5, 6) B2 24.0 81.7
Vil (Plots 4, 5, 6) B2 28.0 63.7 40.2 | 846 | 444 MH 60.8
VIl (Plots 4, 5, 6) B2 32.0 74.4 55.7
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

Percent USCS | Dry Wt. | Void | Spec. K TOC
Discharger Area (Site) Boring| Depth |Moisture| PL LL Pl [Class.| (pcf) { Ratio | Grav. (cm/sec)| (mg/kg)
Dames and Moore, 17992 {continued)
VIii (Plots 4, 5, 6) B2 36.0 62.0 62.5
Vil (Plots 4, 5, 6) B3 16.0 80.3 411 | 95.7 | 54.6 MH 52.4
Vil (Piots 4, 5, 6) B3 20.0 88.2
VI (Plots 4, 5, 6) B3 24.0 68.4 57.7
Vil (Plots 4, 5, 6) B3 28.0 73.9 55.9
Vil (Plots 4, 5, 6) B3 32.0 78.6 40.6 | 93.8 | 53.2 MH 53.7
Vil (Plots 4, 5, 6) B3 36.0 69.8 58.2
Dames and Moore, 1991
(Piot 41) 1 15.0 72.0 58.0
(Piot 41) 1 20.0 67.0 60.0
(Plot 41) 1 25.0 70.0 57.0
(Plot 41) 1 30.0 78.0 55.0
(Plot 41) 1 35.0 69.0 59.0
(Piot 41) 1 45.0 74.0 56.0
XVI (MOC) 1 11.0 103.0 44.0
XVI (MOC) 1 15.0 93.0 47.0
XVI (MOC) 1 20.0 88.0 50.0
XVI (MOC) 2 10.0 106.0 43.0
XVI (MOC) 3 15.0 86.0 51.0
(Plot 41) 2 13.0 87.0 51.0
(Piot 41) 2 20.0 78.0 36.0 | 80.0 | 44.0 CH 54.0
(Plot 41) 2 30.0 89.0 49.0
(Plot 41) 2 40.0 90.0 49.0
(Plot 41) 2 60.0 72.0 57.0
(Piot 41) 3 30.0 82.0 53.0
V (Rental Car Sites) 4 10.0 59.0 62.0
V (Rental Car Sites) 4 15.0 89.0 49.0
V (Rental Car Sites) 4 25.0 89.2 57.0
V (Rentai Car Sites) 4 35.0 76.0 55.0
V (Rental Car Sites) 4 45.0 81.0 52.0
Vil (Plots 4, 5, 6) 5 9.0 74.0 56.0
Vi (Plots 4, 5, 6) 5 15.0 91.4 44.7 | 110 | 65.3 MH 48.2
Vi (Plots 4, 5, 6) 5 24.0 78.0 55.0
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

Percent USCS | Dry Wt. | Void | Spec. K TOC

Discharger Area (Site) Boring| Depth [Moisture| PL LL Pl |Class.| (pcf) | Ratio | Grav. (cm/sec)| (mg/kg)
Dames and Moore, 1991 (continued)

(Rental Car Sites) 6 16.0 84.0 458 |(106.5 | 60.7 MH 50.5
(Rental Car Sites) 6 25.5 92.4 48.0
(Rental Car Sites) 6 35.0 72.0 57.0
| (Plot 1) 7 11.0 93.0 48.0
| (Plot 1) 7 20.0 71.0 57.0
VIII (South Terminal) 8 14.0 87.0 50.0
VIl (South Terminal) 8 20.0 77.5 40.0 [106.0 | 66.0 CH 53.5
VIII (South Terminal) 8 30.0 66.7 57.0
VIII (South Terminal) 8 40.0 52.0 70.0
VIII (South Terminal) 9 13.0 92.0 46.0
VIII (South Terminal) 9 23.0 32.0 89.0
Il (Plot 3) 10 10.0 74.0 56.0
Il (Plot 3) 10 23.0 105.0 43.0
Il (Plot 3) 10 25.0 71.0 57.0
Il (Plot 3) 10 32.0 108.0 42.0
| (Plot 1) 11 10.0 66.0 61.0
| (Plot 1) 11 15.0 84.0 51.0
(Rental Car Sites) 12 13.0 93.0 48.0
(Rental Car Sites) 12 20.0 83.6 40.0 | 985 | 585 CH 51.0
(Rental Car Sites) 13 15.0 94.0 48.0
(Rental Car Sites) 13 25.0 82.0 52.0
(Rental Car Sites) 13 32.0 103.0 43.0
(Rental Car Sites) 14 14.0 93.0 48.0
(Rental Car Sites) 14 25.0 82.9 50.0
(Rental Car Sites) 14 35.0 101.0 42.0
(Rental Car Sites) 14 43.0 65.0 61.0
VII (Plots 4, 5, 6) 15 10.0 92.0 48.0
VIl (Plots 4, 5, 6) 15 20.0 96.0 46.0
Southwest of VII ~ 16 11.0 91.0 48.0
Southwest of VII 16 20.0 75.0 55.0
Southwest of VII 16 35.0 79.0 52.0
(Plot 2) 17 14.0 88.0 49.0
(Plot 2) 17 20.0 76.0 54.0
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

Percent USCS | Dry Wt. | Void | Spec. K TOC
Discharger Area (Site) Boring| Depth |[Moisture| PL LL Pl [Class.| (pcf) | Ratio | Grav. |(cm/sec) (mg/kg)
Dames and Moore, 1991 (continued)
[ (Plot 1) 18 14.0 61.0 62.0
Il (Plot 3) 19 11.0 87.0 49.0
Il (Plot 3) 19 15.0 88.0 48.0
VIl (Plots 4, 5, 6) 20 8.0 61.0 62.0
VIl (Plots 4, 5, 6) 20 13.0 86.0 49.0
VIl (Plots 4, 5, 6) 20 15.0 95.0 46.0
VIl (Plots 4, 5, 6) 21 15.0 71.0 55.0
VII (Plots 4, 5, 6) 22 11.0 72.0 55.0
VIl (Plots 4, 5, 6) 22 15.0 92.0 48.0
(Plot 41) 23 20.0 58.0 61.0
(Plot 41) 24 22.0 54.0 68.0
(Plot 41) 24 27.0 79.0 54.0
(Plot 41) 26 13.0 62.0 . 63.0
(Plot 41) 27 13.0 79.0 53.0
Trans Pacific Geotechnical Consultants / Dames and Moore, 1991
VIl (South Terminal) 10 10.0 74.0 56.0
VIl (South Terminal) 10 13.0 105.0 43.0
VIl (South Terminal) 10 25.0 71.0 57.0
VIl (South Terminal) 10 325 108.0 42.0
| (Plot 1) 19 11.5 87.0 49.0
[ (Plot 1) 19 15.0 88.0 48.0
AGS, 1987
XHI (Plot 40) PD-1 20 60 64
Xl (Plot 40) PD-1 31 66 63
XHI (Plot 40) PD-3 21 63 63
Xl (Plot 40) PD-3 51 70 58
Xl (Plot 40) PD-5 30 61 65
XHI (Plot 40) PD-5 50 74 57
Dames and Moore, 1984
XVI (MOC) [ 1 17 3 | 16 ] | 116 ]
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

Percent USCS | Dry Wt. | Void | Spec. K TOC
Discharger Area (Site) Boring| Depth Moisture| PL LL Pl |Class.| (pcf) | Ratio | Grav. |(cm/sec) {ma/kg)
Associated Geotechnical Engineers, 1980
(Fire House No. 1) EB-1 9 93.0 47.0
(Fire House No. 1) EB-1 15 92.0 54.0
(Fire House No. 1) EB-1 20 88.0 50.0
Rutherford & Chekene, 1980
XVII (JAL Air Cargo) 4 24.8 85.5 315 | 768 | 45.3 CH 51.5 229 | 2.71
XVIII (JAL Air Cargo) 5 24.0 89.7 324 | 737 | 413 CH 50.3 235 | 2.71
XVIII (JAL Air Cargo) 6 29.8 924 286 | 748 | 46.2 CH 48.1 239 | 2.71
XVIII (JAL Air Cargo) 8 16.0 91.6 349 | 86.8 | 51.9 CH 45.3 240 | 2.71
XVIII (JAL Air Cargo) 6 25.8 89.7 296 | 774 | 47.8 CH 49.8 251 | 2.71
XVIII (JAL Air Cargo) 3 25.5 94.9 271 |1 721 | 45.0 CH 48.3 2.50 | 2.71
XVIII (JAL Air Cargo) 23 30.0 63.0 445 | 815 | 37.0 MH 58.6 1.89 | 2.71
XVIII (JAL Air Cargo) 25 25.0 79.0 340 | 750 | 41.0 CH 51.7 227 | 2.71
Rutherford & Chekene, 1979
XVIII (Plot 50) 2 30.5 80.2 51.0
XVIII (Plot 50) 3 13.5 81.9 46.0
XVIII (Plot 50) 3 18.5 84.5 47.4
XVIII (Plot 50) 3 23.5 78.8 49.9
XVIII (Plot 50) 3 28.5 78.8 55.0
XVIII (Plot 50) 3 335 89.4 45.1
XVIII (Plot 50) 24 24.0 68.0 57.0
Dames and Moore, 1977 -
VII (Plots 4, 5, 6) 1 8 23 55
VII (Plots 4, 5, 6) 1 13 80 51
VII (Plots 4, 5, 6) 1 18 91 47
VIl (Plots 4, 5, 6) 1 23 64 60
VII (Plots 4, 5, 6) 1 29 28 51
VII (Plots 4, 5, 6) 2 10 85 50
VII (Plots 4, 5, 6) 2 20 89 49
Dames and Moore, 1975
VII (Plots 4, 5, 6) 1 14 95 52 113 61 MH 48
VII (Plots 4, 5, 6) 1 22 71 57
VII (Plots 4, 5, 6) 2 13 84 51
VII (Plots 4, 5, 6) 2 18 97 46
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

[ I Percent USCS | Dry Wt. [ Void | Spec. K TOC
Discharger Area (Site) Borillq_{ Depth |[Moisture| PL LL PI _[Class.| (pcf) | Ratio Grav. [(cm/sec) (mg/kg)
Lowney-Haldveer Associates, 1974
(Plot 20) 1 13 87
(Plot 20) 1 18 82 37 72 35 MH
(Plot 20) 1 23 90
(Plot 20) 1 28 79
(Plot 20) 1 33 101
(Plot 20) 2 18 78 37 75 38 MH 50
(Plot 20) 2 23 74
(Plot 20) 2 33 73
Cooper-Clark & Associates, 1970
(Bank of America) 2 8.5 59.2 61.0
(Bank of America) 2 12.0 78.7 51.0
(Bank of America) 2 16.5 96.8 45.0
(Bank of America) 2 21.5 27.9 96.0
(Bank of America) 5 8.5 247 89.0
(Bank of America) 5 11.5 85.5 50.0
(Bank of America) 5 15.5 96.9 45.0
(Bank of America) 5 20.5 94.3 47.0

Harding, Miller, Lawson, & Associates, 1969

(Sewage Treatment Facilities)] 1 8 68.8 57

(Sewage Treatment Facilities)| 2 24 81.4 ‘ 51

(Sewage Treatment Facilities)| 3 17 80.8 49

(Sewage Treatment Facilities)| 4 30 55.3 66

(Sewage Treatment Facilities)| 5 12 100.3 44

(Sewage Treatment Facilities)| 5 28 80.5 53

(Sewage Treatment Facilities)| 6 13 97.1 45

(Sewage Treatment Facilities)] 7 14 98.5 47

(Sewage Treatment Facilities)| 10 22 58.2 59

(Sewage Treatment Facilities)| 12 33 61.8 63

Lee & Praszker, 1969 ~

VIl (South Terminal) G2 - 11 98.6 46.1 2.54
VIl (South Terminal) G2 24 94.3 46.8 2.49
VIl (South Terminal) G2 32 92.0 48.1 2.39
VIl (South Terminal) G2 42 92.8 | 4509 2.56
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

( Percent USCS | Dry Wt. | Void | Spec. K TOC
Discharger Area (Site) Boring| Depth |Moisture| PL LL Pl _|Class.| (pcf) | Ratio Grav. |(cm/sec) (mg/kg)
Lee & Praszker, 1969 (continued)
VIII (South Terminal) G3 11 954 46.9 2.52
VIII (South Terminal) G3 16 70.2 55.9 1.95
VIl (South Terminal) G3 31 78.2 ' 53.9 2.06
VIl (South Terminal) G3 44 95.1 46.3 2.57
|_IX (North Terminal Gé6 | 11 86.8 | 506 [223
|_IX (North Terminal G6 | 21 90.5 . 486 | 2.36
|_(International Terminal) 11 25 | 832 50.8 | 2.21
(International Terminal) 13 21 74.9 55.4 1.95
!jnternational Terminal) 13 31 87.0 489 | 234
IX (Vault Area) 24 |11 105.0 | 436 2.77
IX (Vault Area) 24 | 21 94.5 | 467 2.51
Dames and Moore, 1968
XVI (MOC) | 3 ] 24 | 87 ] | 49 ] J
Lee & Praszker, 1968
VIl (South Terminal) 2 20 157.2 304 4.50
(Rental Car Sites) 2 12 68.3 59.3 1.82
(Rental Car Sites) 2 25 90.0 49.1 2.41
(Rental Car Sites) 3 19 78.8 54.7 2.04
(Rental Car Sites) 4 10 100.0 45.3 2.67
(Rental Car Sites) 4 20 103.1 442 2.74
(International Terminal) 12 20 91.2 49.3 2.44
IX (North Terminal 21 8 79.5 53.3 2.11
IX (North Terminal 21 15 94.1 47.4 2.50
IX (North Terminal 21 22 83.5 52.1 2.22
IX (North Terminal 22 15 90.4 48.8 2.33
IX (North Terminal 22 21 92.6 48.0 2.41
Cooper-Clark & Associates, 1967
(Plot 12) 2 | 75 67.7 [70.0 T116.2 | 46.2 MH | 57.0 ] ]
(Plot 12) 2 10.5 87.7 | 57.8 [100.8 | 43.0 MH | 500 N
(Plot 12) 2 15.0 20.2 175 | 324 | 1409 CL 108.0
(Plot 12) 3 9.0 90.6 39.2 |117.3 | 781 CH
(Plot 12) 3 11.5 26.5 101.0
| (Plot 12) 5 10.5 21.0 | 107.0
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

Percent USCS | Dry Wt. [ Void Spec. K TOC
Discharger Area (Site) Boring| Depth |Moisture| PL LL Pl [Class.| (pcf) | Ratio | Grav. (cmisec)| (mg/kg)
Cooper-Clark & Associates, 1967 (continued)
(Plot 12) 5 21.5 21.8 104.0
(Plot 12) 6 5.5 40.1 36.6 | 83.0 | 464 CH 74.0
(Plot 12) 8 55 455 36.1 | 789 | 42.8 MH 71.0
(Plot 12) 8 9.5 83.1 348 | 940 | 59.2 CH 51.0
(Plot 12) 9 3.0 39.8 67.0
(Plot 12) 9 5.5 61.4 58.0
(Plot 12) 9 9.0 86.7 50.0
(Plot 12) 10 12.0 25.9 95.0
(Plot 12) 11 6.5 36.4 72.0
Cooper-Clark & Associates, 1966
| (Plot 1) 1 10.5 85.9 49.0
I (Plot 1) 5 15.5 97 1 45.0
Woodward-Clyde-Sherard & Associates, 1966
Xl (Plots 7, 8, 10) 1 7.0 61.0 63.0
Xl (Plots 7, 8, 10) 1 12.0 107.0 42.0
Dames and Moore, 1962
| (Plot 1) 11 9 74 55
I (Plot 1) 11 15 140 35
Dames and Moore, 1960
IX (Vault Area) A 10 108.0 45
IX (Vault Area) A 18 105.0 46
IX (Vault Area) A 24 106.0 46
VIII (South Terminal) 1 19 114.7 43
VIl (South Terminal) 1 30 94.8 49
VIII (South Terminal) 1 46 72.0 56
VIIl (South Terminal) 1 54 64.5 61
VIII (South Terminal) 2 15 94.9 49
VIII (South Terminal) 2 35 84.5 52
VIII (South Terminal) 17 25 145.0 34
VIII (South Terminal) 17 40 74.0 56
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Table 2-1 (Continued)
Physical Soil Properties
Bay Mud - Airport Wide

