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INTRODUCTION 

On behalf of Chevron Environmental Management Company (Chevron), Cambria Environmental 
Technology, Inc. (Cambria) is submitting this report requesting site closure for the former Chevron 
Asphalt Plant and Terminal located at 1520 Powell Street in Emeryville, California (Vicinity Map).  
This report contains hyperlinks to figures and attachments at the back of the report.  Although this 
formatting is best viewed with a current version of Microsoft Word, the figures and attachments can 
be viewed separately without using the hyperlink function.  This site is presented for closure as a low-
risk fuel site based on the San Francisco Bay Regional Water Quality Control Board (SFBRWQCB) 
definition as described in their memorandum “Interim Guidance on Required Cleanup at Low-Risk 
Fuel Sites,” dated January 5, 1996. A summary of the site background, site conditions, and the 
applicability of low-risk fuel site criteria are presented below. 

SITE HISTORY 

The following site history information was obtained from Chevron, SFBRWQCB, and Alameda 
County Health Care Services Agency (ACHCSA) project files.  Attachment A includes copies of 
available maps and analytical data for soil sampling events discussed below.  Second Semi-Annual 
2005 Groundwater Report includes current and historical groundwater data. 

The site is a former Chevron bulk asphalt plant and terminal located at 1520 Powell Street, 
Emeryville, California. The facility was operated from the early 1950s until June 1987.  The three-
acre site is bordered to the east and south by Landregan and Powell Streets, respectively, and to the 
west by Southern Pacific Railroad and gas pipeline right-of-ways (Vicinity Map; Plate 4). The 
northwestern portion of the property was used as a storage and transfer facility for petroleum 
products. Along the eastern margin of the property were storage, garage, and office buildings.  In the 
southwest corner of the property was an office/laboratory building, in which various pavement 
products were researched and marketed.  A portion of the property was leased by Chevron to a 
solvent handler during this same period, but information regarding this tenant’s use and storage of on-
site chemicals is not available.  The northern portion of the site has been redeveloped as an Amtrak 
passenger terminal, and the southern portion of the property has been redeveloped with a 
parking/residential structure.  

In 1985, Chevron’s Marketing Department conducted a field investigation to assess potential soil and 
groundwater contamination at the site. McKesson Environmental Services installed groundwater 
monitoring wells MW-1 through MW-9 (Plate 4). Several volatile organic compounds (VOCs), 
including benzene, chlorobenzene, trans-1,2-dichloroethene (t-1,2-DCE), trichloroethene (TCE), and 
vinyl chloride (VC) were detected in monitoring well MW-1, and polycyclic aromatic hydrocarbons 
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(PAHs) were detected in MW-5. No VOCs or petroleum hydrocarbons were detected in the other 
wells. 

In October 1987, the above-ground fuel tanks and associated piping were removed to allow for 
subsurface analysis. Blaine Tech Services Inc. sampled wells MW-1 through MW-8.  Well MW-9 
could not be located and was determined detectedto have been destroyed earlier during previous 
construction activities on-site. Chloroethane was reported in monitoring well MW-4, and benzene, t-
1,2-DCE, and VC were detected in MW-1. No VOCs or petroleum hydrocarbons were detected in the 
other wells. 

In August 1988, Harding Lawson Associates (HLA) installed on-site wells MW-10 through MW-12.  
TCE and hydrocarbons were detected in soil and groundwater.  HLA also advanced 18 soil borings.  
No total petroleum hydrocarbons as gasoline, diesel, and kerosene (TPHg, TPHd, and TPHk) were 
detected in boring soil samples.  Soil samples from two of the borings contained TCE at 
concentrations up to 1.5 ppm. 

In August and September 1988, both the loading dock and barrel storage area were removed to allow 
for further subsurface analysis. Soil samples contained xylenes and TCE as well as petroleum 
hydrocarbons other than gasoline, diesel and kerosene within C6 to C15 boiling range. Groundwater 
from well MW-1 contained benzene, 1,2-dichloroethene (1,2-DCE), TCE, VC, barium, molybdenum, 
nickel and zinc. 1,2-DCE and TCE were detected in the sample from well MW-10.  
Tetrachloroethene (PCE) was detected in the samples from wells MW-1l and MW-12, and trace 
concentrations of TCE were detected in well MW-1l. Petroleum hydrocarbons were detected in wells 
MW-1, MW-4, MW-5 and MW-6. 

In September 1988, Western Geologic Resources, Inc. (WGR) advanced 42 soil borings on-site near 
the old barrel storage area, and off-site to evaluate vertical extent of hydrocarbon impact to shallow 
soil.  Residual fuel hydrocarbons, mainly in the diesel range, were reported at concentrations up to 
2,700 ppm in soil from most of the borings.  Low concentrations of BTEX were also detected in the 
soil samples. 

In December 1988, Groundwater Technology, Inc. (GTI) advanced 33 additional soil borings to 
further evaluate the vertical and horizontal extent of fuel hydrocarbons and halocarbons in the 
unsaturated zone.  Halogenated hydrocarbons (halocarbons) were reported in most samples, and less 
than half of the samples contained fuel range hydrocarbon concentrations. 

From April to September 1989, approximately 10,400 cubic yards of soil containing hydrocarbons 
were excavated to a depth of 6 fbg. Soil was removed until hydrocarbons were no longer detected 
using a photoionization detector (PID).  The excavation was lined with 10-mil Visqueen and 
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backfilled with 1.5-inch diameter crushed rock and covered at the surface with graded subbase 
material.  During excavation activities, wells MW-4 through MW-6 were removed.  An additional 
256 cubic yards of hydrocarbon-bearing soil were excavated and removed from four other locations. 
Three locations were within the southwest office/laboratory building, and the other one was just 
outside the building area. Soil was removed until halocarbons were no longer detected using a 
portable gas chromatograph.  This excavated area was lined with visqueen sheeting, then backfilled 
with 1.5-inch diameter clean crushed rock.  Excavated soil was transported to the American Rock and 
Asphalt Facility in Richmond, California.  