’ Percent ’ j [ ’ Uscs I Dry Wt. | Void | Spec. K l TOC
LDischarger Area (Site) Boring| Depth |[Moisture PL LL Pl | Class. (pcf) | Ratio | Grav. {cm/sec) (mg/kg)
Dames and Moore, 1948
IX (North Terminal) | 6 | 22 | 100.8 J } [ [ | 452 } [ [ J
IX (North Terminal) | 8 | 5 | 954 ] l | | | 4438 J
| IX(North Terminal) | 8 | 22 | 898 ’ [ [ j | 481 !
|_(International Terminal) [ 10 | 11 [ 1053 j } l [ | 434 ]
(International Terminal) | 10 |16 | 852 [ j | ) | 498 |
Average l 78.7 I 38.5 I 84.1 ’ 45.5 / ’ 54.9 2.34 | 271 | 2E-07 I 5477
Maximum | 1572 | 70.0 [117.3 | 78.1 l | 1160 | 450 | 2.97 | 4E-07 [ 15000 |
| Minimum | 16.0 | 175 | 32.0 | 8.0 [ | 30.4 0.59 | 258 | BE-08 | 91 ‘!
PL - Plastic Limit (%) PI - Plasticity Index (%) pcf - pound per cubic foot
LL - Liquid Limit (%) TOC - Total Organic Carbon
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Table 4-1
Estimated Levels of Groundwater Contamination in A-Sand Zone
Based on Dilution of Infiltration from A-Fill Zone

Bay Mud Evaluation - SFIA

Infiltration Conc. Qp M1 Qa Cgw
CASE (L/hr) {ug/L) {m®/day) {g/day) {(m®/day) {ug/L)
1 13.9 100 3.34E-01 3.34E-02 1.25E-02| 96
2 80.4 100 2.41E-01 2.41E-02 1.25E-02] - 95
3 - 1.48E-03 100 3.55E-05 3.55E-06 1.25E-02 0.28
4 3.79E-02 100 9.10E-04 9.10E-05 1.25E-02 6.8
5 47.3 100 1.14E+00 1.14E-01 1.25E-02 99
NOTES:

- Infiltration = Volumetric flow rate of infiltration into the A-Sand zone. From Figures 4-14 through 4-18
- Conc. = Aqueous-phase concentration of infiltration into A-Sand zone,
~ Qp = Volumetric flow rate of infiltration into the A-Sand zone.
- M1 = Mass loading rate to A-Sand zone.
- Qa = Volumetric flow rate of groundwater in A-Sand zone.
Where: Qa =klA
k= 1E-4 cm/sec = 8.64E-2 m/day
i=0.01
A=b'w= 3.8m*3.8m (Assume mixing zone b = ¥ of the average thickness of the
A-Sand or 3.8 meters. Assume width w = b).
Qa=0.0864*0.01*38*38
Qa = 1.25E-02 m¥/day
- Cgw = Contaminant concentration of groundwater in A-Sand zone.
Cgw = (M1/(Qp+Qa))

- Reference: Summers, K.S., Gheriniand C. Chen, Tetra Tech Inc., Methodology to Evaluate the Potential for
Groundwater Contamination from Geothermal Fluid Release, EPA-600/7-80-1 17, 1980.
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Table 4-2
AT123D Input Parameters
Bay Mud Evaluation - SFIA

Param. Type I Parameter l Value l Units Reference
Source Chemical Source Type Continuous — —_
Discharge Time of Chemical Source Variable by Case* days —_
Chemical Release Rate Variable by Case* Kg / hour —
Initial Volume for Release Variable by Case? cubic meters —_
Aquifer Aquifer Width Infinite meter B&McD95
Aquifer Depth 7.5 meter B&McD95
Poraosity 0.30 Unitless B&McD94
Hydraulic Conductivity 0.0036 meter / hour B&McD94
Hydraulic Gradient 0.01 Unitless B&McD94
Bulk Density of Soil 1860 Kg / cubic meter B&McD94
Longitudinal Dispersivity 10 meter AT123D
Lateral Dispersivity meter AT123D
Vertical Dispersivity 1 meter AT123D
Chemical* Apparent Diffusion Coefficient 36E-6 sq. meter / hour WRR
Distribution Coefficient Variable by Chemical? | cubic meter/ Kg SPHEM
Decay Constant Variable by Chemical? 1/ hour EDR
Notes:

*
1

2

AT123D -
B&McD94 -

B&McD95 -

EDR -
FE -
PCH -
SPHEM -
WRR -

Applicable only for chemical specific modeling

See Table 4-3 for further Information.

See Table 4-4 for further information.,

AT123D Operations Manual, G.T. Yeh, March 1981.

"Additional Site Investigation and Remediation of the Former PAN AM Plot 1 Site (UST Area) - San Francisco

International Airport", Burns and McDonnell Waste Consultants, March 1994,

"Task 1A - Preliminary Bay Mud Evaluation at the San Francisco International Airport, San Mateo County", Burns and

McDonnelf Waste Consultants, February, 1995.

"Handbook of Environmental Degradation Rates", Howard et.al,, 1991,

"Foundation Engineering", Peck e, al., 1974.

"Physical and Chemical Hydrogeology”, Domenico and Schwartz, 1990,

Superfund Public Health and Evaluation Manual, Environmental Protection Agency, October 1986.

“"An Advection-Diffusion Concept for Solute Transport in Heterogeneous Unconsolidated Geological Deposits",

Giltham et al, Water Resources Research, March 1984,
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Table 4-3
Case Specific AT123D Input Parameters
Bay Mud Evaluation - SFIA

Case Chemical Chemical Release Length, Width, and
Release Rate Duration Thickness of Initial
(Kg / hour) {years) Application Area (meters)
1 1.39E-06 10 20x64x7.5
2 1.01E-06 . 0.33 10x10x7.5
3 148E-10 10 2x2x7.5
4 3.79E-9 10 2x2x75
5 4.73E-06 .0274 (10 Days) 10x10x7.5
Notes:

- Cases 1 through § are described In Figures 4-14 through 4-18, respectively.
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Table 4-4

Case Specific AT123D Results
Bay Mud Evaluation - SFIA

Case Case Description 500 ft. Peak 750 ft. Peak 1000 ft. Peak 1250 ft. Peak
Groundwater | Groundwater | Groundwater Groundwater
Conc. (ppb) Conc. (ppb) Conc. (ppb) Conc. (ppb)
1 Tidal Channel 6.12 4.91 422 3.76
2 Newly Emplaced Piles 0.481 0.387 0.334 0.298
3 Degraded Piles 0.005 0.004 0.004 0.003
4 Improperly Plugged 0.139 0.113 0.098 0.087
Boreholes
5 Open Excavation 0.188 0.151 0.130 0.116
Notes:

- Results for the five cases shown above are for a conservative (non-dispersive, non-diffusive),

ftedisfold 12014\

non-degrading, generic chemical.




. Table 4-5
Chemical Specific AT123D Input Parameters

Bay Mud Evaluation - SFIA

Chemical CAS Number Organic Carbon Kd Distribution Retardation | Decay Constant
Partitioning Coef., Koc (mL/g) Coefficient, Kd Factor, R k

(mL/g) m*/Kg (1/hour)
Benzene 71-43-2 83 0.83 8.30E-04 6.1 4.01E-06
Chloroform 67-66-3 31 0.31 3.10E-04 29 1.60E-06
1,2-dichloroethane 107-06-2 14 0.14 1.40E-04 1.9 8.02E-06
1,1-dichloroethene 75-35-4 65 0.65 6.50E-04 5.0 2.19E-05
1,2-dichloroethene 540-59-0 49 0.49 4.90E-04 4.0 1.00E-06
Ethylbenzene 100-41-4 1100 11.00 1.10E-02 69 1.27E-05
Methylene chloride 75-09-2 8.8 0.088 8.80E-05 1.5 5.16E-05
Tetrachloroethene 127-18-4 364 364 3.64E-03 24 4.01E-06
Toluene 108-88-3 300 3.00 3.00E-03 20 1.03E-04
1,1,2-Trichloroethane 79-00-5 56 0.56 5.60E-04 45 3.96E-06
Trichlorethene 79-01-6 126 1.26 1.26E-03 8.8 1.75E-06
Vinyl chloride 75-01-4 57 0.57 5.70E-04 45 1.00E-06
Xylenes 1330-20-7 240 240 2.40E-03 16 8.02E-06

Notes:

- All Organic Carbon Partitioning Coefficient (Koc) values were obtained from the Superfund Public Health Evaluation Manual,

Environmental Protection Agency, October 1986.

- Decay Constant (k) values were obtained by multiplying 0.1 by the decay constant values in "Handbook of Environmental
Degradation Rates", Howard et. al., 1991.

- In calculating the Distribution Coefficient (Kd), the fraction of organic carbon was assumed to be 0.01.
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Table 4-6
Chemical Specific AT123D Results

Bay Mud Evaluation - SFIA

1,2 - Dichloroethane
1,1 - Dichloroethene

Ethylbenzene
Methylene Chloride
Tetrachloroethene
Toluene
1,1,2-Trichloroethane
Trichloroethene

Xylene

6.25E-04
3.92E-15

4.49E-12
1.61E-14
0.00E+00
7.84E-05
1.0

3.09E-19
1.92E-22
0.00E+00
1.20E-07

Chemical 500 ft. Peak 750 ft. Peak 1000 ft. Peak 1250 ft. Peak
Groundwater | Groundwater | Groundwater | Groundwater
Conc. (ppb) Conc. (ppb) Conc. (ppb) Conc. (ppb)
Benzene 1.18E-09 4.57E-13 1.83E-16

2.68E-26
0.00E+00
0.00E+00
2.21E-10

1.69E-36

0.00E+00
7.06E-34
0.00E+00
0.00E+00
4.15E-13

0.00E+00

Notes:

- The chemicals indicated were modeled using the Case 1 scenario and the specific distribution coefficients and
decay constants as shown on Table 4-4.

- Shading indicates chemical concentrations in groundwater plotted in Figure 4-24
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Table 4-7

Case 1 - AT123D Resuilts for
Various Concentrations of 1,2-Dichloroethene
Bay Mud Evaluation - SFIA

02/20/86 k\unkedisfo\412014\

Initial Source 500 ft. Peak 750 ft. Peak 1000 ft. Peak 1250 ft. Peak
Concentration Groundwater | Groundwater | Groundwater | Groundwater
(ppb) Conc. (ppb) Conc. (ppb) Conc. (ppb) Conc. (ppb)
10 1.40E-02 1.46E-03 1.68E-04 1.99E-05
100 1.40E-01 1.46E-02 1.68E-03 1.99E-04
1,000 1.40E+00 1.46E-01 1.68E-02 1.99E-03
10,000 1.40E+01 1.46E+00 1.68E-01 1.99E-02
Notes:

- The peak groundwater concentrations indicated above are for 1, 2-Dichloroethene with the specific
input parameters shown on Tables 4-2 through 4-4.
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LEGEND
UNIFIED SOIL CLASSIFICATION SYSTEM
LETTER
MAJOR DIVISIONS STAREL. DESCRIPTION
CLEAN GRAVELS GW | WELL-GRADED GRAVEL, GRAVEL-SAND MIXTURE
ot | ORUEL|LITTLE OR NO FINES| GP | POORLY-GRADED GRAVEL, GRAVEL-SAND MIXTURE
wwlra
=2 OREYELLY | GRAVEL WITH FINES | GM | SILTY GRAVEL, GRAVEL-SAND-SILT MIXTURE
U‘)__,a"J
g5 APPRECIABLE FINES | GC | CLAYEY-GRAVEL, GRAVEL-SAND-CLAY MIXTURE
F=aTeN—]
£=R CLEAN SANDS SW | WELL-GRADED SAND, GRAVELLY SAND
T TO
= SAND |LITTLE OR NO FINES| P | POORLY-GRADED SAND, GRAVELLY SAND
< 0C <L
SS | SANDY SOILS | SANDS WITH FINES SM | SILTY SAND, SAND-SILT MIXTURE
APPRECIABLE FINES | SC | CLAYEY SAND, SAND-CLAY MIXTURE
o M| SILT, CLAYEY SILT, SILTY OR CLAVEY VERY
HIS R FINE  SAND, SLIGHT PLASTICITY
222 S5 LIQUID LIMIT | CLAY, SANDY CLAY,SILTY CLAY, LOW T0
4Fs| v LESS THAN 50 MEDIUM PLASTICITY
50 ORGANIC SILTS OR SILTY CLAYS OF LOW
oBe OL | pLasTICITY
208 v | SILT, FINE SANDY OR SILTY SOIL WITH
SE3|  oure HIGH' PLASTICITY
ST=1 A gl CH | CLAY,HIGH PLASTICITY
bwz| s MORE THAN 50
ES8E OH | ORGANIC CLAY OF MEDIUM TO HIGH PLASTICITY
HIGHLY ORGANIC SOILS PT | PEAT, HUMUS, SWAMP SOIL
[ PAVEMENT
s A-FILL ZONE
B  CLAY (YOUNGER BAY MUD)
SAND
PEAT
SILTS OR CLAYS (OLDER BAY MUD)
NOTE: Burns Figure 4-2

APPENDIX A PROVIDES BORING LOGS
FOR GEOLOGIC PROFILES.

&
McDonnell

GEOLOGIC PROFILE
LEGEND
BAY MUD EVALUATION - SFIA
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CASE 1

Calculation of the Migration of a Contaminant Due to a Tidal Channel

M

X

Z

m = i
e Tk e a7
. =

D,

W

3
\{

Cross-Section of a Tidal Channel
Note: Diagramis not to scale.
Assumptions:

Width of Tidal Channel (W) = 6,400 cm
Length of Tidal Channel Intersecting A-Sand (X) =2,000cm -
Difference between Heads, H; andH, ( A H)=6.5ft=198cm

Heads H, and H, apply to Fill zone and A-Sand zone respectively.
Dy = Tidal Channel Thickness = 16 ft = 488 cm '

D, = Bay Mud Thickness @ Base of Channel =4 ft =122 cm
Combined Thickness of Dy and D, =20 ft =610 cm

Hydraulic Conductivity of Tidal Channel (K 4 ) = 1E-5cm/s
Hydraulic Conductivity of Bay Mud ( K, ) = 2E-7 cm/sec

1. Calculation for the effective Hydraulic Conductivity (Tidal Channel + Bay Mud) =
=9.26E-7 cnvsec
Dy /Ky + D, /K,
whereD=D;+D,=20ft=610cm

2. Calculation of the gradient (i) through the tidal channel:
Gradient (i) = (A H)/D= 198 cm/610cm=.325

3. Calculation of the volumetric flow rate ( Q ) through the tidal channel:
Flow Rate ( Q) = ( Effective Conductivity ) (i) (W) (X)=
= (9.26e-7 cmysec) (.325) (6,400 cm) (2,000 cm)
=3.9cm3 /sec = 13.9 Uhour

. Figure 4-14

BENFCRNN | /\Sc 1o TIDAL CHANNEL

McDonnell CALCULATIONS

Come & | BAY MUD EVALUATION - SFIA
Inc.




CASE 2

Calculation of the Migration of a Contaminant Due to Newly Emplaced Piles

Assumptions:

Seepage Face of Borehole (h) =50 cm

1.

I

h Fill

///

NN

A-Sand
Zone

| 2

Cross-Section of Borehole

Width of a Square Pile (x) = 14in = 356 cm -
Hydraulic Conductivity of the Fill (K) = 7 E-5cm/ sec x=14in.
Distance from the Borehole to Zero Drawdown (L) = 100 cm
Saturated Thickness of the Fill (H) = 150 cm

Amount of Time the Drilled Borehole VMl Remain Open () = 3 hours 4 em
Pile Placement Area (20 piles) (A) = 1,000 cm by 1,000 cm

Note: Both diagrams are not to scale.

r=10in

"

Map View - Borehole and Pile

Calculation of the borehole radius (r):

Radius of Borehole (r) = (0.5)(2x2)25= (0.5)[ 2 (14)2]°s
Radius of Borehole (r) = 10in = 254 cm

. Calculation of the volumetric flow rate (q) from the fill to the borehole:

(Assuming entire q flows into the A-Sand Zone at the same rate, and no water
flows from the Young Bay Mud) (Equation was taken from "Dewatering and
Groundwater Control", a publication of the Dept. of Army, Navy, and Air Force,
p. 4-2)

Flow Rate (q)

(K)(2rr)(H2- h2) / (2L) = (7 E-5)(x)(25.4)[(150)2- (50)2]/ (100)
Flow Rate (q)

112 cm3/sec = 402 L/hour (NOTE: Qis per pile)

. Caculation of the volumetric flow rate (Q) of contaminated water flowing from the fill

down into the A-Sand Zone assuming 20 piles are installed per day and the drilled
borehole for each pile remains open for 3 hours:

Flow Rate (Q) = q(no. of piles per day) = (4.02)(20)
Flow Rate (Q) = 80.4 L/hour (or 241 L/day assuming the pre-drilled
boreholes remain open for 3 hours).

Figure 4-15

CASE 2 - NEWLY EMPLACED
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CASE 3

Calculation of the Migration of a Contaminant Due to a Degraded Pile

- W]

Fill

NANNRNNNRY

A-Sand
Zone

O ~-——

Cross-Section of Borehole

Note: Diagram s not to scale.

I
x

Assumptions:
Width of the Pile (w) = 14in = 356cm
Hydraulic Conductivity of the Pile (K) = 1 E-6 cm/ sec

Thickness of Youing Bay Mud (D) = 20t = 610cm
Difference between Heads, H; and H, (A H) = 6.5t = 198 cm

1. Calculation of the gradient (i) through the pile:

Gradient (i) = (AH)/ (D) = 198/610
Gradient (i) = 0.325

2. Calculation of the volumetric flow rate (Q) through the pile:

Flow Rate (Q) = (K)(i)w)? = (1 E-6)(0.325)(35.6) 2
Flow Rate (Q) = 4.11 E-4 cm®/ sec = 1.48 E-3 L/ hour

& Figure 4-16

CASE 3 - DEGRADED PILE
Waste CALCULATIONS

Consultants, | BAY MUD EVALUATION - SFIA

Inc.
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CASE 4

Calculation of the Migration of a Contaminant Due to Improperly Plugged Boreholes

I

Fill

NN\

. 7

A-Sand
Zone

Cross-Section of Borehole

Note: Diagram is not to scale.

Assumptions:

Radius of the Borehole (r) = 4in = 10.2 cm

Hydraulic Conductivity of the Borehole (K) = 1 E4 cm/ sec
Thickness of Young Bay Mud (D) = 20t = 610cm

Difference between Heads, H; and H, (AH) = 6.5ft = 198cm

Heads H; and H, apply to the Fill zone and A-Sand zone respectively.

1. Calculation of the area (Ab) of the borehole:

Area of Borehole (Ab) =nr2=7(10.2) & 324 cm 2

2. Calculation of the gradient (i) through the borehole:

Gradient (i) = (AH)/ (D) = 198/610
Gradient (i) = 0.325

3. Calculation of the volumetric flow rate (Q) through the borehole:

Flow Rate (Q)
Flow Rate (Q)

(K)(i{Ab) = (1 E-4)(0.325)(324)
1.05E-2cm®/sec = 3.79 E-2 L/ hour

| Burns | Figure 4-17

CASE 4 - IMPROPERLY
ABANDONED BOREHOLE
Consaltante CALCULATIONS
e |BAY MUD EVALUATION - SFIA
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CASE 5

Calculation of the Migration of a Contaminant Due to an Open Excavation

- L >

Cross-Section of a Portion of the Trench
Note: Diagramis not to scale.

Assumptions:

Hydraulic Conductivity of the Fill (K) = 7 E-5cm/ sec
Length of the Trench Section (X} = 100 m (10,000 cm)
Distance from the Trench to Zero Drawdown (L) = 100 cm
Saturated Thickness of the Fill (H) = 50 cm

Seepage Face in the Trench (h) = 25cm

1. Calculation of the volumetric flow rate (Q) from the fill to the trench section:

(From "Dewatering and Groundwater Control", a publication of the Department of Army, Navy,
and Air Force, p 4-5)

Flow Rate (Q) = (K)(X)(H2-h2) /(L) = (7 E-5)(10,000)[(50)2- (25)2] / (100)
Flow Rate (Q) = 13.1cm?/sec = 47.3 L/ hour

% Figure 4-18

CASE 5 - OPEN EXCAVATION
Waste CALCULATIONS

Consultants, | BAY MUD EVALUATION - SFIA

Inc.
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APPENDIX B
Geotechnical Memorandum




‘McDonnell

Memorandum
Date: April 3, 1995

From: Craig Buhr
Ali Abdel-Hagq

To: Paul Niebergall
Re: UALRP

San Francisco Airport
94-023-4-120-14

As per our meeting on March 21, 1995, this memo provides a discussion from a
geotechnical standpoint, of potential for cross contamination to the underlying
strata below the bay mud, as a result of the proposed pile driving at the
airport.

Our opinions and conclusion in this regard are based on information obtained from
the following sources:

1. A review of geotechnical reports by Trans Pacific Geotechnical Consultant
-Dames & Moore (1991, 1992), Rutherford & Chekene (1980), and an
environmental report by Burns & McDonnell (1995).

2. Telephone conversations with Mr. David Keefer at the U.S.G.S and Ms. Sena
Huse at Santa Clara Water District. The minutes of the telephone
conversations are attached herewith.

3. An extensive research in available literature on topics related to driven
piles in multi-layered soils, liquefaction due to pile driving, and
potential for liquefaction due to future earthquake events. The attached
reference list includes some of these references.

BACKGROUND

It is our understanding that the San Francisco Airport has proposed facilities
expansion and modifications which consist of at least 10 major construction
projects with an anticipation of a extensive pile installation process (4000
driven piles), that will be utilized to support additional proposed developments
at the San Francisco International Airport. The immediately proposed additions
include an International Terminal Building, Boarding Area G, and Ground
Transportation Center, which are addressed at this time in the memo for possible
cross contamination as a result of pile installation. Based upon a review of the
geotechnical investigation report prepared by Trans Pacific-Dames & Moore,
materials encountered at the site consist of fill overlying Young Bay Mud (YBM).
Below, interfingered sand and clay layers were encountered. These layers consist
of predominantly medium dense to demnse clayey to gravelly sand, underlain by
Older Bay Mud (OBM). The OBM is typically underlain by interbedded layers of
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dense sand and stiff clay, down to bedrock.

profile is provided in Table 1.

A summary of the generalized soil

GENERALIZE SOIL PROFILE THICKNESS

7'-20'

Fill 7'-10' 9r-13"
YBM 33'-46' 15'-35"' 18'-43"
Sand & Clay 4'-19°' 20'-35 down to bedrock”
OBM 51-32! 16!

Dense sand & 20'-33" 2'-60'

stiff clay

“This layer of dense sand and stiff clay extends to bedrock at over 100 ft
depth, except at approximately 60 ft below existing grade where an OBM
layer with an average thickness of about 10 ft thick was encountered in
the west side of this site.

The upper fill layer consists of predominantly clayey, silty-sand to sandy gravel
with occasional sandy, silty-clay. We understand that regions within this upper
fill have documented some level of contamination, and it is believed that the YBM
currently provides a barrier that prevents downward migration of contaminants.

As a result of proposed pile installation for the facilities which will penetrate
the YBM barrier as indicated and recommended in the Dames and Moore geotechnical
report, environmental concerns have been expressed for possible cross-
contamination. Such concerns have stemmed from concerns that the pile driving
may provide an avenue for contamination to pass through to lower more permeable
soils or aquifers by, several means including:

1. Contaminated soils either sticking to driven piles or being
displaced through the YBM and into the permeable soils.

2. Formation of localized liquefaction induced sand boils resulting
from high intensity dynamic vibration during pile driving. These
may constitute a "tunnel" or pathway around the pile perimeter
through the bay mud which would allow for cross-contamination.

UALRP .MEM
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3. Formation of progressive fissuring from prior and successive
earthquake events that may be filled with permeable sands. The
formation of these fissures over progressive events may permit
interconnection through the YBM providing a pathway for cross-
contamination. Also the formation of sand boils from lower sandy
layers due to liquefaction of the lower formation under earthquake
events could produce sufficient pressures to break through the
relatively thick bay mud layer.

4, Formation of a zone, thin but of sufficient thickness, between
driven piles and the surrounding YBM soils consisting of granular
soils from the fill or upper permeable layers that would provide a
passage for contaminates to pass through. If available from pile
installation, such zones may become a preferred pathway for
subsequent boils to form due to liquefaction of underlying materials
during a future seismic event.

DISCUS

SION

The expressed environmental concerns were evaluated from a geotechnical

standp

oint, taking into consideration site specific geotechnical conditions,

available geological mapping, and case histories available in literature. A

detail

ed discussion of each of the above concerns is provided below.

Contaminated Soil Advancing with Pile Driving

The proposed pile type to be driven according to Dames & Moore's report is
a precast-prestressed concrete pile.

Two potential regions along the pile could contribute to the possible
advancement of contaminated soil from upper predominately granular fill
and soils. First, soil may build up under the tip of the pile as a
conical wedge during driving. Several references describe this wedge that
can develop, (Vesic 1977).

The second mode of advancement would be for soil to adhere to the pile and
pull along the side of the pile downward. Based upon literature, there
does not appear to be a likelihood for this to occur. Meyerhof (1959) and
Robinsky and Morrison (1964) have shown the extent of vertical
displacement of soils and densification due to driving below and along the
sides of the driven pile.

Robinsky and Morrison utilized carefully conducted model-pile tests in
sand in which the displacement and compaction around the piles was studied
by means of radiography techniques. They also showed that the process of
sand displacement and compaction below the tip is followed by sand
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movements adjacent to the pile sides. The pattern of vertical
displacement by the authors is displayed in Figure 1 which indicates that
these vertical displacements in sands are generally limited to 2 X
diameter or width of pile tip. Therefore transferring downward sandy
soils, typical of the predominate fill and contaminated soils, should not
exceed a penetration depth into the bay mud of more than 2 X the pile tip
width, well less than the thickness observed for the bay mud.

An end bearing soil wedge typically develops downward as the pile tip is
advanced, as shown in Figure 2. Such a wedge is small considering the
small cross sectional area of the pile, approximately 0.5 cubic foot in
volume for a l4-inch square pile. The driven wedge may gradually be
replaced by newly penetrated materials as driving continues and therefore
could be spread over penetration depth.

When the pile enters the bay mud interface, it will encounter a
predominantly cohesive, soft clay-like material. Clays tend to adhere or
stick to the sides of piles over time. During initial driving the clays
are exposed to increased pore pressures which reduce their effective
strength or adhesion capability. Studies conducted upon piles installed
through soft clays over stiff clays have exhibited a very thin zone, less
than 1/2-inch thick, that may remain in contact with the pile side
(Tomlinson 1970). This zone will develop a similar displacement pattern
curling down along the side of the pile as a continuous clay plug. It has
been shown by load test studies that the pore pressures dissipate with
time and the clay’s strength and adhesion to the pile increase (a term
referred to as thixotropy). At such time the clay develops a bond to the
pile and a restriction to flow characteristics.

2. Formation of Localized Sand Boils Resulting from Pile Driving

When piles are advanced into the ground, the driving energy is released
through the pile to the ground. This typically causes a localized
increase of pore water pressure in saturated clays or sands. The
intensity of released energy has been shown to be higher closer to the
pile tip, and should diminish (attenuate) as the distance away from the
pile increases. Similarly, excess pore water pressure is expected to be
the highest closest to the tip and sides of the pile, and should diminish
away from the pile. Therefore, site liquefaction during driving piles has
a localized impact zone very close to the pile tip. In sands, the energy
quickly dissipates, and the localized zone cannot readily break through
the thicker bay mud layer. Furthermore, in sites where interfingered
layers of sand and clay are present, pore water tends to dissipate
horizontally along sandy layer/lens rather than crossing clayey
impermeable soils along a vertical pathway. In such cases, sand boils are
less likely to occur.
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Sand boils formation due to liquefaction during driving piles does not
appear to be a wide spread phenomenon. We reviewed several references
that discuss driven pile installation and influence on adjacent
properties. Research presented to the 1982 GeoPile Conference (Wood 1982)
studied 10 case histories of pile installations in the San Francisco area
and their effect upon adjacent structures. Six sites from the 10 studied
exhibit soil profiles similar to the San Francisco Airport area.
Liquefaction related problems and/or sand boils during pile installations
were not observed or reported in these case histories.

An indicator pile installed at the San Francisco International Airport by
the joint association of Trans Pacific Geotechnical Consultants, Inc. and
Dames & Moore was load tested (Dames & Moore 1992). Several end bearing
and/or friction piles (precast concrete similar to those proposed for
construction) were driven at the three sites. Again, based upon the
document provided from this study by Dames & Moore sand boils or fissures
were not observed or noted during or after pile installation.

Liquefaction Potential at the Site

Geotechnical data shows that the general vicinity of the airport is
susceptible to liquefaction potential and sand boil. However, U.S.G.S
data indicates the airport’'s general area to be within a low to high
potential for liquefaction, depending on the local prevailing site
specific geotechnical conditions (Youd 1987, Mitchell 1990).

Liquefaction potential at the site was evaluated by the project
geotechnical consultant, Dames and Moore & Trans Pacific Geotechnical
Consultant, Inc. Based on the obtained geotechnical data, "it is not
anticipated liquefaction to occur at the site because the sand layers are
predominantly medium dense to dense silty clayey sands," (Dames and Moore
1991).

Since 1liquefaction potential is considered 1low for the site, no

liquefaction manifestation in the form of sand boils or fissures is
expected during future design earthquake events.

Gap Formation Between The Pile And Surrounding Soils

The proposed driven piles at the site are designed as end bearing and/or
skin friction piles. To mobilize the frictional resistance the pile has
to have contact with the surrounding soils. Dynamic monitoring results of
the indicator pile test program indicated that "the tested piles achieved
capacity estimates that readily exceed design requirements at final
penetration," (Dames & Moore 1992).
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The driving force generates excess pore water pressure temporarily which
tends to dissipate after driving is completed (thixotropy). Dissipation
of excess pore water pressure normally leads to tighter grip of soils on
the pile sides. Therefore, based on the available geotechnical data
including the pile field test results, it appears that separation between
the driven pile and the surrounding soils is not likely to occur and if it
occurs, it should be random and limited to local areas, and should not be
continuous to form a drainage path. Furthermore, no sand boils travelling
along the pile-soil interface is expected to develop since the site is
considered to have low liquefaction potential.

Attachments: Reference Sheet
Minutes of telephone conversations
Figure 1

Figure 2
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Telephone Call Memo

Date: March 23, 1995 Time: 1:30 AM / PM
Person: Called/Calling Sena Huse Phone No.  (408)927-0710
Representing:  Santa Clara Water District info. Acct. 9161
Project Name: UALRP (United) Project No.: 94-023-4-120-14
Contract Name: Contract No.:

RE: Conference Call with Dave Stous - Craig Buhr - Ali Abdel-Haq "Concerns Regarding Cross-
Contamination, S.F.A."