In February 1990, WGR conducted a 24 hour pump test on well MW-12.  A sustained yield of up to 
0.26 gallons per minute was achieved during the test, resulting in a calculated transmissivity of 1.48 
cubic feet per foot, or 11 gallons per day per foot of drawdown.  These results give an estimated 
downgradient radius of influence of 358 feet with approximately 500 days of pumping required to 
remove one interstitial volume of groundwater in the downgradient direction.  Because the principal 
compounds of concern downgradient of the site include PCE, TCE, and 1,2-DCE that do not readily 
desorb from soil, it was concluded that groundwater extraction is too inefficient and would probably 
not be effective to remediate the site. 

In February and March 1990, on-site borings B-1 through B-3 were drilled beyond the perimeter of 
the excavation, and two of the borings (B-2 and B-3) were completed as monitoring wells MW-13 
and MW-14.  Additional wells MW-15 through MW-19 were installed off-site.  Fuel hydrocarbons 
were detected in groundwater from the two new on-site wells, and TCE, PCE, and 1,2-DCE were 
detected in the five wells installed off-site.  Four of the newly installed wells located off-site 
downgradient, across Powell Street had concentrations of dissolved metals in groundwater, but it was 
discovered that a former machine shop was located in this area across from the Chevron facility, and 
was the likely source of these metals. 

In March and April 1990, 43 shallow soil borings were drilled around the northern edge of the 
excavated area, and along the western property boundary.  Soil from only one boring contained TCE, 
while soil from a few borings contained low TPHg concentrations.  Oil and grease (O&G) was 
reported in soil from nearly all soil borings, but only five borings had O&G concentrations exceeding 
100 ppm.  In October 1990, approximately 500 cubic yards of soil was excavated from two locations 
along the western edge of the property. 

The former laboratory building was demolished in 1991.  Soil samples were collected from 24 
shallow borings beneath the building.  Soil samples collected mainly beneath the eastern half of the 
building contained concentrations of TPH, TCE, benzene, and O&G. 
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An US Environmental Protection Agency Superfund site owned by Westinghouse is located directly 
north of the site at 6121 Hollis Street. The site contains soils contaminated with polychlorinated 
biphenyls (PCBs). The soil is covered with a clay and asphalt cap. A remedial action has been 
initiated that includes surrounding the contaminated soils with a continuous slurry cutoff wall tied 
into the underlying bay mud. Groundwater is monitored quarterly at the Westinghouse site and does 
not show any migration of PCBs into groundwater offsite. This has been verified by historical 
sampling results for the former Chevron asphalt plant indicating PCBs were not detected. 

In 1992, Geraghty & Miller, Inc. prepared a detailed risk assessment report for the Chevron site.  The 
report included a discussion of the extent of soil and groundwater impact, toxicity effects and profiles, 
exposure pathways, and health-based remediation goals.  The executive summary for that report is 
included in Attachment C.  Based on their risk assessment, the levels of constituents of concern in soil 
and groundwater were below health-based goals, and further remediation was not warranted.  On 
October 16, 1992, the ACHCSA issued a letter concurring with this conclusion. 

In April and May 1992, Geraghty & Miller, Inc. collected confirmation soil samples following the 
removal of a shed/storeroom and garage, including compliance sampling beneath the hydraulic lift 
and mechanic’s pit in the former garage.  Low concentrations of TPHd, O&G, VOCs, and metals 
were detected in the soil samples.   Approximately 15 cubic yards of soil was overexcavated beneath 
the former mechanic’s pit.  Soil was excavated until PID readings approached zero. 

On November 20, 1992, the SFBRWQCB issued a letter indicating that it is their opinion, as well as 
the opinion of the staff at the ACHCSA, that the soil and groundwater at this site do not pose an 
undue risk to human health or the environment, and further excavation of soil is not warranted.  They 
allowed the redevelopment of the site. 

During the April 1995 groundwater sampling event, a black oily substance was observed in 
monitoring well MW-2. In addition, this well was observed to be filled in with sandy gravel-type 
material. The sounded depth during this event was 2.87 feet bgs. It is assumed that the substance 
inadvertently entered the well during asphalt paving of the newly created parking lot. 

On July 29, 1995, Gettler-Ryan, Inc. (GR) abandoned well MW-19.  On October 30, 1995, GR 
installed monitoring well MW-19A, and abandoned well MW-2 by overdrilling to 18 fbg, then 
constructed well MW-2A in the overdrilled boring.  PCE was detected in soil at a concentration of 
0.017 ppm in well MW-19A.  TPHg, cis-1,2-dichloroethene, TCE, and PCE were detected in 
groundwater from MW-19A. 

On October 27, 1997, Cambria submitted a Site Information Summary for Case Closure report.  The 
report summarized results from previous investigations, and because both the SFBRWQCB and 
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ACHCSA had indicated that additional soil remediation is not warranted and groundwater conditions 
continue to improve, this site should be considered for No Further Action status.   

In November 1999, GR advanced 64 soil borings to 10 fbg and destroyed five monitoring wells 
(MW-2A, MW-8, MW-10, MW-11, and MW-13) in preparation for construction of a 
parking/residential structure at the site.  Monitoring wells MW-1 and MW-12 were also scheduled to 
be destroyed, but could not be located.  Two soil samples were collected from each boring, and soil 
samples collected from every two borings were composited before analysis.  Soil boring data were 
used to pre-profile soil to be excavated and removed from the site during construction.  In December 
1999, approximately 32,000 cubic yards of soil was removed from the site.  This volume of soil 
equals an excavation approximately 15 feet deep over the area of the proposed garage footprint.  
Monitoring wells MW-1 and MW-12 were located within the footprint of the new parking/residential 
structure, and were likely destroyed during excavation activities. 
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Regional 
Setting 

Geology/Stratigraphy 
Geologic units are generally divided into two groups: 1) 
consolidated Late Cretaceous to Late Jurassic bedrock and 
2) unconsolidated Pleistocene and Holocene sediments. 
Bedrock includes lithologic facies of the Novato Quarry 
terrain, Franciscan Complex, and Great Valley Sequence. 
Unconsolidated younger sediments vary in thickness up to 
approximately 1,000 feet thick. The majority of the 
Emeryville area is underlain by alluvial fan, fluvial, and 
natural levee deposits, and artificial fill material. 
 