Sena first indicated that she works for Santa Clara Water District and the Airport is under the jurisdiction of

San Mateo County, who has the final authority. She is only advising on the matter from experience.

- Sena indicated that deep groundwater is drinking water and is not connected to the marine water. Deep

groundwater has no salts.

- She said we need to search and identify Old Water Supply Wells (1900 or earlier) before the airport

construction.

- She stated that liquefaction is a potential in the area and fissures from lateral spreading will be filled

with sand. - After several earthquakes, different deposits may form.

To help in this matter she recommended reviewing the following resources:

a) U.S.G.S. Publication No. 993 (out of print now) by Leslie Youd & Sena Huse.

b) U.S.G.S. Map "Historic Mapping of San Francisco Bay" U.S.G.S. OFR 71-216.

Note: This map is 7 1/2 min Topo Map showing areas of fill and channel distribution.

- Flood Basin - "Non Marine Deposits". Sena said that a California non-saline bunch grass was growing in the

area, with roots up to 27’ deep (through clay deposits). The roots could entrap the contaminant. She said

we need to carefully look for such roots when we drill on-site.

- Sena said that in her county, they request that all hollow piles be filled with concrete groute placed

inside. She said that in case of non-hollow piles, sandboils can erupt around

piles during an earthquake. However, but during the 1989 earthquake, she is not aware of any similar observation. If

this happens under buildings, we can not see it.

Page _ 1 __of _2
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She recommends we contact: Mike Bennett (U.S.G.S.) - (415) 329-4890

Robert Pyke (Tagon Software Engineering - (415)283-6765 (may change to 510)

- We asked Sena if she has observed liquefaction around piles previously? She said she personally

observed earthquake effects in Guatemala and Argentina. She said she saw wells collapse "she said that is

similar to piles".

- Sena thinks that liquefaction can occur down to 100 feet and she doesn’t agree with Professor H. Seed in this

area.

- We asked her about other references. She is not aware of any other references of sandboils around piles

- In the U.S.G.S. 993 paper, fissures observed in the Young Bay mud deposits. She said bay mud does not have

much tension capability.

Other areas: e Coyottee Creek
° 237 Freeway out to Bay Margin
° Flood deposits and estuary deposits

We can ask Mike Bennett at the U.S.G.S. (415)329-4890, who has done work on liquefaction in the

San Francisco area.

- Sena said that she hasn't seen any reference which talks about liquefaction around piles.

- Cary Sea at Cal Tech did fissure mapping. Not particularly deep fissures observed.

250’ long fissure with 3' to 5' connection fissures and

2" - 3" sandboil pipes, 30" - 40’ long were noted

- Currently they have 27 Artesian Wells in Santa Clara County.

signed: Page 2 of

Person Signing
PN/cgw3ss
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Telephone Call Memo

Date: March 24, 1995 Time: 1:00 AM / PM
Person: Called/Calling David Keefer Phone No. (415)329-4893
Representing:  U.S.G.S. "Menlo Park, California" Info. Acct. 9161
Project Name: UALRP (United) Project No.:  94-023-4-120-14
Contract Name: Contract No.:

RE: March 8, 1995, Telephone Memo, Sandboils around piles - San Juan Earthquake

David informed us that he’d never been to San Juan - Puerto Rico, but he did some work with Professor Leslie

Youd in San Juan - Argentina. Their work in Argentina involved mapping earthquake damage and they studied four

case histories of:

1) Lateral spreading of a block that oscillated back and forth

2) Crack that ripped foundations

3) Tower that was tilted and settled

4) Wire storage that tilted

3) and 4) are supported by concrete slab, not on piles,

David, together with Professor Youd published a paper with the findings of his visit to Argentina, in the

Journal of Engineering, Geology, Volume 37, 1944, pp 211-233.

When asked if he saw liquefaction around piles, David said he has not seen it, only heard about it, and

has not studied it. He also said he thinks it does happen.

David said that he has not done any work around the airport and he is not aware of anybody who has done that,

but recommended to contact: "Bay Conservation and Development Commission" as they may have someone who

has. The above organization is a government agency.

Signed: Page . 1 of 1

Person Signing
PN/cgw384

Waste
Consultants
Inc.
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F1GuRre 3. Radiograph of typical pile point showing main compaction
zone and compaction—expansion sequence during driving

FIGURE 2.8 Displacements around driven pile in sand (after
Robinsky and Morrison, 1964). (Reproduced by permission of the
National Research Council of Canada from the Canadian Geo-
technical Journal, Vol. 1, 1964, p. 81.)
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FIGURE 2.9 Strains around driven pile in sand (after Robinsky
and Morrison, 1964). (Reproduced by permission of the National
Research Council of Canada from the Canadian Geotechnical Jour-
nal, Vol. 1, 1964, p. 81.)
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function of angle of shearing resistance (¢) and rigidity
index (/,.} of the soil can he found in Appendix A, which
also contains a tahle of values of the hearing-capacity
factors N, and N *.

A chart of N -values is shown in Figure 10. If a com-
parison with N, *.values given in conventional theories is
made, 1t is . cortant to keep in mind that these theories
related g, with vertical ground stress (g,), which is related
to the mecan. normal ground stress (o) by Eq. 5. It follows
from Eqgs. 3, 5, and 6 that

Ny = 1501 + 2K N, (7)

Thus, for the total range of K, hetwcen 0.4 and, for exam-
ple. 2.5, the “conventional™ N, * should be cnmpared with
0.6 to 2 N,. A review of cxperimental values of N,* ob-
served in different pite investigations is shown in Figure 11
and summarized in Tahle 3. The availahle evidence sug-
gests that the N, *-values for driven piles in ordinary quartz
sands of alluvial and marine origin do not exceed those for
shallow squarc footings. Thus, a good approximate formula
for N~ expressed in tcrms of ¢ alone is (/)

N, == (1 4 1and)et*n? tan*(45 + ¢/2) (8)

In applving this cxpression or chart in Fig. 10 it is es-
scntial to consider ¢-anglcs corresponding to the stress level
at failure in the vicinity of pile point. For medium-to-dense
sunds, these angles may be substantially lower than ¢-angles
determined from triaxiul tests performed at conventional
low pressures (17).

Figure 8 Failure patterns under pile point in dense sund (220, 34).

‘s wod—

) a i <
Figure 7. Assumed failure pattern under pile point. =li e =v Lo €=
St b W.Q,.s
R ?\;as{»zr_ Ve
N

It is also important to note that the N, *-values for a
homogeneous deposit of dense sand decrease quite dras-
tically with depth, as both ¢ and I, decrease substantially
with mean normal stress (37). For example, at 80 percent

Waste

Consultants,
Inc.

Figure 2




APPENDIX A
Boring Logs

(NOTE: This Appendix contains copies of the logs used to construct
the geologic profiles shown in Figures 4-3 through 4-8. The
logs are presented in order of appearance for each profile.)




GEOLOGIC PROFILE A - A’
(Figure 4-3)



Project:

Project Location:

United Airlines
SFO (Plots 4, 5, and 6)

Project Number: 931053NA

Log of Boring E-7

Date(s) Total Depth Approx. Surface Groundwater First Completlon 24 Hours
Driled  3/25/94 Drilied {feet) 12:0| Eievation (feet) -57 Level (feet) [V 10 |Y y °
Logged Chegked Diameter of Number Disturbed Undisturbed
by 0. Maurer by ',: yHole (inches) 3.25 of Samples 0 1
gglr'ri\?)%ny Access Soll Drilling ﬂ &rg{ir"‘gd Solid Stem Auger ?;igeﬁig Minuteman
Sampler . Drill Bit : Type of Neat Grout (1'-12%)
Typa | 2-inch .D. Modified CA Sive 3.25-inch Backfil
Comments Asphalt patch {0-1')
. SAMPLES | .
c 2 .
£ £ 3 8 ) MATERIAL DESCRIPTION E
) © = |.8
88| 38 |s£ | ¢ |g%ls < REMARKS
o | W& | 88| 2 |as|e® ' 2
0 O a Qo D0 |Ug I
ASPHALT Started drilling
0915
i . V| GRAVEL/ROAD BASE
-y
-1 SC | ——} CLAYEY SAND 1
™ . Brown (10YR 5/4), fine sand, trace gravel (blue), poorly
| T sorted, low plasticity, slightly moist
(556) | 8 R
5- 11 1+ — <1 0920
15 N | becomes dark brown (10YR 4/4), well sorted, roots
“: ] | becomes wet
4 5 [y . 4
5 e
10 5 Y <
CL | —— ] SILTYCLAY .
CH/OHVW AN Dark black (2.6Y N/2), stiff /7 1000
~ \/ BAY MUD 4
? Greenish and very dark gray (2.6Y N/3), high plasticity
) N
TD @ 12 feet Finished 1010
HNu readings of
s I 1 samples unless
otherwise noted
15— - .
20~

7/14/94 UASFOB SFOUA

Woodward-Clyde

Consultants e




el

Drilling Log

Project Name

Project Number

Boring Number

UALRP GY-013-o/ =174 -02Z Mw-273
Ground Elevation Location Plots Y, $i6 Site ;= Page
i S torver ot Roile, Plamd - — - , R

Alr Monitoring Equipment

PID ' ov 5508

; LG o msA

Total Footage

1.s!

Driling Rig

Cr,.(l(afnr&x, 5?11 é_Sfa LEC T

Driiing Type Hole Size Overburden Footage Bedrock Footage No. Of Samples No. Of Core Boxes
1 2 e lab
49 1D HeA 0" nst & 2 Lo Geotech, 7
Driing Company Loy ne- Western Drier ] Recle Cooper | Crevq Corriem
Type st

sl\db5 dube

cme 35 Sampler
D3t 2) Novew-bay -155Y O 2 Novewbe 1559 Feid observer (s} £ Ukrele ko §{Her , V- Fary
PID {ppm)
??epetth) Class CB;g:t Recov. ??r% Snﬁ?gie - Remarks/ 1.
Description ‘| 82 l BH l S Water Levels
JAYPHACT 357 Cored NS Y R
Lornec cTE \ ]
- ) 68
{—{Grav e Sclbage , GP_| :
J5AmeD, veny W,_Fowljj’vad-ot} Frecee clay, 155% 0.0 ]
ek s dménlm o(t-—.r, mod. -s!"Mlsk - ]
H brown (10YR S/q) -
24 Loy +ebe
] y shtby ]
] L 597) RS
32 ]
N 100} 0.0 5,0 0.0 I
1= - g || A
4= o rssrrect S
- /7' 'S S"L s ?2—-,7'5. 4o l“L 1
N 1% ‘(‘ s | Mw-FF-5-2 :
_ 0.0
5 sP 16173 0.6 0.0 ]
e 1RO 0.0 -
R ‘ E
6- 7 A shalby bbe ]
. nJA o & w753 ]
7 3
1= - _ 122 0.0 (o 6o i
e A SAND ver me orly armdect | Jrace , : 11632 - —
‘f’v"ae,’ V"‘O{‘Sﬁé’ A‘AEQK %rez')m;k 3/\!—3 CSQY o) : . ’
8- sP ! 0.0 S0
i ’ /2 } SS"J [Semple o ! :
J8armun- LLAY | 5omne &7eCnieD precly wan /Z 1Y o.0 I w3354 ]
~ 5Ks—¥{u4~3 So Morst rauisth L\az.l(/Nz) 1632 e -
9 —_ ICl\d v\‘ul cg«!tn{:l"\%vw\s (}63y :;2) ‘tgc‘ o0 [e] — -
] A fn é pw33-5 ]
1= E
. —— ST C.0 yoly.] a.n ~
- T, T 2875 ]
12': njaifsd ]
13 k
14 1 | .
_EZ=8reathing' Zone 8H=Bore Hole S=Sample

n/ns1992

Form WCI-OP2-1




GZA STRATIGRAPHIC LOG: B—i

Page 1or t
PROJECT LOC __San Francisco, California PROJECT NO _100488.11
START DATE __6 January, 1994 ’ FINISH DATE _6 January, 1994 :
DRILLING COMPANY __Maggiora Bros. , RIG TYPE _Mobile B-51
DRILLING METHOD 325 inch (ID) Hollow Stem Auger M.P. ELEVATION
DATUM GROUNDWATER ELEVATION —_—
FIELD GEOLOGIST _A- Scott Grant . REVIEWED BY _G. Michael Dennis, R.G.
w O
- S P
£ o S w |+ S .
sl 2| 2| & |u LITHOLOGIC DESCRIPTION 89 * WELL DIAGRAM
O c [= Ll a. : X
= . =X .’:
m g =
12" of sandy gravels artificial fit (ABC) .
3 CLAYEY SAND (SC); moderate yeliowish brown (10YRS/4),
|- B moist, medium dense, no odor.
i <t | 20 | 600
_5
i SILTY CLAY (OH); dusky yellow green (5GY5/2), high
- plasticity, above plastic limit, soft, strong organic odor.
i 38 3 | 1605
—0
= Initial groundwater encountered at 1 feet bgs.
5 — -
Boring terminated at 15 feet below ground surface (bgs).
20
25
~—30




"

DATTM)

ELEVATION IN FEET (SAN FRANCISCO INTERNATIONAL AIRPOR

110
12%-121
+5
21v-105
22%-104
0 20%-104_
36%-75
LL=113
PI=61
-5 95%-48 —
LV=480 DPSF
‘-10
71%-57
V=620 PSF
-1s L 0 PSP
-20
17%-11%
-25
, 31%-95
-30 LV=2900 PSF]
-35
18%-106
-40

45— 20%-107—

-50
0-.

s 30%-93
-60

39%-77
-65
“70 ————— 19%-111]
-7s

17%-114
-80
-85

u-33
U-24
U.-9

'l‘W-l'USIIBJ

THW-3

TW-58

TW-32

TW-17

u-68

BORING |

DUTLLELR 7716/

ELFVATTON co, 1te

F1 TN AL e coucrTe
FIg] sn [ TR oW RTLAY FUE EAGD HEDT UM DERST)
n ‘. B
. 3
s | H
il (WI'THE OCCASIONAL ROCK FRAGHRNTS) R
5 . : ' _L
il - =
CII | DARK GRAY SILTY CLAY :
VEGETATLON (Sx1FF)
(GRABING 70 LESS. D -
MEDTUM STIFF). .
. o .f.l . ’
SH | LIGHT GRAYISH-GRERN STLLY SAND

(MEDIUM DENRSE
TO DENSTE) .- .

¢
%
B

CL

MOTTLED LIGUT DROWN & BROWN FINE .TO MEDIUM

SAND (DENSE)

sp

GREENISH~GRAY FINE TO MEDIUM SAND WITIH SOME
CLAY BINDER (DRNSE)

(GRADING MORE CLAYEY) ™ '

cu

GRELNISH~GRAY' SILTY
STIFF)

CLAY (OLD BAY CLAY) (VERY
(MITH FEW SHELLS)

L+

PLEPY
)

DLIFRrCrS LA

PO A
X

v r—r T
MPLIPLIPAAL ML L AL L
”

r

LT TS

LIGHT GREENISI-GRAY SILTY FINE SAND WITH SOME
CLAY BINDFRR (DENSE)

R K .
(GRADING LIGIFT BROWN) * - - = <. "« . ..
(GRADING WITH COARSE SAND & SOME CLAY)

\DARK GRAY WEATHERED SANDSTONE & SILTSTONE




GEOLOGIC PROFILE B - B'
(Figure 4-4)



-_ e e vv.,.:j ./_ — ) oy
v LG OF BORNG. o m‘ﬁf‘%@@ Ay

FILE NO 14492 L 692 6
' Page. 21 of 27
JOS _San Francisco International Airport DATE DRILLED_12/27/68 INSPECTOR _k
! . : CHECK JCP
Split and
G.S. ELEV__ 8:33  DRILER_J.N. Pitcher Co. RIG_1500 Faf SAMPLER Shelby Tut
‘ Wl BLOWS/FT . V V : PRY UNIT MOISTURE,
DEPTH| ELEV | o 1&| gy 3254 WS ELEV DESCRIPTION weHT| % e
FT | FT |3 |X|orop 18"~ ELEV PCF [DRY WT| e
0 32 L U"-10 Ralt 3 t
+7 .4 ::’V,"_ 9 36 "-10", aspha concrete pavemen 102.4 1 21.8 .64
wLepno L sl X | o' and base wock o [122:6112.8] .37
10 — e — - rust brown silty sand wit R )
4 =k 1 el 53.3] 79.5| 2.11
L j; 0 0 | 6y'=31', grey silty clays, organic 47.6 1 94,11 .
20 ma shells, soft to firm 2.30
1 I3 | sk : - | 52.1| 83.5( 2.22
30 =22.70 = 31'- 48', yellow-rust-brown,silty
+ '\'\."l"” >9 " Fine sand, cohesive, soft 119.3 14.9 | .40
i O 108. . .
40 -+ .\‘-\320 65 48-55%",Gray-buff silty fine sand, 08.9 | 21.6 58
L ;\._:zls 55 cohesive, soft. 103.9 | 23.6| .62
-39, 7.\
50 —+ Ny 8 .35 101.4 | 2502 | .68
1-47.212 % | 20 55%'-62%', medium grey sandy silty
92,71 31.5 .84
60 \? clay, soft. .
R = 62%'-66%', dark grey fractured shale "l
-54,2 R . ! . .
-+ 4 \ weathered and fractured 161 8.0 04
70 _|=58:2 A underlain by bleck shale,
' ‘ hard.
80 -+
90 =~
. T . " |Bottom of test boring is at 66% ft.
100 —— below ground surface at elevation
: _ =58.2ft..
T Water level is at 5 ft. below ground
i " |surface, .
3
g T ‘
X 1 ,
-~
T e g
3:3 4
% L ad
Q\ .

1me e oD ASTKER




) 85 -02503 (/96o)

[
w
w
u
4
z
[=]
[
o
P
w
-4
w

20

{0

=20

~-30

-60

-80
-90
-100
-110

-120

| Boring M 60"'5

20%

14l 1

143% = :

+ 116

184 ¢ 13y _

194 + 110

&

87

]

109

124

LOG OF BORING

=

oty
HER
o

BORING B BN

ORILLED $«19-60 to 9-20-60

ELEYATION 10,5*
SURFACE! 2" BLACKTOP PAYEHMENT

BROWN CRUSHED BASE ROCK (SW)
O0ARK GRAY SILTY SANO wITH FRAGHENTS

OF SANOSTONE (SM) T
(GRADING WITH BROWN SILTY CLAY) AN
WATER LEYEL (9-27-60) o
(6RADING 0ARK BRAY IN COLOR) o
6RAY SILTY CLAY WITH DECAYED YEGETATIOM
(BAY MUD) (CH)
(GRADING SOME SHELLS)
NN

GREEMISH=GRAY WITH § OME CLATEY SANO
(w178 BROWN SPOTS)(SC)

(6RADING GRAYISH-BROWN IN COLOR)

(6RADING LESS SANDY)
GRAY SILTY CLAY (CH)

G6RAT CLAYEY SAND WITH LENSES OF MEQIUM
SanD (cL)

GRAYISH=BROMN WEATHERED FRACTURED
SANDSTONE

DAMES 8 MOORE

SOIL MECHAKICS (NQINCINE




Boring LPEI~ GF
LOG OF BORNG a2~ owcra 4=

FILE NO _L&449B

JOB _San Francisco ‘International Airport _ DATE DR[LLED._?-.&LQ&__ ]NSPECTOR <
' » CHECK _JCP_
. . , . D, Split and
G.S. ELEV___10.13 DRILLER J.N. Pitcher Co. RIG_1500 Failing SAMPLER Shalby Tub.
WIBLOWS/FT | w. s. 4 PRY UNIT MOLSTURE] VO
°E:T” E::" g §w7 325#ws ELEV DESCRIPTION weiT| % RAT%
F < | <] oroP_jgu|~- ELEV ' PCF JORY WT] e
oero.1] | Ter]y
N i ' 0-10', Asphalt pavement and base . )
T SVES 11130 rock, underlain by grey 96.11| 26.6 .73
_ A . = 511ty sand with rock frags
10 oo, 1S5 '
, AEEe S, £i11 96.0| 25.6] .70
T T 10-30', Grey s:.lty clay, soft,
20 - AN organic
S % 0] 3 30-38", Green silty sand with small 49.3| 88.8| 2.31
T ' g rock fragments, stiff ]
30 ——19 9;5;; 38'-50', Tan-brown coarse to medium
Lo R s rotild v brom tiecks  [H0-4] 19:4] .50
27,9 2 :
40 —+ ::5;:,1_ 50-62', Green sand, clean, dense
i SoRE O3 |21 112.6 | 18.0| .47
28, :
50 """-39.9;'5‘.. : 62-64', Bedrock, sandstone, well
4 {E%Z 10 |58 fractured w/ clay seams 105.4 f 21.0) 8
60 —T=51.9}i )
1-53.9F 80 —21.6 | 15.2| .37
70 4 .
80 -
=To 1} U T
10Q ——
110
120 =+
+ Bottom of test boring 64' below
130 4 ground surface at elevation 53'10",
Ground water level 7.25' below
-+ ground surface
140 ——
150 ——
S Lo ad

ef o L5598 (/963)




ol

=SB g APeI~ G

e o 1ds LG OF BORNG 2 — gy _4-7

JOB _San Francisco -International Airport _ DATE DRILLED_Z_&LQL. INSPECTOR <
' - CHECK _JCP_
. . , ) :, Split and
G.S. ELEv__10.13 DRLLER__J.N. Pitcher Co. R|G 1500 Failing SAMPLER_ Shelby Tu:
WIBLOWS/FT |W. S. ELEV. DRY UNITMOLSTURE] VOID
DEF:_TH E::V 8 §WT 3254 DESCRIPTION WEIGHT % RATIO
0 10,1 1 1e'll! I
N - ' 0-10', Asphalt pavement and base "§ not ,
T o:: 11} 30 v rock, underlain by grey 96.1] 26.6| .73
10 - NG : = silty sand with rock frags
’ -“0.1 FOERT s A b fill 96. 25.6 .70
T - 10-30', Grey 311ty clay, soft,
20 L. BN organic
555 0] 3 30-38", Green silty sand with small 49.3| 88.8] 2.131
T ' B rock fragments, stiff
30 =19 943,7 38'-50', Tan-brown coarse'to medium
‘ X115 |53 sand w/ rock frags., 110.4| 19.4| .50
27,918 mottled w/ brown flecks
40— 'o 50-62', Green sand, clean, dense
i A0EA 3 |21 112.6 | 18.0| .47
2.8. :
50 ==39.9= : 62-64', Bedrock, sandstone, well
4 S ’:«Z 10 |58 fractured w/ clay seams 105.4 | 21.0 "3
N\ - o R *
60 =T=51.9} ¢ _
4-53.9 80 : 121.6 | 15.2| .37
70 D .
80 e
90 g
100 4~
110 -~
120 =
+ Bottom of test boring 64' below
130 - ground surface at elevation 53'10".
Ground water level 7.25' below
-+ ground surface
140 ——
150 ——
S 4

2ef . 24588 (/963)




T v i :‘%my 59~ GE
LOG OF BORING

ALE NOL&449B owcraM _4-8

jop _San Francisco International Airport DATE DRILLED . [5_[@2 lNSPECTOF?CgCP
l-gE(L:lt and
G.S. ELEV 9.59! DRLLER __ J-N. Pitcher Co. RIG_1500 Failing SAMPLER_Shelby Tube

WIBLOWS/FT |w. 5. ELEV. ‘ PRY UNITMOISTURE| vOID
DEPTH | ELEV 9 g wt 325" DESCRIPTION WEIGHT| % | RATIO
FT FT 12 <loror_18" ~3- ELEV| , PcF |DRY WT| e

o _t9.6' 6'1 1"
. S 5N e 0-7', Asphalt pavement and base
"'+2.6'5,\~'°l"'" 9 5 v ro;k undcelrle/un bi green-greygl.l 33.0] .81
10 - o | o | 21? sanc W/ rock 1rags, {78.4] 90.2| 2.37
1 -
T, N 7-32', Grey silty clay, soft,
20 N , organic, UBM . :
AN > 0 0. 32-56", Brown-green silty fine 46.81 95.71 2.49
, T sand, firm near 50'.
30 1. S , ’ :
“22.4 ey, 109.6 | 18.5| .52
e :\: . .
T ek 108.6 | 20.4 | 53
"\—' ! N 3 . 3
T ""4 5 |19 56-70', Green silty clay, with brn. |
50 —— '\ organic flecks, stiff
Lot 4lNOER 1147 9%.5 | 33.5| .76
60 —+ - 70-76", Green clayey silty fine
1 S 8 25 sand W/ rock frags. Stlff 80.6 | 41.7 1 1.05
2 76-78% ', Bedrock, tan-brown, sand- |
30 —=60.4[ / stone, well fractured
66,4 05111 g | h11.2 [19.2 ] .49
8o —=68.9 L b5t /125 3¢6.3 | 9.4 .24
900 —
100 —+
1107
120—
130 Bottom of test boring 78%' below ’
4 ground surface at elevation-68.9'..
Ground water level at 9.7' below
140 —— ‘ground surface.
150 |
1 i
g ,




&ﬁpj .Zpég— 69

LOG OF BORING cucran _A=9_

FILE NO _L449B

JOB _San Francisco International Airport DATE DRILLED_2/4/69 INSPECTOR Z
CHECK JCP__
Split and
G.S. ELEV 9.25 ORLLER___J.N. Pitcher Co.RIG.1500 Failing SAMPLER Skalhy Tube
WIBLOWS/FT [w. s. 1B DRY UNIT MOSTURE] .
DEPTH | ELEV S || wr _325# " S BV DESCRIPTION weGHT| % ;f;,oo
FT FT 3 : pDROP 18" ,,;,. Eu'tv' PCF [DRY WT,} e
0 .;.129.3' — 6“ 1'
BN . 0-9', Asphalt pavement and base
4 A N
_ Nd 7 {22 A rock. underlain b 108. .
10 ___‘3' °\~ ] = ~ silty sand w/rockyfzgags.,flll 88 20.11 .53
(220 0 2 _'_-5_3‘5ﬁcrey black silty clay soft, | 52.5| 81.8|2.11
T <~ organic, overlain by a few :
20 _L_ R | ) feet of peat.
, 0 | 2. 1. _ 48.0| 91.22.40
30 - ‘ , ‘
Tk do |1 _ - : | 51.5| 82.22.17
. T, — A
40 A
1 = 0| 2 | - | S4.7) 74,1 1.98
50 - 2 |
~42.2 ! 53%-60',Green slightly silty sand,
T aERNEEE - loose. 88.0 [ 30.4| .
60 —T=50.7 ‘A\‘ N T -66}»h 73' ‘Taf®silty sand w/ pea gravel, . ;
B I DS B ERE P B overlain by 3' of green '
‘O\EEF > 23 SO I sandy silty clay, w/s gravel 79.9 | 41.3 | 1.04
0' -1 S '
’ 1'63.7&?\ : : 73 92', Grey-green silty clay,stlff
- - 4 |17 ' - plastic , 79.4 41,9 | 1,09
80 - ' ' :
L ~— ]
ﬁ‘a{. 3 11 | . |68.2 155.2|1.39
90 —=g2, 7(x 92-102',Brown silty sand w/pea
T [oX=2s 110 gravel, very hard 111.1[19.4 | .49
100 —t=92,7 [ 102-103'4", Bedrock, black shale, ,
4941 P 4771100 S well fractured _ |110.6122.7 | .50
110 ——
120 —+
130 +
140 —— ,
4 . Bottom of test boring 103'4'" below
ground surface at elevation 94'1",
150 = «|Ground water level is at 6' below
-+ the ground surface.
b




GEOLOGIC PROFILE C - C'
(Figure 4-5)



190 -C0XS5-03 [(/I6o )

<k
/

ELEYATION IN FEET

Bornng DHE0- 14

BORING |4

20 - DRILLED |0-24~5p

ELEVATION 10, 0°

lo d LIGHT BROWN SILTY SANO (SM)
(GRADING SOME FRAGMENTS of SANOSTONE
GRAY SILTY CLAY WITH SOME 0ECAYEQ
() YEGETATION (CH)
_ (SRAD ING 6RATISH-BLUE I COLOR)
o (6RAD ING WITH SHELLS)
1% 4 53
-20
= (SRADING SOME LENSES OF OECAYED
1 YEGETATION)
- 1% <4 42
-40
REENISH-GRAY SANOY CLAY WITH LENSES
OF CLAYEY SANO (CL)
=50
’ G?AY SILTY CLAY HI‘)H({ ac;om« SPOT¢
. . 6 4 63 -% OLD BAY 0EPOSITS)(CH
-60 - %
615 4 64 -%
-70 -%
. 615 4 64 %
-80 - - % .
Foit] GRAY SANOY SILTY GRAVEL (6n)
BROnN hEATHEREO, FRACTUREOD SAHOSTONE
-390
\
-100 ’
-110
-r20

LOG OF BORING

DAMES 8 MOORE

$OIL WECHANICE Chtintang




. ATme LisrL e Lal Lac T mRARSETIe -  TT
TR

el n'/?j’ /DSC'_"?— .