  
(1) 
(2) 

 
http://geopubs. 
wr.usgs.gov 

   

 Hydrogeology 
The site is located in the East Bay Plain Subbasin of the 
Santa Clara Valley Groundwater Basin. The basin is an 
elongated northwest trending flat alluvial plain occupying 
approximately 122 square miles. The basin extends to the 
west beneath the San Francisco Bay, is bounded to the 
north by San Pablo Bay and by the Hayward fault to the 
east, and to the south by the Niles Cone Groundwater 
Basin. The bottom of the basin is the contact between the 
consolidated and unconsolidated sediments which can 
occur at maximum depths of 1,000 feet. The East Bay 
Plain Subbasin consists of a series of alluvial fan and 
fluvial deposits.  

  
(3) 

 
DWR Bulletin 118, 
East Bay Plain 
Subbasin, Santa Clara 
Valley Groundwater 
Basin, East Bay Plain 
Subbasin 
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 Groundwater Pumping 
According to SWRCB Geotracker database and a DWR 
well search, there are no water production wells in the 
vicinity of the site, and groundwater is not used for 
drinking water. 
 

      

 Preferential Pathways 
Well Survey - A one-half mile DWR well survey 
identified four wells (4).  The wells are located at the 
adjacent Emeryville Amtrak Station site.  Although their 
use was not identified, their shallow construction suggests 
they are monitoring wells. 
 
Utility Survey –  Gas, sanitary sewer, water, storm drain, 
communication, and electric lines have been identified in 
the immediate vicinity of the site (5).  High-pressure gas 
lines have been identified within the adjacent Southern 
Pacific railroad right-of-way.  Trenches for the sewer and 
storm drain can act as preferential pathways, and could 
possibly explain previously reported HVOC 
concentrations in cross-gradient well MW-16 at this site.  
Trenches for the other utilities identified are generally 
within 3 to 6 feet bgs and likely do not provide 
preferential pathways at this site. 
 

 
(4) 

 
(5) 

    

 Nearby Release Sites 
LUFT Sites: 
Days Inn, 1603 Powell Street (Closed Case) 
     Diesel Fuel Oil and Additives 
Hydraulic Electro Service Corp, 5812 Hollis Street 

 
 
 

 
(6) 

 
SWRCB Geotracker 
database 

   



Site Conceptual Model and Request for Site Closure 
Mr. Barney Chan 

March 23, 2006 
 
 

8 

C A M B R I A 

 DESCRIPTION 

D
at

a 
Ta

bl
es

 

G
ra

ph
ic

s 

R
ef

er
en

ce
 

D
at

a 
G

ap
s 

W
or

k 
N

ec
es

sa
ry

 
to

 fi
ll 

da
ta

 
ga

p 

C
om

m
en

ts
 

(Open Case) 
     Diesel Fuel Oil and Additives 
AJ Trucking, 5600 Shellmound Street (Open Case) 
     Gasoline  
 
SLIC Sites: 
Westinghouse Electric Corp., 4899 Peladeau Street 
(Open Case) 
 

Site Setting Site Geology 
The site is located in Alameda County in the City of 
Emeryville. The topography in the site vicinity is 
relatively flat at the elevation of approximately 10 feet 
above mean sea level. Regionally, the Berkeley Hills lie to 
the east and grade westerly into flat lands ending at San 
Francisco Bay. The closest surface water is the San 
Francisco Bay located approximately one-half mile west 
of the site, toward which groundwater is migrating.  The 
site is located within the California Coast Ranges. The 
Coast Ranges have a Franciscan basement composed of 
graywackes, limestone, shale, and radiolarian chert. The 
Hayward Fault Zone is located approximately one mile to 
the east and the San Andreas Fault Zone is approximately 
five miles to the west.  Locally, the site is underlain 
mainly by silty to sandy clay with sand and gravel 
laminations. Historical groundwater monitoring data 
indicate that groundwater is encountered approximately 1 
to 8 feet bgs, and groundwater flow is to the south.   

  
(E) 

 
Norris, R. M., and 
Webb, R. W., 1990, 
Geology of California: 
John Wiley and Sons, 
537 p. 
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 Groundwater Conditions 
Cross sections A-A’ (7) and B-B’ (8) show correlation of 
shallow subsurface soil across the site.  As shown on the 
cross sections, the shallow subsurface can be divided into 
three general soil horizons.  The upper soil horizon 
consists of low estimated permeability silt and clay with 
gravel lying beneath a cap of concrete, asphalt, and fill 
material.  This upper horizon thickens southward, from 
approximately 3 feet thick at the northern boundary of the 
site to approximately 7 feet thick near the southern 
boundary of the site.  The middle soil horizon consists of 
moderate estimated permeability silty clay with thin, 
interbedded sand and gravels.  This middle horizon is 
generally 5 to 10 feet thick, and dips slightly to the south. 
Groundwater flow and contaminant migration beneath the 
site is interpreted to be predominantly within the middle 
horizon, with flow in a southerly direction.  The lower 
horizon consists of low estimated permeability silt and 
clay, which becomes moist to damp with depth 
representing a natural boundary to downward flow and 
migration. 
 

  
(7) 
(8) 
 
 
 

    

 Source Area 
Impacted soil in the source areas for petroleum 
hydrocarbons that appear to have been the former ASTs 
was excavated in 1989, 1990, and 1992.  Approximately 
11,000 cubic yards of hydrocarbon-bearing soil were 
removed from the site.   In December 1999, 
approximately 32,000 cubic yards of additional soil was 
removed from the site, including soil from the southwest 

  
(A) 
(9) 
(10) 
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corner of the site that contained residual HVOCs. 
 

 Dissolved plume 
The aerial photo and site conceptual model present the 
interpreted extent of the current TCE plume 
downgradient.  This interpretation is based on current 
TCE extent in groundwater shown on the TCE 
Isoconcentration Map and fate and transport modeling 
discussed below.  Overall, the TPHg and HVOC plumes 
are currently defined to relevant ESLs (11), and 
concentrations are steadily declining.  Total petroleum 
hydrocarbons as gasoline (TPHg) have declined below the 
ESL of 500 µg/L in all sampled wells (Table 5).  The 
current maximum TPHg concentration was reported in 
MW-19A at 180 µg/L.  HVOCs are also steadily 
declining.  TCE and PCE concentrations recently reported 
in MW-19A are 77 µg/L and 350 µg/L, respectively.  
Only PCE currently exceeds its drinking water ESL of 
120 µg/L.  Concentration trends continue to decline as 
shown in trend graphs for wells MW-17, MW-18, and 
MW-19A.   
 
As shown in the graphs, natural attenuation appears to be 
an effective remedial option to achieve background 
conditions at this site.  The presence of cis-1,2-DCE 
indicate some reductive dehalogenation activity, but 
historical data from well MW-1 and current data for well 
MW-19A show the presence of vinyl chloride indicating 
strong reductive dehalogenation activity.  As shown in the 
aerial photo, the interpreted TCE plume downgradient 

 
(11) 
(B) 

 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
 
 

 
California Regional 
Water Quality Control 
Board San Francisco 
Bay Region, 2005, 
Screening for 
Environmental 
Concerns at Sites with 
Contaminated Soil and 
Groundwater:  ESL 
from Table B: Shallow 
Soil (≤3m bgs) – 
Water is not a current 
or potential source of 
drinking water 
 
Newell, C. J., and 
Conner, J. A., 1998, 
Characteristics of 
Dissolved Petroleum 
Hydrocarbon Plumes: 
American Petroleum 
Institute, Washington, 
D.C. 
 
McNab, W. W., Rice, 
D. W., and Tuckfield, 
C., 2000, Evaluating 
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extent is approximately one-half the average chlorinated 
ethene plume extent.  Plume lengths for sites with strong 
reductive dehalogenation appear to be significantly 
smaller by roughly a factor of two, which correlates with 
the interpreted plume extent. 
 

Chlorinated 
Hydrocarbon Plume 
Behavior Using 
Historical Case 
Population Analyses: 
Lawrence Livermore 
National Laboratory, 
Livermore, CA. 

 Remediation 
From April to September 1989, approximately 10,400 
cubic yards of hydrocarbon-bearing soil were excavated to 
a depth of 6 fbg. Soil was removed until hydrocarbons 
were no longer detected using a photoionization detector 
(PID).  An additional 256 cubic yards of contaminated soil 
were excavated and removed from four other locations. 
Three locations were within the southwest 
office/laboratory building, and the other one was just 
outside the building area. Soil was removed until 
halocarbons were no longer detected using a portable gas 
chromatograph.  Excavated soil was transported to the 
American Rock and Asphalt Facility in Richmond, 
California. 
 
In October 1990, approximately 500 cubic yards of soil 
was excavated from two locations along the western edge 
of the property. 
 
In April and May 1992, the removal of a shed/storeroom 
and garage, approximately 15 cubic yards of soil was 
overexcavated beneath the former mechanic’s pit.  Soil 

  
(9) 
(10) 
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was excavated until PID readings approached zero. 

In December 1999, during construction of a 
residential/parking structure on the site, approximately 
32,000 cubic yards of soil was removed from the site.  
This volume of soil equals an excavation approximately 
15 feet deep over the area of the proposed garage 
footprint.   
 

 Evaluation of potential impacts to water supply wells 
Groundwater in the vicinity of the site is not a source of 
drinking water.  No potential impact. 
 

  
 
 

SWRCB Geotracker 
database 
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FATE AND TRANSPORT MODELING 

The following covers the information required for documenting groundwater flow modeling as 
requested by the California Environmental Protection Agency (CalEPA) in Ground Water Modeling 
For Hydrogeologic Characterization, dated July 1995, and by the State Water Resources Control 
Board (SWRCB) in Evaluation of Ground Water Model Applications 
(http://www.waterboards.ca.gov/cwphome/land/gw_modeling.html).   This documentation follows 
the general outline of the American Society for Testing and Material’s (ASTM) Standard D-5718, 
Standard Guide for Documenting a Ground-Water Flow Model Application, dated June 1995. 

Introduction – Presents the modeling objectives, the function the model will serve, and a brief 
general setting of the model area.  Identifies the individuals involved with the modeling effort and 
their roles. 

Modeling Objectives:  The objective of this model is to predict the fate of the remaining HVOC 
plume, which is necessary in order to evaluate future risk to human health and the environment in the 
vicinity of the site.  The objective of this study is to evaluate migration of contaminants in 
groundwater following release, to evaluate changes in groundwater flow following construction of the 
on-site parking/residential structure, and to assess the possible fate of the remaining HVOC plume. 

Model Function:  The model was created from known historical and current hydrogeologic 
conditions, and was calibrated based on reasonable assumptions in order to obtain the resulting 
HVOC plume distribution currently observed.  Once calibrated to match current conditions, the model 
was used to predict future fate of the HVOC plume. 

General Setting:  The site is located in Alameda County in the City of Emeryville. Surrounding land 
use consists mainly of commercial use with some light industrial and residential use.  The topography 
in the site vicinity is relatively flat at an elevation of approximately 10 feet above mean sea level. 
Regionally, the Berkeley Hills lie to the east and grade westerly into flat lands ending at San 
Francisco Bay. The closest surface water is the San Francisco Bay located approximately 1/2 mile 
west of the site, toward which groundwater is migrating.  The site is located within the California 
Coast Ranges. The Coast Ranges have a Franciscan basement composed of graywackes, limestone, 
shale, and radiolarian chert (Norris, R. M. and Webb, R. W., 1990, Geology of California: John Wiley 
and Sons, 537 p). The Hayward Fault Zone is located approximately one mile to the east and the San 
Andreas Fault Zone is approximately five miles to the west.  Locally, the site is underlain mainly by 
silty to sandy clay with sand and gravel interbeds. Historical groundwater monitoring data indicate 
that groundwater is encountered approximately 1 to 8 feet bgs, and flow is to the south. 