£ [ BORING LOCATIONS :»':;‘Elfv""ATIotL?AmmATE“fDRIEEED DRILLING METHOD. == —— == === I “BORING "NUMBER
See Site Plan, Plate 4 Truck Mounted 6 Inch Diameter 2
- 5/1/89 Rotary Wash, Bentonite Drill Hud
g 18e] » Heb | we | B = | o [SAMPLING METHOD . ,
- T3] N D sy - . : L :
s | 09 |ZRsRLy | 7Y [ L5 H% | © |Shelby Tube sT, Mod.Cal, MC ’
i | 23 522 pEZ| Zx | Fw BE | o [320 1b. slip jare jo0 drop SHEET 1 oF _
& 3@ | 0 |28, vz & o
" 0 . -
6"asphalt over g concrete .
1 :
-DO'- SUBGRADE
2o
MC | 30 | - [10.0] 1 3 7] sc FILL T T
oS CLAYEY SAND, yellow-brown, slightly moist, loose
15
MC 20 - 148.81 2 5
5 ;E)f
51 / CH YOUNGER BAY MUD
SILTY CLAY, green-gray, wet, Very soft,
8’ with decayed organics
MC | 5 | 57 [68.8] 3 9 /
- i %

i2
ST - 48 j94.71 4 13

T
1

N\

N

14
15

NN

i6

17

NN

18

I

|

NN

20 H

LOG OF BORING

i

So1ls GORDON H. CHONG & ASSOCIATES
CONTINENTAL AIRLINES, BOARDING AREA B,
\ foundstion & ’
, 660100100 | SAN FRANCISCO INTERNATIONAL AIRPORT. CA
ASSOCTATES TNC, tngineers . DATE: 5/09 JUB NO: B89131.10

PLATE g




SRS N S S g T T T T

, ~——=—==7="BORING NUMBER
FSc-2 2

SAMPLER
TYPE
NUMBER OF|
BLOWS/FT
DRY
DENSITY
PCF
MDISTURE
CONTENT
X DAY WT
SAMPLE
NUMBER

SOIL
GRAPH
u.s.c.s

SHEET 2 OF 3

MC 2 6

MC 46 7

n
o
-=|

n
n
1

n
D
1

YOUNGER BAY MUD

SILTY CLAY, green-gray, wet, very soft,

with decayed organics

base bay mud

SC

——— — e ——— — e —

CLAYEY SAND, vellow-brown
. CLAYEY SAND, yellow-brown

—_— e - ——— e ——— — o

OF BORING

Solls GORDON H. CHONG & ASSOCIATES
CONTINENTAL AIRLINES, BOARDING AREA B,
Ffoundstion &- .
6201001 0o SAN FRANCISCO INTEANATIONAL AIAPORT, CA
[ASSOCIATES INC.] £nglneers DATE: 5/89

JOB NO: 89131.10

PLATE 10




SAMPLER
TYPE

o égféiisusxéiﬁfzfy . (#;%é;éfL—kEi“

- BORING NUMBER
2

BLONS/FT
MOISTURE
CONTENT
X DRY WT

NUMBER OF

DEPTH IN
FEET

SHEET 3 of

N
)
]

D
[
|

)] ol m o1 (8] o m &) (6] m m i\ N H I\ 1N NN N H
o 0 (o] ~N o)) ; H w n -~ © o (as] ~N (9)] (&)} E=N w no
1 | | [ I ] | | ] 1 ] 1 I 1 | | ] 1

Boring terminated at 46.5 feet
Groundwatep level not measured due to drilling mud
Casing set from 0° to 7.5*

LOG OF

BORING

PSC

[ASSOCTATES NG,/

Sofls
Foundation &
Geological
£fngineers

GORDON H. CHONG & ASSOCIATES :
CONTINENTAL AIRLINES, BOARDING AREA B,
SAN FRANCISCO.INTERNATIONAL AIRPORT, CA

JOB NO: 89131. 10

DATE: 5/89

PLATE 13




DEPTH BELOW GROUND SURFACE (FEET)

: , Versar - Sierra
BORING B-62 EnviroGroup

o™ GRAPHIC

(ppm) LOG DESCRIPTION

0, % % % e %

L oasas] 18" Concrete

 Well graded GRAVEL with Clay and Sand
(GW-GC): dark grayish brown; damp; medium
dense; ~30% clay; trace silt; ~20% very fine
sand; ~50% subnagular gravel to 1/2" diameter;
d\ very low est K ‘

_______ Lean CLAY with Sand (CL): dark gray; damp;
—————— stiff, ~50% clay; ~30% silt; ~20% fine to
medium sand; very low est K; slight hydro-
—————— carbon odor

Sandy SILT (ML): brown mottled gray; wet;
stiff; ~20% clay; ~50% silt; ~30% very fine to
medium sand; very low est K; slight hydro-
carbon odor

. ¥ May 19,1994

L. 10
ot 3
in, Radius
Boring Log - Boring B-62

San Francisco International
Airport \
Boarding Areas A & B, Phase II 4
San Francisco, California 4

\ 62
{ A
1
1
ey y
Logged by: . Trigg A
Supervisor: C. Bramer PE. 2048846 | | . ]
Drilling Company: Gregg Driling \ -
8-57#: 485165 i 1!

Driller: Morris Ruud
Drilling Method: Heliow stem auger
Date Drilled; May19,19384
Well Head Completion: Grouted to surface
Type of sampler: Split barrel (271D)

Messensoressrnnsen

[
s




DEPTH BELOW GROUND SURFACE (FEET)

Versar - Sierra

BORING B-62  "EpviroGrour
(continued) , '
o GRAPHIC
P L0G DESCRIPTION
10 cpreneniy Sandy SILT (ML): (continued)
+++++4 BayMud
+ 4+ + 4 + o
+++ + +
2 +++++1
+++++ ’
o +i1+1] BOHat12
o1 3
in. Radius

San Francisco International Airport

Boring Log - Boring B-62

Boarding Areas A & B, Phase I
San Francisco, California




-

DEPTH BELOW GROUND SURFACE (FEET)

BORING B-63

o GRAPHIC
(pprw) LOG

......
......
o, % % e %0 %
A A A A A

e

o %0 e % %0

Versar - Sierra
EnviroGroup

DESCRIPTION

18" Concrete

077

L < May 19, 1994 J ]

Lean CLAY with Sand (CL): dark gray; damp;
stiff; ~B50% clay; ~20% silt; ~50% very fine to
fine sand; very low est K

Gray mottled light brown at &’

10 i

o1 3
in. Radius

Boring Log - Boring B-63

San Francisco International
Airport
Boarding Areas A & B, Phase II
San Francisco, California

Logged by: J. Trigg
Supervisor: C. Bramer P.E. #C46846
Drilling Company: Gregg Drilling
C-57#: 485165

Driller: Morris Ruud
Drilling Method: Hoilew stem auger

Date Drilled: May19,1994

Well Head Completion: Grouted to surface

Type of sampler: Split barrel (2°10)

Sandy SILT (ML): brown mottled gray; wet;
stiff; ~20% clay; ~50% silt; ~50% very fine to
medium sand; very low est K




Versar - Sierra

DEPTH BELOW GROUND SURFACE (FEET)

BORING B-63 EnviroGroup

(continued)

—
o

GRAPHIC
LOG

DESCRIPTION

[on
N

Bay Mud
BOH at 12°

Boring Log - Boring B-63

San Francisco International Airport
Boarding Areas A & B, Phase II
San Francisco, California




DEPTH BELOW GROUND SURFACE (FEET)

Versar - Sierra
BORING B-64 EnviroGroup

o GRAPHIC

(pprm) LOG DESCRIPTION
— O
24" Concrete
i Lean CLAY with Sand (CL): grayish brown;
damp; stiff; ~60% clay; ~25% silt; ~15% very fine
B to fine sand; very low est K
5

<2 May 19, 1994

Wetat 7

Sandy SILT (ML): grayish brown; wet; stiff;
~20% clay; ~60% silt; ~20% fine to medium
sand; very low est K

L 10

Boring Log - Boring B-64 B

San Francisco International Y
Airport \

Boarding Areas A & B, Phase Il 3

San Francisco; California \

Logged by: J. Trigg A
Supervisor: C.Bramer P.E. #C46846
Drilling Comgany: Gregg Drilling N .
-574#: 455165 .
!

Driller: Morris Ruud
Drilling Method; Hollow stem auger
Date Drilled: May19, 1994
Well Head Completion: Grouted to surface
Type of sampler: Split barrel (271D)




DEPTH BELOW GROUND SURFACE (FEET)

Versar - Sierra
BORING B-64 EnviroGroup-

(continued)

o GRAPHIC
(pp) " LOG

DESCRIPTION

Sandy SILT (ML): (continued)

Bay Mud
BOH at 13.5"

o1 3
in. Radius

Boring Log - Boring B-64

San Francisco International Airport
Boarding Areas A & B, Phase II
San Francisco, California




P s AT AN L T
TR g e
-

e

' ' BORING 1
MBORHORY TEST D”A SAMPLING DAL DRILLID B-9-B3

SURFACE ELEYATION +90.0° &

E SIRINGIR TEST b E
DRIA = = .
w Els =156 c £ 4
> - [y [y ar -~ _ 5 x « <
z Bl Ble|xz]x]2 g
aep e = = “ 5 [~ ]
f 3 -t . -4 L —d ey “ w - I
o x o - 3 - [ x = @ ") (4]
5 SE';‘:a-:Eg°E;35-;
O jEs==8ics 2|2 |=l2 & 8 % DESCRIPTION
= OO ac| X g ; g
— e ixCal An =
0
L
Y ASIVLY CKHETE PAVDILIN NZ) BASE RLCY
19.6196.64 nw | 20 -1 DAKE YLLE (3 RRON3T
P SR SO <
5T ot T l-dYy | 1XDIL DOISE, FILL
[ R o 141 ¥ LEVEL ELEVATION 4.B' o 6-7-8)
j0 nuy |22 14 -
ool serfon |5 | wies O (o owy i e, son
76.0f $S.3 5T | 150 I!-ﬁ
psi
20 108,21 41,4 ST 220 I).;

1o.0l 41.9 ™ 4 o= ]-A

_COrE

40
™ | Hen 10 SNPLE RECOVERY
™y ] ey %f:c GRAY-GREUI CLAYEY SYD, DLNS(
1.9 Ine-g] ™ {pe "1-13%
20,0 Jno.s | ™ BO{ye FOTILED REIDISH-GREEN GRAVELLY S4D),
DBIsE
(1]
™ =5/ | CREENSTGAAY SILTY CLAY, STTFF
n ! ’5/ (oD BAY 1) ’ . £
7 | '*
7 5661 ™ [ 18 -1-16%
70 —1 1 e %
65.7 {601 | M 1 g3 "5-1-17/ \

$6.4[65.5| 9 L th2 1S

%
LT
%

\ . LUR/ECRY I LN B BN A fYOTY

41.5178.8

GRAY-GRELI! GRAVELLY COARSE SA/D,

- 17.8; 14,4 DONSE TO VERY DLuSE

- ) pu (004 ] o, o, GRAY-BAOI FRACTURED N WEATHERED
FRNX 1 S5CA SHDSTONE

100

BORING TERMIATED AT 100 FEET

e LOG OF BORING

/25 pse 03 /79 £3 )

ICTEARATIONAL ABOAT § DUTH TEAMBAL®

8y CITYACOUNTY OF AN PRANCISCO, R
ourt.or re wonts ST
BUALAU OF SNOILEAMG, DATED $-3-83 Associates, ine, [ Dames & Moore

T A
7




GEOLOGIC PROFILED - D'
(Figure 4-6)



DEPTH BELOW GROUND SURFACE (FEET)

Versar - Sierra
BORING B-44 EnviroGroup

on  GRAPHIC

ESC
(ppr) LOG PESCKIPTION

ol ok 18" Asphaltic Concrete

Silty GRAVEL with Sand (GM): gray; damp;
medium dense; ~10% clay, ~30% silt; ~20% fine
sand; 40% subrounded gravel to 1/4” diameter;
fow est K

“Lean Clay (CL): gray; damp; very stiff; ~60%
clay; ~20% silt; ~10% fine to medium sand; ~10%
subangular gravel to 1/67; very low est K

Y May 18, 1994

—————— Fat CLAY (CH): gray mottled black; wet; stiff;
______ ~70% clay; ~20% silt; ~10% very fine sand; very
—————— low est K

R .
e e s e et ced

L 10 | JL ===

in. Radius

Boring Log - Boring B-44

San Francisco International
Airport
Boarding Areas A & B, Phase II
San Francisco, California

Logged by: J.Trigg
Supervisor: C. Bramer P.E. #C486846
Drilling Comgany: Gregg Drilling
-574: 485165
Driller: Morris Ruud

Drilling Method: Hollow stem auger

. Date Drilled: May18,1994

Well Head Completion: Grouted to surface

Type of sampler: Split barrei (27 1D)




MONTGOMERY WATSON

CONSULTING ENGINEERS, INC.

PAGE 1 OF 1
365 LENNON LANE, WALNUT CREEK, CALIFOANIA, 94598 / (510) 975-3400 i ;
wORING NUMBER _ PL1 SB-43 CLIENT __SFIA/ENVIRODYNE
DATE STARTED _2/29/92 _ COMPLETED _9/29/92 PROJECT _SFIA PLOT 1
REF. ELEVATION _"7.14 FEET, SURFACE GEOLOGIST __ANNETTE COLE
wn [4a]
. wl o = Efé’ S g GEOLOGIC DESCRIPTION
Eslg| L |L85l4d .
B-1Z g €128 £ 2
52|58 2|8
=} gl & (72}
PL1- CN'| CONCRETE, good condition
5843 .
JITED FILL clayey sandy SILT (ML), olive-brown 2.5y~
9 "M (474}, very stiff, dry, sy clay, 40% silt, 40%
2 26 . [ sand, 5% fine to coarse gravel, low est K -
@ 2.25 VT FL . .
36| 1 ReRiRSy 35 above but becoming silty SAND {SM} , 50% silt,
. 8 0 ’ - 50% sand, faintly thinly laminated, occasional - -
16 P gravel size hard pockets, )
4— 4 |25 14 0 _—\FILL slightly clayey silty fine SAND (SM}, olive- —
K : Ig brown 2.5y (4/4), medium dense, dry, 5% clay, 30%
] DI s1lt, 65% fine sand, locally faintly thinly lam-
@ 5113 el Inated, occasional off-white she]] fragments, mod 7
1911 D) est K
6+ 4 ' as above, less silt 25% thinly bedded to lam- 7]
12 ,0, ‘ inated, locally more fines and occasional to some
N 20 Rek - | pockets of very dark grey to very dark greyish-
D1 brown 2.5y (N3-3/2) j,
5 J . .
8 'DC 35 3.75 to 4.75 feet, more fines, definately .
. E 8 7 AZNE thinly laminated to laminated, occasional shell
| g g fragments, occasional very dense fine gravel size
- 3 JD :\Tfragments and organic remains -
. q
9.5] 5 R ILL slightly clayey Silty fine SAND (SM) . light - -
D :
10— 5 1 Pl olive-brown 2.5y (5/6) mottled olive-yellow 2.5y- —
i {(6/8] greyish-brown 2.5y (5/2} with pockets of .
very dark grey 2.5y(N3), 5% clay, 30% silt, dry, '
Ny mod est K, loose, thinly bedded, becoming very 7
‘ Clayey at base
12— —13s 5.5 to 8.75 feet, with some shell fragments, 7
low to mod est K, loose, some very hard pockets “"
7 "~ Hydro Punch sample collected »
14 - _
16 - -]
18- — —

1ILLING METHOD/RIG TYPE __AUGER/B-53 DRILLING CONTRACTOR/DRILLER _ GREGG ORILLING/STEVE STONE
ILE DIAMETER _6.25 INCHES BIT TYPE __HOLLOW STEM AUGER
ITAL DEPTH OF BORING __10.5 FEET WELL COMPLETION DEPTH __ NA




Drilling Log

Project Name Project Number - Boring Number
AL 2L £B—0Ffmtf = IR~ 22 F SE)T
3round Elevation ) Location Page
V 535 PLoT | HY PRaNT ALer - /. of /
Alr Monitoring Equipment Total Footage
oYM /ﬁpr\ 00:'580/4—,253:4,—;2;105 /2
Drilling Type Hole Size Overburden Footage Bedrock Footage No. Of Samples No. 0f Core Boxes
454 ¢ op /2 & 7 &
Orlling Company éf‘e%’ s qu £ Tostiang . |orwer () Afrs G4 Drorp € Dnuz “)m(eq
il T t
Driling Rig M0(9 ‘€ B-53 . i ’ Szg‘g‘g’ /I [LO -Qh/AA_LA ga [; "‘" gor)r/m\
Date F-5-03 To z_,5 gz Field Observer (s) éﬂ_e_q éem Lé
. P10 (ppm)
Depth Class Biow Recov. Rl_m/ Sample V R Ks/
(feet) Description 238 | Count TS} Tine | Desig. /oo [ev ] s Waler Levels
1 Cored Lonerete € B/J) Vet g ]
N O 0.0 .
- ]
. :5‘!@&7 (‘Qﬁy‘»q V. Lot Ao wo Ary’clm,g/ Ny 12 ]
2__ a6 e\((;r 12 n»A ok gresn ey 7 bn q -
Pty X -5 L% I
i a 4 I /! 0.0 0./ N
Jsar; / 1 N
3 g . 7! ) N
i W """‘ )(") 5'(2"{&// W“/ SC e ) ]
7 ;50 2 E
. | 70 | <51 29¢ | )
5-5/'/[' 00/*, ¢ 10 , /37 --:
: % e |7 o ]
g (4] | _
6-_ 9 F#3 -
4 <7 4
] 219 ]
F2lr ch - oy 10 YR 7/, o He /9 / oF [ o
Tqedr 3 gy ) /s ?;s‘/ ¢ o ]
8- j“% A, "’“’"/M‘“ e ""‘j" M Z. /5, S /%5 ]
E PN N C)L ZJ ace 10v2 Y //o é [?07 %h A . E
-—— J/Iz h
O mored ) ehi by - qutem ]
] 3 Bt Qe 53 ]
:9 Gy CA el C‘L-(l % ‘2 5 - .
K , 72 ]
— 195 o LM e ‘ M =
v ] V‘ﬁg CQC m y V s MJ) / _43’ Z [ b i
TE A I A Y ' =
:\/So—{_)puu:t,v. /7[ 1% 70 ]
i %3 .
12 : AS ]
. TD=/2'® 1205 ]
134 _ -
14 1 ]
BZ=Breathing Zone BH=Bore Hole S=Sampie

AN Form WCI-0P2—-1




© BORING * 4

- .. DRILLED 5-5-63%, 5-8-61

e TR AR S
10 - : g
p)
) , SC | LIGHT BROWN "CLAYEY FINE SAND (OENSE) }
-
(GRADING WITH ocusxom SANDSTONE E
5. .»._., > : 3 "&
6%s o ok ot
2657~ 9 — WATER LEVEL. (S-11-61)
- 601 - &3 CH | GRAY-BROWN SILTY CLAY WITH 0LD..
- gsxisc . ] VEGETATION (DESTCCATED BAY MUD)
0 . T ka7 . [k th| caay sy CLAW TR DECAYEN T
P . =T VEGETATION (son um“ﬂgy RS "
v:/l’

264 101, =

Lalt]

-25




MONTGOMERY WATSON
CONSULTING ENGINEERS, INC.