Modeling Personnel:  David W. Herzog, P.G., Senior Project Geologist, Cambria Environmental 
Technology, Inc. – Preparation of site conceptual and groundwater flow and transport models. 
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Conceptual Model – Presents the conceptual model as a site-specific interpretation (based on 
collected data) of the characteristics and dynamics of the physical system being studied.  Includes 
discussion of the aquifer system (both geologic and hydrologic aspects), hydrologic boundaries, 
hydraulic properties, sources and sinks, and a water budget.  Presents and discusses data set origins, 
strengths, and deficiencies, and their effects on the conceptual model. 

Aquifer System:  Cross sections A-A’ and B-B’ show correlation of shallow subsurface soil across 
the site.  As shown on the cross sections, the shallow subsurface can be divided into three general soil 
horizons.  The upper soil horizon consists of low estimated permeability silt and clay with gravel 
lying beneath a cap of concrete, asphalt, and fill material.  This upper horizon thickens southward, 
from approximately 3 feet thick at the northern boundary of the site to approximately 7 feet thick near 
the southern boundary of the site.  The middle soil horizon consists of moderate estimated 
permeability silty clay with sand and gravel laminations.  This middle horizon is generally 5 to 10 
feet thick, and dips slightly to the south. Groundwater flow and contaminant migration beneath the 
site is interpreted to be predominantly within the middle horizon, with flow in a southerly direction.  
The lower horizon consists of low estimated permeability silt and clay, which becomes moist to damp 
with depth representing a natural boundary to downward flow and migration. 

Hydrologic Boundaries:  Within the limits of the study area as shown on the Flow Model Domain, no 
natural hydrologic boundaries appear to exist.  For the model, groundwater enters the study area along 
the northern boundary and flows toward the southern boundary parallel to the east and west, no-flow 
boundaries. 

Hydraulic Properties:  From a pump test conducted by WGR in 1990, transmissivity was calculated at 
1.48 cubic feet per foot of drawdown based on a sustained yield of up to 0.26 gallons per minute.  
Based on this transmissivity, conductivity is calculated at 241.14 feet per day (0.085 cm/sec), which 
according to Fetter (1994) is equivalent to well sorted gravel.  Based on this elevated hydraulic 
conductivity, it appears that water produced during this test was from the excavation backfill and not 
native soil.   This conclusion is based on the fact that no native well sorted gravel was identified 
during assessment work at this site, and the well used for the pump test was located immediately 
adjacent to the 1989 excavation that was backfilled with uniform 1.5-inch diameter crushed rock,.   

Based on soil type observed during drilling, Cambria assumes a native conductivity of 8.5 feet per 
day (3.0x10-3 cm/sec).  With this conductivity, the unconfined aquifer steady-state groundwater 
velocity is calculated at 0.097 feet per day.  Across the limited extent of the study area, these 
parameters are assumed to be essentially uniform.   

Sources and Sinks:  No natural sources or sinks were identified within the limited study area,.  It is 
assumed that the majority of surface area is paved and drained, and provides a significant barrier to 
infiltration, resulting in no effective recharge. 
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Water Budget:  For the model, groundwater is assumed to enter the area along the northern boundary 
and flow parallel to the east and west lateral no-flow boundaries.  Groundwater is assumed to leave 
the model area across the southern boundary with no change in the volume of water.  In the initial 
model prior to remedial excavation activities, flow is assumed to be uniform, which is reasonable 
given the limited extent of the study area.   

Computer Code Description – Presents a description of the code used and discusses the selection 
criteria for the code.  If a custom or altered code is used, the vendor name, enhancements to the code, 
and how the code was tested are listed.  Presents the simplifying assumptions inherent to the code, 
the limitations to the code, and the governing equations that the code solves. 

The program used is Interactive Ground Water version 3.5.6 (IGW 3), which was released by Dr. 
Shuguang Li and Associates at Michigan State University on February 2, 2004.  IGW 3 utilizes a 
finite difference solution similar to MODFLOW (equation 1) for solving groundwater flow, but has 
been modified (equation 2) to eliminate the problem caused when anisotropy is strong and its 
orientation differs significantly from the rectilinear coordinate system, which in MODFLOW can 
result in unphysical results (Afshari, S., Simard, A., Liao, H., Liu, Q., and Li, S., An Improved 
Method for Solving Groundwater Flow Problems in General Anisotropic Media: Poster H42C-05, 
American Geophysical Union Spring Meeting, Washington D.C., May 2002 
[www.egr.msu.edu/igw]).   

The governing partial differential equation describing groundwater flow used in MODFLOW is: 

S(∂Ф/∂t) = K(∂2Ф/∂x2)+r   (1) 

Where: 

Ф is the hydraulic head   x is global rectilinear coordinate    r is a leakage factor  

S is specific storage   K is the hydraulic conductivity  

 

In IGW 3, equation (1) is rewritten in a two-dimensional coordinate system aligned with major 
anisotropy as: 

S(∂Ф/∂t) = Kx(∂2Ф/∂x2)+ Ky(∂2Ф/∂y2)+r  (2) 

In the rotated coordinate system aligned with major anisotropy, IGW 3 expresses and interpolates 
non-nodal heads in the resulting numerical expression in term of global nodal heads, which results in 
a more accurate and physically meaningful solution than the traditional MODFLOW finite difference 
scheme.  IGW 3 uses Successive Over Relaxation (SOR) as its flow solver.  The SOR method 
introduces a relaxation factor to the Gauss-Seidel method, which solves the matrix in a systematic, 
ordered fashion by exaggerating the head value used in the solution of subsequent head cells within 
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the same iteration.  This method is more efficient than the Gauss-Seidel method with a reasonable 
relaxation factor.  

For solute transport, IGW 3 modifies the classical advection-dispersion equation (Fick’s Law) that is 
used by MT3D (equation 3), which can result in significant unphysical oscillations and negative 
concentrations when dispersion is strongly anisotropic and deviates significantly from the rectilinear 
grid orientation.  IGW 3 eliminates the numerical difficulty associated with traditional methods by 
approximating the tensorial dispersion terms in a rotated coordinate system aligned in the direction of 
flow (Simard, A., Afshari, S., Liao, H., Liu, Q., and Li, S., An Improved Method for Solving General 
Anisotropic Dispersion Problems in Non-Uniform Flow: Poster H42C-07, American Geophysical 
Union Spring Meeting, Washington D.C., May 2002 [www.egr.msu.edu/igw]). 

The governing equation for one-dimensional hydrodynamic dispersion similar to that used in MT3D 
is: 

∂C/∂t = DL(∂2C /∂x2)-vx(∂C/∂x)   (3) 

Where: 

vx is seepage velocity in the x-direction x is the rectilinear coordinate 

C is the solute concentration DL is the longitudinal hydrodynamic dispersion coefficient  

Which is the rate of solute accumulation is equal to the net rate of solute inflow due to dispersion 
minus the net rate of solute inflow due to advection.  In IGW 3, the solute inflow term in equation (3) 
is rewritten in a coordinate system aligned with major anisotropy as: 

∂C/∂t = DL(∂2C /∂x2)+DT(∂2C /∂y2)   (4) 

Where: 

DT is the transverse hydrodynamic dispersion coefficient 

IGW 3 uses either the Modified Method of Characteristics (MMOC) or Random Walk methods for 
solving solute transport.   Cambria used the MMOC function for this problem.  With MMOC, a 
modeled plume tends to disperse faster than is observed in the real world, but the results using 
MMOC more closely match actual site data.  Faster plume dispersion may be a function of the strong 
reductive dehalogenation observed at the site.  

A more complete description of the IGW software environment is included in A New Paradigm for 
Groundwater Modeling (www.egr.msu.edu/igw/publications/igw-new-paradigm.pdf) by Shu-Guang 
Li and Qun Liu of the Department of Civil and Environmental Engineering at Michigan State 
University. 
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Model Construction – Defines the model domain.  Defines initial conditions, boundary conditions, 
and hydraulic conditions, and the validity of their selection.  Discusses any simplifying assumptions 
made to the conceptual model, and how the conceptual model is compatible with the modeling 
objectives and function. 

Model Domain:  The model area depicted in the Flow Model Domain is 2,775 feet by 2,220 feet.  
Grid size within the model area is approximately 28 feet by 28 feet.  The parent zone of the model is 
shown within the red boundary, in which the direction of anisotropic flow is 78 degrees from 
horizontal.  Because hydrologic and geologic conditions are assumed essentially uniform across the 
limited area of the parent zone, the uniform grid spacing and size are appropriate for this model.  As 
previously described in the site conceptual model, the majority of flow and contaminant transport is 
interpreted to be within the middle soil horizon.  For this model, in order to maintain uniform flow 
across the zone, the middle soil horizon is modeled as a single layer with a base that is dipping 
southward at a constant slope in order for saturated thickness to remain uniform.  This representation 
is similar to actual site conditions showing a slightly southward dipping middle soil horizon.  
Although soil beneath the middle horizon goes from moist to damp with depth, indicating an aquitard 
restricting vertical flow, the base of the saturated middle zone is not distinct.  For this model, the 
saturated thickness is assigned based on the thickness of water in well MW-3 on October 28, 1992, 
which was 8.43 feet, under the assumption that well MW-3 was set to the based of the saturated 
aquifer.  Although this is a single-layer three-dimensional model, vertical dispersion and flow within 
the middle horizon is believed to be negligible, so the exact thickness of the saturated soil is not 
critical to the results. 

Hydraulic Parameters:  In the 1990 pump test conducted by WGR, the resulting conductivity of 
241.14 feet per day indicates a well sorted gravel matrix.  Since this interpretation of matrix type does 
not match native soil encounter beneath the site, the results are suspect.  The pump test was conducted 
using well MW-12, which was located immediately adjacent to the area of remedial excavation in 
1989.  After removing the impacted soil from the excavation, the area was lined with 10-mil 
Visqueen and backfilled with 1.5-inch diameter crushed rock.  The results obtained from the pump 
test suggest that groundwater was being produced preferentially from crushed rock in the backfilled 
excavation, and not from the surrounding native soil.   

Soil identified at the site in the middle horizon is silty clay with thin sand and gravel interbeds.  
Assuming that the sand and gravel interbeds are in lateral communication across the site, which 
appears to be the method of significant contaminant migration downgradient of the site, the soil in 
this horizon is conservatively interpreted to be similar to well-sorted sands, with a hydraulic 
conductivity of 10-3 to 10-1 centimeters per second (Fetter 1994) and an effective porosity of 
approximately 20 percent.  The average linear velocity is calculated at approximately 0.1 feet per day, 
which is significantly less than that derived from the 1990 WGR pump test results.   
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Sources and Sinks:  No sources or sinks were interpreted within the limited extent of the model 
domain. 

Boundary Conditions:  The boundary conditions were set to approximate groundwater flow and 
gradient observed on October 28, 1992.  The parent zone as shown in the Flow Model Domain was 
oriented in the average direction of historical groundwater flow monitored at this site.  The northern 
and southern boundaries of the parent zone are assigned as constant head boundaries based on depth 
to groundwater and gradient observed between wells MW-3 and MW-10 on October 28, 1992.  The 
east and west boundaries of the parent zone are assigned no-flow boundaries.  The resulting flow 
model approximates conditions observed historically at this site. 

Selection of Calibration Targets and Goals:  The model was calibrated based on the current 
interpreted extent of the HVOC plume.  Hydrologic and geologic parameters were adjusted so that the 
modeled historic migration of the plume from the source approximates its current extent.  Given that 
the resulting hydraulic conductivity and flow rate produce a model approximating reality, a prediction 
of HVOC plume fate and transport has the possibility of being useful. 

Calibration – Presents and discusses model calibration procedures.  Presents the results of the 
calibration simulation in map form, and compared to hydraulic head and flow data.  Discusses 
comparison of calibration simulations to site-specific information using qualitative and quantitative 
techniques.  Discusses sensitivity analyses and the model verification.  Discusses and presents the 
simulation’s overall water budget and mass balance.  Discusses additional insight gained from the 
calibration regarding the conceptual model.  Justifies any changes made to the conceptual model.. 
Documents any pre-processing or post-processing algorithms, and any parameters these algorithms 
use for processing. 

Qualitative/Quantitative Analysis:   

The model was constructed to approximate site-specific data.  The reliability of the model was 
determined based on a qualitative review of the results discussed below under Model Application 
Verification.   