; - PAGE 1 OF 1
, 365 LENNON LANE, WALNUT CREEK. CALIFORNIA, 94598 / {510} 975-3400 o
|
-JRING NUMBER _PL1 SB-42 _ — CLIENT __SFIA/ENVIRODYNE
DATE STARTED _9/29/92  COMPLETED _9/29/92 __ PROJECT . SFIA PLOT 1
REF. ELEVATION __7.32 FEET, SURFACE GEOLOGIST __ANNETTE COLE
O o 52 % 5 GEOLOGIC DESCRIPTION
P - L_‘:l’ = w — e :tJ
Hol & P SIFeIel o -
Bz 2| E128 2| o
1151278 2|8
@ £l &5 [72] .
PL1- AS | ASPHALT over sand and gravel rubble fill
5842 : ,
, TEL FILL clayey very silty fine SAND (SM), locally a
' 12 "d-]] SM SILT, olive-brawn 2.5y (4/3), mottled olive-yellow :
i 2“@ 2 |20 D1 ™ 2.5y (6/8), medium dense, dry, 5% clay, 35-40% -]
; 30 1 P S1lt, rest fine sand, low to mod est K, pockets
] D ’ of grey N6/N5, thinly laminated locally, occa- ]
13 | sional assorted fine gravel ) o
4 19 D | ,as' above, locally less silt with 0Ccasional to |
25 (1 ’f}c», some gravel of fill, subangular to angular,
9 01 ‘\mottled and pockets of very dark grey 2.5y (N3)
_ bl .
@ 5| 10 0 as above, loose, dry, very thinly laminated,
b 1310 Jv.f FL | 1\ occasional fine gravel B ~
3 VTTINCE ‘1 ILL silty SAND .(SM), olive-yellow 2.5y (6/8) ,
6.5 9 g EL locse to medium dense, dry, 30-40% silt, rest i
X Y
J 4] g ,D SM M|l sand. mod est K ; i
| 3 0?'» ILL sandy silty CLAY (CL), 1ight olive-brown
o— 8 5 VERE Ll 2.5y (5/6) , mottled as above, medium dense, dry, |
@ é CH 30-40% clay, 50% S11t, 10% fine sand, low est K,
5 1 very thinly laminated with organic remains
JFILL s1lty SAND (SM), lignt olive-brown 2.5y (5/6) i
: mottled light brownish-grey 2.5y (6/2) and iron -
10— | staining, loose, dry, 0-10% clay varying, 40-50% —
$11t, 50% fine sand, occasional fine pockets of | ' e -
i | forganic remains o T |
ocally clay up to 25%, moist towards base ) - )
12— — Bay Mud, silty CLAY (CH), black and dark grey . -]
2.5y (N2/N3) , medium stiff, dry to moist, 20% : -
s11t, occasional organic remains, low est K )
14 - —
16— - _
18+ - _
HLLING METHOD/RIG TYPE _ AUGER/B-53 DRILLING CONTRACTOR/DRILLER _ GREGG DRILLING/STEVE STONE
LE DIAMETER __6.25 INCHES BIT TYPE _HOLLOW STEM AUGER

‘TAL DEPTH OF BORING __9 FEET WELL COMPLETION DEPTH NA




GEOLOGIC PROFILE E - E'
(Figure 4-7)



Uriing Log

Project Name

Project Number

Boring Number

JACAP F3-034~¥~/09 -~ O B3, 7
Ground Elevatlon Location Moc RamP Page . I
- 77 Mg : , - -] of 2=

4ir Monitoring Equipment

|Total Footage

R, 25

evm Ss8o B
1 . Orliing Type Hole Size - Overburden Footage Bedrock Footage . . No. Of Samples No..0t Core Boxes..-
- ¢ . </ . . : e
- HSa C et - 2 4 2 B - il R
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- - e e = e L. : . -+ {Type of - T e e D
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Qate "¢~/ 9w93 ' Tog-/7-973 Fleld Observer (s) =5l Colhes R, DAVIST T w0
Depth * | Blow Run/ [Sample]  PID (ppm) e
Class Recov.| - : Remarks/ . -
(feet) . Description Count Time | Desig. BZ l BH I S .- Water Levels
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4 corcreTe 6 ~/72=73 A
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Descriptilc_)n

- Boring Number » /.?..3 .-
Prolect Name  Pgy R P e T n Page” o of -
Prolect Number 9 3 —O3Ymim JOFT O Qate ¢ — ) 7-93 .
Qe 'th ' ' Bl Run/ [Sample PI0. (ppm) -
”epen Class Coﬁgl Recov.| i Desig. “p  Remarks/

_ Hater Levels

CLAY, "BAY MU TRACE OF PEAT, #i6a
/;MIT/C.({‘-/)JOFT‘I‘ MerST, OL/E ERAY
1597, . 5

14
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0,0 1-7 "&7
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GEOLOGIC PROFILE F-F'
(Figure 4-8)



CLASSIFICATION DATA STRENGTH DATA MOISTURE -DENSITY DATA| =
TEET TEST - NATURAL 5
% FINES LIOUID  {PLASTICITY Sr':;c?:” SURCHARGE | MUISTURE <-;fmr-¢ MOISTURE PRY - BORING ‘2
{-NO 200} LMy INDEX resT PRESSURE. | CONTENT. | * o NG Fr} COMTENT, DENSITY. ju
L8s/5g o A e w BT SLEVATION 2.1 ; 7gg1
= BROWN CLAYEY SAND (SC) WiTH ROCK FRAGMENTS
{ DENSE) - R
2s 1000 |NATURAL| 2500 12.8 123 1¢ T'LL
4 GFAY ORGANIC SILTY CLAY (CH) ‘L
™ (3AY MUO CRUST)
aax ESTIMATED WATER LEVEL
g U RN SN R S U P R GRAY GRGANIC SiLTv CLAY (CH)
(SOFT BAY MUD)
ERE ) RN UNS G PG UGS DI P SN SR I _Z GREENISH-GRAY SANDYT CLAY (CL) (FiRM)
20 —
CLASSIFICATIDN _ DATA STRENGTH DATA MOISTURE-DENSITY DATA é
TEST TEST N NATURAL &
% FINES | Lioud  |eLasTioiTy SYYLPEE"G‘)T‘H surcuanae | mossTure | SEMT | poistore | BRY G BORING i3
£N0.200) | LT INDEX tese | PressoRe.| content, | STEROT L coreny | DENSITE | 2
Bsssa FT| o, i |G ELEVATION 9.5 - FEET
BROWN CLAYEY SAND (SC) WITH ROCK FRAGMENTS}
28.0 32.1 10.3 DS 1000 | NATURAL| 2200 | 18.1 101 2 (DENSE) i
wr FiLL
w |
- {GRADING MORE CLAYEY) _{_
_ BT ettt edininiied il Bttt Rt =z
(TESTED CLAYEY SAND) DS £00 NATUR AL £30 21,1 108 [P SEAY ORSANIC SILTY CLAY (CH)
' {BAY MUD CRUST)
=z 4 ESTIMATED WATER LEVEL
b GRAY ORGANIC SILTY CLAY (OH)
I IR R I AU DN AR SR P a (SOFT BAY MCD)
GREEHISH-GRAY SANDY CLAY (CL) (FIRM)
{
CLASSIFICATION _ DATA STRENGTH DATA MOISTURE-DENSITY DATA
TEST TEST NATURAL
% FeEs | uoun  leuastioiTy SYTLPEE"GO:H sorcrarce | worsTune | PERR | poisTure A, BOR'NG 14
{-NO. 200} LIMIT INDEX TEST PRESSURE | CONTENT, Laé/so "' CONTENT. |, o o r:r
Lessso FT| % % v o ELEVATION 9.1 ¢ FEET
o BROWN CLAYEY SANO (SC) WiTH FEW RDCK }
- A FRAGMENTS : |
I (DENSE) -
W ( INCREASE IN ROCA FRAGMENTS; soMme  FILL
CONCRETE FRAGMENTS) I
I R I I It it it A It IR 3RCWN SANDY- CLAY (CL) WITH SDME ROCK ¥
- . i FRAGMENTS
= _w %% GRAY ORGANIC SILTY CLSY (OH)
z (BAY MUD CRUST)
i A S ESTIMATED WATER LEVEL
(R U I [ SRS RSN S ___ S 772223 GRAY ORGANIC SiLTY CLAY (OH)
- I (SOFT BAY MUD) .
Z 3ROWN SANDY CLAY L) (FIRM)
5 —
CLASSIFICATION  DATA STRENGTH DATA MOISTURE-DENSITY DATAf =
TEST TEST NATURAL [=)
% FINES | LIOUID |pLasTiciTY SI;YRFEENGOYFH SURCHARGE | MOISTURE sf::::m MOISTURE n::;l'" [ BORING 15
NO. 200) LIMIT INDEX PRESSURE.| CONTENT, o] CONYENY. M )
TEST | uersq et " LBS/SQ FT v LBs/cu FT | = ELEVATION £.9 = FEET
- Q
o 3ROWN CLAYEY SAND (5C) WITH ROCK Yrio
FRAGMENTS  (DENSE) i b N
39.0 71 7 GRAY-BROWN DRGANIC SILTY CLAY {DH)
{BAY MuD CRUST)
= 5' ESTIMATED WATER LEVEL
-=--=--=----=---=------}----|--=- w s —pr
w 22523 GRAY DRGANIC SILTY CLAY (OH)
i {SCFT BaY MuD)
= B
5225
= o
Rl e e el o B e e el i Rt il I B 22444
oo i {GRADING SANDY)
=
23.8 | 83 0 B
s (GREENISH-GRAY SANDY CLAY (CL) (FIRM)
JEN N N VGG NGO A DRSS O G P, 15—
20 — |
,
, 3 ,( %
° |
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CLASSIFICATION  DATA STRENGTH DAY a N UiSTURE- (4 Wi Ty NATA
TSt Test R KATURAL

» res | uu licasteny ;,';:;S_f’"; s zHARSL | wasTuer :,5,:'5‘,1"“ M TUAL o-bnasrn
en0.2000 | L . oL et LZZ(/E,?:[{ (u:lun, :L,‘Iw S (u:./..lu)_ w;_/c'u e

54.6 79

DS 1500 [NATURAL 900 13.2 111

DS 1300 |NATURAL 3800 7.7 no

18.7 108
<Y ASSIFICATION CATA STRENGTH DATA O'STURE-CINSITY DATA|

TEST TesT NATURAL

% fres | Liowd  riastaTy SE:‘;‘GTN SURCHARGE | MoISTURE S,“;;?::I WISTUSE :,:g,

£10.2000 | umT INDEX vest | PREssuse. | contean, | S :" CONTENT, L:SICU :"'r
LB5/50 FY % %

DS 300 [NATURAL 1350 5.1 ns3
ool _ ] Ds _|_ _soo |NaTuraL| 1400 | 19.6 102

DS 1500 [NATURAL 2150 19.8 162

63.8 27.9 DS 800 {NATURAL 700 43.8 67

108.7 68.2 DS 1000 [NATURAL 800 77.3 54
[ N N SN R N 18.1 113_
mmm e mmojo o~ |- DS _{_1400 |NATURAL| 1650 | 20.0 | 106 _
T T T T T T T o8 T 1o TIRATuRAL] T Teso | T2 | 109

D3 3000 (MNATURAL 2700 17.2 112

Ds 2000 [NATURAL 2000 20.5 109

DS 3500 [INATURAL 3500 6.9 113

* DS 2500 INATUIAL 2000 18,7 1ns3
i e e e B [ P

31.6 92

29.1 92

BIR
SORIN

[ =3
)
[l o [
e BORING 24
@
3 pLivation 1.0 f rrrs .
9 ¢ FIOWN SILTY SAMID (311} (DENSE) 1
(=]
GRADING GFAY]
¢ 16 GraY) B FILL
(SOME RCGK FRACMENTS AND PIEGES OF .
s — ASPHALY)
20/8* [ L
2 o GRAY ORGAN;G SILTY GLAY (OH) (BAY MUD GRUST)
1- E o GPAYISH-BROWN SILTY SAND (S14) WITH TRAGE OF
w1 ORGANIC MATTLR (I4EDIUM DLRSL TO DENSE)
. YELLOWISH=-BROWN SLHDY GLAY (GL) (STIFF)
B (GRADING HARD)
21 E
851 —
3]
20 —1
13 O (THIN SANDY LAYER)
(CPADINC MORE SANDY)
5 —
5
: DIy
o BORING 25
~
5;3 FLLVATION 11,02 FLET
9 BROWN SILTY SAND (S&:) {DENSE) !
o
24 (SOML ASPHALT AND CONCRETT FRAGMEINTS! pyyy
17 (GRADING GAY) |
A4 WATLR LEVEL 5 /23760 |l
GRAY ORGANIC SILTY CGLAY (CH) (SAY MUD GRuST) |~
2 X
72224 CRAY ORGANIC SILTY CIAY (CH) (MGDERATILY JOFT
122759 BAY MUD)
0 —y75ck
1 %
2ot (GRADINC SOFT)
s GRELNISH-GRAY SAY DY CLAY (CL) (STIEF
[ 2]
15
X BROWN CLAYEY SAND (SC) (DFivSL}
1=
S
9 =
EROWN SILTY SAND (SM) WITi! SOME GRAVEL
= (DENSE)
[ 2]
(-9
1=
36 0O .
“1’ BROWN CLAYEY 8AND (SC) (DENSE)
(CRADINC GRAY)
44
(THIN CI*YTY LENS)
CRAVISH-EEOWH SILTY COLRSE SaND (SM)
35 (DENSE)
CRAY SANDY SILT (ML) (DENSE)
16
CRAY SANDY CLAY (CL) (STIFF)
Vé CREENISH-GRAY SILTY CLAY (C1) (83:TF)
N /7