Cambria’s modeling approach conforms to SWRCB staff guidelines for groundwater modeling 
presented in Evaluation of Groundwater Modeling Applications.  Their approach to groundwater 
model evaluation is based on the application’s ability to adequately represent the ground water system 
for the purpose of model application.   

Sensitivity Analysis: 

Because the model was constructed to approximate site-specific data, sensitivity analysis was not 
significant for model verification.  Although not needed, Cambria did test the sensitivity of various 
parameters in the IGW 3 model.  The most sensitive parameter is conductivity.  But given the results 
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of model verification discussed below, Cambria believes that the conductivity value used in the model 
is appropriate. 

Model Application Verification: 

Cambria verified the model by approximating historical TCE plume migration downgradient to match 
current interpreted TCE plume extent.  Cambria assumed that starting in 1970, a continuous HVOC 
source was present in the southern corner of the site, where residual HVOCs were identified in soil.  
Starting with a model in which the flow system is homogeneous and isotropic with uniform constant 
head inflow and outflow boundaries and using the calculated soil conductivity and porosity values, 
which is reasonable given the limited extent of the area modeled around the subject site, the model 
was run to simulate migration over a 20-year period through 1990.  Figure A shows a TCE plume 
migration downgradient after 20 years that is similar in extent to the existing TCE plume.  

 In 1990, Chevron’s asphalt and terminal operations had already ceased, and significant remedial 
excavation took place on-site.  Because the extent of this excavation penetrates the modeled horizon 
and was lined with Visqueen prior to being backfilled, this area was added to the model as a no flow 
zone as shown on Figure B.  Also, because Chevron ceased its operations on-site, the HVOC source 
is no longer considered continuous, and remaining residual impact is treated as an instantaneous 
source.  Figure B shows migration of an instantaneous source on-site over the next ten years, 
representing the period from 1990 to 2000 prior to construction of the existing residential/parking 
structure.  Based on the extent of TCE plume migration shown in Figures A and B, compared to 
current monitoring and sampling data, the flow model appears reasonable, verifying the models 
relevancy to approximating uncertainties in contaminant fate and transport.   

The applicability of the IGW 3 model for predictive simulations is verified based on obtaining 
reasonable comparisons to current and historical data. 

Predictive Simulations – Describes any predictive simulations and how they relate to the study 
objectives.  Details and justifies the changes made to permit the calibrated model to simulate these 
predictions.  Presents results of any predictive simulations in graphical form. 

Figures C and D show predicted TCE and PCE plume migration, respectively.  Both transport models 
start with interpreted dissolved plume extents based on current groundwater monitoring and sampling 
data as an instantaneous source.  Because the existing residential/parking structure penetrates the 
modeled horizon, and all residual source material was removed from the site in 1999 prior to 
construction of the existing structure, the aerial extent of the existing structure was added to the 
model as a no-flow zone.  At each step of the simulations shown in Figures C and D, the 5 ug/L 
contour of the plumes are shown.  In IGW 3, the colors shown within the plume are for illustrative 
purposes and do not represent concentration intervals.  Both figures show HVOC plumes migrating 
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slowly downgradient, but at declining concentrations that approach background conditions within a 
reasonable period of time.  Also, both predictive simulations show that the HVOC plume does not 
appear to pose any additional threat to potential downgradient receptors. 

In addition to historical verification of the predictive simulations discussed above, the decline in PCE 
and TCE concentrations shown in Figures C and D approximate declining concentration trends shown 
on trend graphs for wells MW-17, MW-18, and MW-19A. 

Summary and Conclusions – Summarizes the modeling effort and draws conclusions related to the 
study objectives.  Discusses uncertainties inherent to the model and their effects on conclusions 
derived from the model. 

The results of the groundwater flow and fate and transport modeling suggest that the existing HVOC 
plume will continue to decline in mass and should not pose a threat to potential downgradient 
receptors.  Because the majority of the current plume is below respective ESLs, no future threat is 
anticipated, and background conditions should be achieved within a reasonable period of time by 
natural attenuation processes.  

Since the model was constructed to match calculated parameters, possible variations in these values 
could significantly affect predictive results; although, the results obtained through the verification 
phase reasonably approximate currently observed groundwater conditions.  Cambria believes that the 
results of the predictive simulations are useful for evaluating risk at this site.  In addition, because 
residual source material has been removed through remedial excavation, no source remains to reverse 
improving conditions downgradient of the site. 

Modeling References – Provides references for data, computer codes, and modeling procedures 
used as part of the modeling effort. 

Fetter, C. W., 1994, Applied hydrogeology: Macmillan College Publishing Company, New York. 

Franke, O. L., Reilly, T. E., and Bennett, G. D., 1987, Definition of boundary and initial conditions in 
the analysis of saturated ground-water flow systems—an introduction: U. S. Geological Survey 
Techniques of Water-Resources Investigations, Chapter B5, 22 p. 

Li, S., and Liu, Q., 2004, Interactive Groundwater (IGS): An innovative digital laboratory for 
groundwater education and research: Wiley Periodicals, Inc. Comput Appl Eng Educ 11: 179 – 202, 
2003; Published online in Wiley InterScience (www.interscience.wiley.com); DOI 
10.1002/cae.10052. 

McNab, W. W., Rice, D. W., and Tuckfield, C., 2000, Evaluating chlorinated hydrocarbon plume 
behavior using historical case population analyses: Lawrence Livermore National Laboratory, 
UCRL-JC-134501,     33 p. 
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Paulson, K., and Li, S., 2002, IGW user’s manual for version 3: Michigan State University College of 
Engineering, 176 p. 

Reilly, T. E., and Harbaugh, A. W., 2004, Guidelines for evaluating ground-water flow models: U.S. 
Geological Survey Scientific Investigations Report 2004-5038, 30 p. 

Wiedemeier, T. H., et al., 1998, Technical protocol for evaluating natural attenuation of chlorinated 
solvents in groundwater: U. S. Environmental Protection Agency, EPA/600/R-98/128. 