065

TTAWAACION S SAR WO T A e XS LTS

—r71

AL

2
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CLASSIFICATION DATA STRENGTH DATA MOISTURE -DENSITY DAY/ ’c_)
o
TESY TEST NATURAL
wormes | Lauo  [PLasTiiTy | o, | SURGHARSE | motsTURE SHEAR |\ sture | o DRY = BOR'NG 7
NGTH STRENGTH, DENSITY, [
{-RO. 200} LMY INDEX TEST PRESSURE.| CONTENT. } "po oo™ i | CONTENT. |4 o e 13
185/50 FT A % v ‘2 o ELEVATION 7.9 = FEET- .
SROWN ANO GRAY SANOY CLAY (CL) WITH SOME {
ROCK FRAGMENTS (FIRM)
R 1500 | NATURAL| €00 7.9 12 GRAY BROKEN ROCK WITH SOME CLAY ANO FiLL
TR 3300 | NATURAL|{ 1200 25 SANO (GC)
AN I A A NGRS MNP S SR 5
~WATER LEVEL 11/23/66
iiiﬁlzﬁowmsmcmv ORGANIC SILTY CLAY (OH)
s (BAY MUOQ CRUST)
83.3 50.6 0s 1000 | NATURAL 560 93.8]  4b 2 p
e J—_—_——__ e —_——_———_—_—_———_—_——— = — ] .o,W"vamumcmuvmm(w)BMTMYwm
88-4 | 52.1 0s 1050 T NATURAL 170 gi.9o] 52 0 v
¥ GREENISH-GRAY COARSE SANO (SP) (OENSE)
BROWN SILTY COARSE SANO (SM) (OENSE)
————fee e e e ——————— = S TR T 5
TR 1750 | NATURAL 9¢0 21,3 120 {19
TR 4250 |NATURAL] 1790
BROWN SANOY CLAY (CL) (FIRM)
—_—————t e e | —e— e e [ —— e — [ T T 20
36
o 1800 |nATURAL| 1500 w0 100 |35 BROWN COARSE SANO (SP) (OENSE)
e e e —— — | ————— — L 25
= (SOME SMALL GRAVEL)
w
____._LZJ_._3_3'_3_.__°_§__EZBO_EEUEAL_HEO___B~1_ B9 2. BROWN SANOY CLAY (CL) (FIRM)

(TESTED SILTY CLAY) GRAY SILTY CLAY (CL) (STIFF)

GRAY SILTY SANO (SM) (DENSE)

DEPTH

23.9| 100 |25

(GRAQING LESS SILTY)

23.4) 105 _[34

(GRAQING CLAYEY)

___.____________________________________3& GREENISH-GRAY SILTY CLAY (CL) (STIFF)
0s 3000 [NATURAL | 2400 25.7F 97 P33

—— T T T T T T T T T T T T GREENISH-GRAY SANOY CLAY (CL) (STIFF)
0s 3000 [NATURAL | 1850 23.1| 101 {28

BROWN CLAYEY SANO (SC) (OENSE)

BORING

1=l
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CLASSIFICATION DATA STRENGTH DAT A MOISTURE - DENSITY DAT/ S
o
TEST TEST NATURAL w
v FINES | LIOUID [PLASTICITY S’,‘;’;ENG":N SURCHARGE | MOISTURE STS:EE"T worsture | 2 T BOR'NG 8
{-NC. 200) T INDEX TEST PRESSURE,| CONTENT, LBS/S':)GF“; CONTENT, L:SENSHY' = -
LBS/S0 FT| . A /Cu FY % o ELEVATION §.0 & FEET ==
BROWN CLAYEY SAND (SC) WiITH ROCK
FRAGMENTS (DENSE)
(MIXEO WITH BAY MUD, ASPHALT FILL
19.6 87 14 FRAGMENTS)
ANV [ S m—— RS St Dbty tnbafynius ety s /77
78.9 52.8 DS 60D jNATURAL 750 45.5 n 4 7177} BROWN]SH-GRAY ORGANIC SILTY CLAY (OH)
Fiirit—-  WATER LEVEL 11/23/¢6
155452 (BAY MUO CRUST)
1500
________9_’4_._0____5_?_._2______D_S_____\__DE_O_N_A_T__UB_AL___359___8_3__._1_ &Y 1 o M2 GRAY ORGANIC SILTY CLAY (OH) (SDFT BAY MUD)
;) i
755000 (FEW BROKEN SHELLS)
ks
155
o5 oo, | naTuea 19 . GREENISH-GRAY SANOY CLAY (CL) (FIRM)
0 L €00 £ 07 _|20
—— e o = e} e e e[ | ASAA RALaR i 5ol R Sk ok ndivns Sraliunins 15
oS 2900 [NATURAL | 2100 759" o7 BROWN CLAYEY SAND (SC) (DENSE)
BROWN SANDY CLAY (CL) -(STIFF)
[ S, S _— TR 2250_INATURAL 1350, 19.7 nt 22 BROWN SILTY COARSE SAND (SM) WITH
—— | R = | T T 20 GRAVEL (DENSE)
R 7500 INATURAL| 4300 b
(GRAOING CLAYEY)
____________________________________z_,._s___t)_z___ 20 25
I (GRADING LESS CLAYEY)
o
DS 2100 {NATURAL{ 1550 19.¢4f 108° j25
AU RN MEpnpenp ppaape PR RRE Bl bbby ibushun i H z 30
(GRADING FINER)
x
-
[+ 9
. uwr
—-——-——--__-__.___-.__._—.__._.____.—_._.__-_-_._—-—___—___ a as
50 .
21.7] 1ou sk
[N SEP S SRR g ittty et i R 40 GRAY CLAYEY SANQ (SC) (DENSE)
DS 3000 |NATURAL| 2600 22,1} 103 |27 GREENISH-GRAY SILTY CLAY (CL) (STIFF)
——————-——-——-—-—-——-—---—_-—--—_.---_.-—._.-—--—-—-—- 45 -
?é GREEN! SH-GRAY SANOY CLAY (CL) (STIFF)
U AU IR NP R RS PR bk bbbl 50 —
29.0 15.4 29.6 87 25 /
___.________.___________________________._________ 55 —f '
i (GRADING BROWN)
DS 3000 [NATURAL| 2700 22.4) 103 J100

| BORING

) )
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I.ASSIFICATION CATA MOISTURE - CENSITY DATA;

P NaTURAL N
e s e B AR BORING 16
NT 20 SWT T NTE ‘as/-s.; pr| COMTEWT | o cu FT
-2 o o ELEVATION £.0 : FEET
BFOWN SANDY CLAY (CL) WiTH SOME ROCA T
- FRAGMENTS (MOOERATELY FIRM
; N 20,5 32 RAGMENTS (MOOERATELr F IR 3)
; 73224 GRAY ORGANIC SILTY CLAY (OH) (BAY MuD)
. €0-6 | 57 124 (SOME ROCK FRAGMENTS) ity
e R e | Up g U PO DA (R SR Y i WATER LEVEL 3/21/¢7
o [Fo"e BROWN MEDIUM SAND (SP)
Iy Lot

27,4 GRAY ORGANIC SILTY CLAY (OH) (BAY MUD CRUST
55549
77724 GRAY ORGANIC SILTY CLAY {OH) (SOFT BAY MUD)

IN
N3
3
3
N

DEPTH
N

e e e LT Sy PO PUNDEN IR PRSI S 5 __Z;ZEGREEN'S*-GRAY SANDY CLAY (CL) (STIFF)

CLASSIEICATION OATA STRENGTH DATA MOISTURE - DENSITY DATA|
TEST TESY NATURAL
* FINES LIGUID PLASTICITY TYPE OF SURCHARGE | MOISTURE SHE AR MOISTURE ORY BORING I?
N0 200) LT PNOEX STRENGTH PRESSURE. | content, | STRENGTH. conTeny, | DENSITY.
TEST lesssa rr|  w  |LBS/50 T TUURRT fiesscy pr ELEVATION 6.0 £ FEET
o] -
BROWN SANDY CLAY (CL) (MODERATELY FIRM) ]
222 FILL
. 72554 GRAY ORGANIC SILTY CLAY (OH) WiTH LARGE
bH] Lu0  [NaTurRAL | 210 72.1 48 752 AMOUNT OF STRAW
- 5555
N 5 * THZ7 BROWNISH-GRAY ORGANIC CLAY (OH)
112.2 59.3 a8 £30  |NATURAL [ 2¢0 80.7 51 52 (BAY MUD CRUST)
z 22223 GRAY ORGANIC SILTY CLAY (OH) (SOF™ 3AY MUD)
7522
= 255
I R R e sE R REEE B e e e
8 2555
557
GREENISH-GRAY SANDY CLAY (CL) (STIFF)
— e e m o e e = of_ DS (000 _MNATWRAL | 1350 f 18,7 | 111 _ 18
20
CLASSIFICATION DATA STRENGTH DATA MOISTURE-DENSITY DATA|
TEST TEST NATURAL
% FNES | Liquio (euastcity | (VPE OF dsunciance | wois Ture srate | wosTURE D&RSTW BORING 18
(- 50. 200} LIMIT INDEX TEST PRESSURE,| CONTENT, BS/ r1: CONTENT, B/ F-l:
L R it v | |LBS/Cy 0 ELEVATION 8.0 & FEET -
BROWN SANDY CLAY (CL) WITH SOME ROCK
FRAGMENTS (MODERATELY F IRM) FILL
v :22 WATER LEVEL 3/21/¢7
€8.9 | 37.1 03 500  [MaTwRAL| 550 54.9 | g0 77223 GRAY ORGANIC SILTY CLAY (OH) (BAY MUD)

DONDRNN Y

BROWNISH-GRAY ORGANIC SILTY CLAY (OH)
(BAY MUD CRUST)

|

|

|

|

|

|

|
IN FEET

w»
NN

; (SANDY LENS)
0s 700 [vaTURAL| 250 103.3 43 N 7 GRAY ORGANIC SILTY CLAY (OH)

z:;;
= 755 (SOFT BAY MUD)
U ) N P JUR T DU & o —Ei
IR 5 227
3577
55
A4
555
A%
*7/ A GREEN I SH-GRAY CLAYEY SAND (SC) (DENSE)
13 (GRADING BROWN)
FIELD NOTES LABDRATORY NOTES AND ABBREVIATIONS
1. THE BORINGS WERE DRILLED ON MARCH 21, 1967 WITH A THE TABULATED SHEAR STRENGTHS ARE YIELD POINT VALUES.
TRUCK-MOUNTED, POWER-DRIVEN 12- INCH-DIAMETER,
SCREW-TYPE AUGER. OS = STRAIN CDNTROLLED DIRECT SHEAR TEST AT NATURAL
2. UNDISTURBED SAMPLES, THE LOCATIONS OF WHICH ARE MOISTURE CONTENT.
SHOWN BY THE FDLLOWING SYMBOL M , WERE TAKEN IN TR = STRAIN CONTROLLED, CONSOLIDATED, UNDRAINED
A Zé-lMCH-DIAMETER, SPLIT-TUBE BARREL WHICH WAS TRIAXIAL SHEAR TEST AT NATURAL MOISTURE CONTENT.

PUSHED INTO THE SOIL BY HYDRAULIC PRESSURE.

3. THE ELEVATIONS OF THE 3ORINGS WERE DETERMINEQ BY
INTERPDLATION BETWEEN TH: PLOT PLAN CONTOURS
(REFERENCE = SAN FRANCISCO AIRPORT DATUM}.

BORING  LOGS
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CLASSIFICAT'ON _ DATA STRENGTH CATA MOISTURE -DENSITY DATA
TEST TESY . NATURAL -
v FNES | gun fevasticery | TPE O dsurcnance | wersture | SEAR | uoisTuse SRy BOR|NG |9
ENO 2000 | Lt noEx | STRENSTH | oopcsure | sontent | STRENOTH L S oar | JENSTTY.
TEST |l crsp £1| e, |BS/SQ FT - o |-8S/Cu FT SLEVATION 8.0 = FEET
: BROWY SANDY CLAY (CL) WITH ROCK FRAGMENTS 1
TR 1750 [NATURAL| 850 15,4 115 (MODERATELY FIRM)
TR 5050 [NATGRAL| 1150 S FILL
GRAY ORGANIC SILTY CLAY (OH) (BAY MuD)
70 w27 | e soo |NaTuRAL|  sep 48.3 5 S,
- B B B e ] P R o
- BROWNISH~GRAY DRGANIC SILTY CLAY {OH)
- {3AY MUD CRUST)
= 5554
2921 GRAY CRGANIC SILTY CLAY (OH)
T 72 fSCFT BAY MUD)
z 2
e e e Rt el R B ETESE I o 10—
b 2525
Q 4277
7250
ZZ GREENISH-GRAY SANGY CLAY (CL) (STIFF)
15 —d
CLASSIFICATION _ DATA STRENGTH DATA MOISTURE-DENSITY DATA
TEST TEST NATURAL
w Fnes | uouo  (eeasticity | TYPE O Jsurcuance | morsture | SPEAR ) oisTuRe ORY BOR'NG 20
80200 | LT INDEX 57:5257" PRESSURE, | conTenT, | STRENGTH.| Colrenr, | DENSITY.
TE Lasssp FT) o, |LBS/SQFT v |LBS/CUFT . ELEVATION 8.0 = FEET
BROWN SANDY CLAY (CL) WITH SOME ROCK
FRAGMENTS (MDDERATELY FIRM)
DS 300 |NATURAL | 450 17.7 105
Fith
75554 GRAY CRGANIC SILTY CLAY (OH) (BAY Mup)
e e e i B e B e s T R
W 2555
e 5775
) > 777, BROWN I SH-GRAY ORGANIC SILTY CLAY (DH)
z 2552 f3AY MUD CRUST)
2
FER S UG P DU PR SETURI I S - LT 7204 GRAY ORGANIC SILTY CLAY (DH)
127.0 | 70.2 DS £90  [SITURAL| 640 g1.: b ) 74 (SOFT BAY MUD)
g8 b
GREENISH-GRAY SANDY CLAY (CL) (STIFF)
15 —J
CLASSIFICATION _ DATA STRENGTH DATA MOISTURE -DENSITY DATA
TEST TEST NATURAL
* FINES LiQuio PLASTICITY TYPE OF SURCHARGE | MOISTURE SHEAR MOISTURE ORY BOR'NG 2|
(-NO. 200} LiMiT INDEX smwf"‘ FRESSURE,| CONTENT, STRENGTH, CONTENT, DENSITY,
TEST lassso er| e |lBS/50 FT| TUMYM iesscu et ELEVATION B.0 = FEET
o
BROWN SANDY CLAY (CL) wWiTH SOME ROCK
FRAGMENTS (MODERATELY F IRM)
T GRAY ORGANIC SILTY CLAY (OH) (BAY Mup)
|— wATER LEVEL 3/21/67 FILL
R U NI ) Ot DR DNDUR U1 71 I SN s 27
o SROWN MEDIUM SANO (SP) WITH SOME CLAY
b LUMPS (LOOSE; CAVING SOIL)
z
= o
R U P ) P D PR T DR o —f 222 GRAY ORGANIC SILTY CLAY (OH) (SOFT BAY MUD)
= 4
& i
w 22724
e 2
22257) '
7
SR I N MU AR S o s GREENISH-GRAY SANOY CLAY (CL) (STIFF)
0
CLASSIFICATION _ DATA STRENGTH DAT A MOISTURE - DENSITY DATA
TEST TEST NATURAL
w Fes | Liowo  Jecasticity | V8 O sucuance | morsture | SYEAR | poicture | ORY BOR'NG 22
80.200} | LT \NOEX s‘rnsnsw prEssURE, | conen, | STRENGTH. [ RETUE | oensiry,
TEST fiasssq Fri e, | |\BS/50 FT] TTUETR fuesscu Y . ELEVATION 8.0 « FEET
BROWN SANDY CLAY (CL) WITH SOME ROCK
. FRAGMENTS (MODERATELY FIRM)
¥ GRAY ORéANIC SILTY CLAY (OH) (BAY MUD) FlLL
[ [ A DN PN S S s
- BROWN FINE SAND (SP) (LDOSE; CAVING SOIL)
o
W
————
= _2222. GRAY ORGANIC SILTY CLAY {OH) (BAY MUD CRUST)
- - -TT--""T" "1 -"-"frr-——-"ft--"4---4--=j-—- = 0 —F2d GRAY ORGANIC SILTY CLAY (OH)
= 2202 {SOFT BAY MUD)
o 2227,
b 2%
Q 2550
75
. GREENISH-GRAY SANDY CLAY (CL) (STIFF)
15
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