REGULATORY STATUS REVIEW AND RECOMMENDATIONS 

The site appears to meet the SFBRWQCB criteria for a low-risk groundwater site.  As described by 
the January 5, 1995, SFBRWQCB memorandum Regional Board Supplemental Instructions to State 
Water Board December 8, 1995, Interim Guidance on Required Cleanup at Low-Risk Fuel Sites, a 
low-risk groundwater case has the following general characteristics: 

• The leak has stopped and ongoing sources, including free product, have been 
removed or remediated, 

• The site has been adequately characterized, 
• The dissolved hydrocarbon plume is not migrating, 
• No water wells, deeper drinking water aquifers, surface water, or other sensitive 

receptors are likely to be impacted, 
• The site presents no significant risk to human health or the environment. 

Each of the low-risk groundwater case characteristics, as they relate to the site, is discussed below. 

The Leak Has Stopped and Ongoing Sources, Including Free Product, Have Been Removed 
 
Hydrocarbon and HVOC sources are no longer present at the site, and all Chevron facilities were 
removed by 1987.  Approximately 43,000 cubic yards of soil have been removed to date from the site 
during various excavation activities effectively removing all residual source material from the site.  
Based on low and declining hydrocarbon and HVOC concentrations remaining in groundwater, 
excavation successfully remediated the site to the point that natural attenuation is sufficient to 
remediate residual aqueous-phase compounds.   

The Site Has Been Adequately Characterized 
 
Numerous soil borings have been advanced on-site to characterize soil, and excavation activities in 
1989, 1990, 1992, and 1999 have effectively removed all residual source material from the site.  
Nineteen monitoring wells have been installed to monitor groundwater in the vicinity of the site, and 
although the downgradient extent of the existing HVOC plume has not been delineated due to 
restricted access under buildings and in the railroad right-of-way, remaining dissolved hydrocarbon 
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and HVOC concentrations in groundwater along the southern extent of the monitoring well network 
are near or below applicable ESL concentrations (Table 5) and do not appear to pose a threat to 
downgradient receptors.      

The Dissolved Hydrocarbon Plume Is Not Migrating 
 
Concentration trends for the remaining constituents of concern at this site are declining, indicating the 
mass of the hydrocarbon and HVOC plumes is likely declining due to natural attenuation processes.  
From the groundwater fate and transport modeling performed and discussed above, the remaining 
dissolved plume will continue to decline in mass and should not adversely impact potential 
downgradient receptors.  The dissolved plumes are interpreted to continue to shrink and background 
conditions will be achieved within a reasonable period of time without posing any future threat.   

No Water Wells, Deeper Drinking Water Aquifers, Surface Water, or Other Sensitive 
Receptors are Likely to be Impacted 
 
Four monitoring wells were identified during the DWR well search at the Amtrak station located 
north of the site.  These wells, if still present, are up-gradient of the site.  The San Francisco Bay is 
approximately 2,000 feet to the west and is not at risk from site hydrocarbons and HVOCs because 
current concentrations are below their respective marine aquatic ESLs (Table 5), and groundwater 
fate and transport modeling indicates that the remaining dissolved plumes will not migrate to that 
extent.  Also, groundwater in the vicinity of the site is not a current source of drinking water as 
identified in the SWRCB Geotracker database.  Current dissolved HVOC concentrations 
downgradient of the site are below their respective indoor inhalation risk levels (Table 5), and to not 
appear to pose a threat to occupants of the buildings downgradient of the site. 

The Site Presents No Significant Risk to Human Health or the Environment 
 
The risk assessment completed by Geraghty and Miller, Inc., July 28, 1992, indicated based on the 
then current conditions, for all constituents of concern, soil and groundwater concentrations were all 
below health based target levels for commercial site use.  Subsequently, ESLs (Table 5) have been 
met for all constituents of concern. As confirmed by the ACHCSA in a letter dated April 2, 2002, 
because of previous removal of impacted soil and the presence of the residential/parking structure on-
site, compounds remaining in groundwater does not pose a risk to present and future on-site residents 
and site use.  Therefore, it is Cambria’s opinion that there is no risk to human health or the 
environment by conditions remaining at this site.   
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CONCLUSIONS AND RECOMMENDATIONS 

Based on our review of site conditions and the findings presented above, this site satisfies the criteria 
for a low-risk fuel case for closure.  On behalf of Chevron, Cambria requests case closure and no 
further action.   

 
 



 

 

FIGURES



 

 

Vicinity Map 

 



 

 

Plate 4 

 
 



 

 

Geologic Map  

 



 

 

East Bay Plain Cross Section 

 



 

 

San Francisco Bay Area Basin Map 



 

 

Site Plan 

 

 



 

 

Vicinity Map LUFT & SLIC Sites 

 

 

 



 

 

Cross Section A-A’ 

 

 

 



 

 

Cross Section B-B’ 

 



 

 

1989, 1990, and 1992 Excavation 

 

 



 

 

1999 Excavation 

 

 



 

 

Aerial Photo 

 

 



 

 

Site Conceptual Model 

 

 



 

 

TCE Isoconcentration Map 

 

 



 

 

Well MW-1 HVOC Concentrations 

 

 



 

 

Well MW-17 HVOC Trends 

 

 



 

 

Well MW-18 HVOC Trends 

 

 



 

 

Well MW-19 HVOC Trends 

 

 



 

 

Flow Model Domain 

 

 



 

 

Figure A 

 

 



 

 

Figure B 

 

 



 

 

Figure C 

 

 

 



 

 

Figure D 

 

 



 

 

TABLES



 

 

Area Well Survey 

 

 



 

 

Well MW-19A Environmental Screening Level Comparison 

 

 



 

 

ATTACHMENTS



  H
istorical Soil D

ata and M
aps 

 



  

  
 



 
 

 

 



  

 

 



 
 

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



  

 

 



  

 

 



  

 

 



 
 

 

 



 
 

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



 

 

Second Semi-Annual 2005 Groundwater Report 

  



 
 

 

  



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



  

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 

 

Geraghty & Miller Executive Summary 

 



 
 

 

  



 
 

 

 



 
 

 

 



 

 

Bulletin 118 – East Bay Plain Subbasin 

 



 
 

 

  



 
 

 

 



 
 

 

 



 
 

 

 



 

 

Boring Logs 

 



 
 

 

  



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 

 



 
 

 



 
 

 


