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1.0 Introduction 

This Data Gap Analysis has been prepared on behalf of the East County Water Management 
Association (ECWMA) as part of a regional effort to manage and protect groundwater resources 
within the eastern portion of Contra Costa County. This document is intended to provide an 
update to the 1999 Investigation of Groundwater Resources in the East Contra Costa County 
Area report prepared by Luhdorff and Scalmanini, Consulting Engineers (LSCE) and identify 
data gaps that will need to be filled in order to determine the safe yield of the portion of the 
Tracy Subbasin (one of sixteen subbasins in the San Joaquin Valley Groundwater Basin) used for 
groundwater extraction by ECWMA members. A safe yield determination is considered essential 
to optimizing use and protection of groundwater resources in the region. 

1.1. Background 

The ECWMA was formed in 1995 to identify and evaluate potential water management 
strategies to meet future water needs in the eastern Contra Costa County area. The member 
agencies include: City of Antioch, City of Brentwood, City of Pittsburg, Byron-Bethany 
Irrigation District, Town of Discovery Bay, Contra Costa County Water Agency (CCCWA), 
Contra Costa Water District (CCWD), Delta Diablo Sanitation District (DDSD), Diablo Water 
District (DWD), East Contra Costa Irrigation District (ECCID), and Ironhouse Sanitary District. 
The ECWMA has been involved in the preparation and implementation of a water management 
plan for eastern Contra Costa County (CH2M Hill, 1996) and development of a Functionally 
Equivalent Integrated Regional Water Management Plan (FEIRWMP) (RMC, 2005). This Data 
Gap Analysis is part of a larger effort by the ECWMA to prepare an updated Integrated Regional 
Water Management Plan (IRWMP) for the area, to be completed in 2013. 

Though the primary source of drinking water for the area is surface water obtained by CCWD 
from the Central Valley Project (CVP), a number of ECWMA member agencies have sought to 
use groundwater as part of a conjunctive management strategy. This strategy is aimed at meeting 
growing water demand, maximizing efficiency, and increasing water supply reliability. Efforts to 
investigate the availability of groundwater in the eastern county area have included a detailed 
investigation of groundwater resources (LSCE, 1999), preparation of a Groundwater 
Management Plan (GWMP) by DWD in 2007 (LSCE, 2007), ongoing groundwater monitoring 
throughout the GWMP area, and periodic groundwater conditions reporting. Determination of 
the safe yield of the study area is considered a vital next step in informing groundwater 
management in an effort to protect this resource. 

1.2. Study Area 

The study area, shown in , overlies the northwestern portion of the Tracy Subbasin 
(groundwater basin/subbasin 5-22.15), one of the 16 subbasins in the San Joaquin Valley 
Groundwater Basin, as designated by California Department of Water Resources (DWR) 
Bulletin 118 (DWR, 2004). The study area boundaries are defined by the Sacramento-San 
Joaquin Delta (Delta) on the north and east; the contact between unconsolidated sedimentary 
deposits and the rocks of the Diablo Range on the west; and the Clifton Court Forebay on the 
south. The study area includes the cities of Antioch, Oakley, and Brentwood, as well as the 
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towns of Byron and Discovery Bay. Oakley, Brentwood, and Discovery Bay are the primary 
groundwater pumpers in the area. 

1.3. What Is Safe Yield? 

Safe yield is the maximum quantity of water that can be withdrawn annually from a groundwater 
supply under a given set of cultural and water management conditions without causing an 
undesirable result (Todd, 1959). “Undesirable result” here means a gradual lowering of 
groundwater levels resulting, eventually, in depletion of the supply. “Undesirable result” may 
also mean a chronic depletion of groundwater storage, inducement of seawater intrusion, or other 
degraded water quality, or inelastic land subsidence (Todd, 1980; GRA, 2003). 

1.4. Report Organization 

This report is organized to: (1) summarize key findings of the 1999 groundwater resources 
investigation, (2) present an update to groundwater conditions and data since the 1999 report, (3) 
present a methodology and associated data gaps for the determination of safe yield within the 
study area, and (4) provide recommended actions to resolve any remaining data gaps.  
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2.0 Summary of 1999 Groundwater Resources Investigation 

An investigation was authorized by five eastern county public agencies in August 1998 to 
develop a greater understanding about groundwater resources in a portion of eastern Contra 
Costa County. The participating agencies were the CCCWA, Contra Costa Sanitation District 
No. 19 (now Town of Discovery Bay Community Services District (TDBCSD)), the City of 
Brentwood, DWD, and the ECCID, covering the same study area as defined for this report 
( ). The investigation focused on gathering existing information and organizing it in a 
manner in which it could be interpreted and analyzed to answer basic questions concerning 
groundwater resources. The results of this investigation are documented in Investigation of 
Ground-Water Resources in the East Contra Costa Area (LSCE, 1999). In addition to the 
discussion of results, the final work product includes eight geologic cross sections depicting the 
distribution of aquifer units throughout the study area, hydrographs showing fluctuations of 
groundwater levels over time, water level contour maps, and various graphs and maps of water 
quality constituents. Key figures and graphs from the 1999 report are included in  of 
this report. 

2.1. Scope 

The scope of the investigation was posed as a set of questions: 

What is the areal extent of the groundwater system in the study area?  

How is the aquifer system vertically divided and distributed? 

Is the groundwater system in the study area hydraulically connected to that in Discovery 
Bay to the east and Oakley to the north? 

What are the characteristics of the groundwater system in terms of quantity and quality of 
water?

How is groundwater recharged? How does the groundwater discharge, or flow out of the 
area?

Is the groundwater system overdrafted? 

Can more groundwater be developed? How much? Where? 

These questions represent significant issues facing public agencies throughout California with 
respect to managing existing resources and planning for future needs. Though groundwater had 
been used for various purposes for decades in the eastern Contra Costa County study area, no 
previous investigations had documented even a conceptual response to the question concerning 
basin overdraft. Also, no basis for determining or predicting how increases in groundwater 
pumping could affect the basin in the future had been determined. The purpose of the 
investigation was to answer the above questions to the greatest extent possible using available 
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groundwater data and set the framework for ongoing investigation and groundwater 
management.  

2.2. Methods 

The methods used in the investigation relied on interpreting existing information and data. This 
included material provided by various water entities within the study area, other information 
found through literature searches, and data obtained through the DWR and Division of Oil, Gas, 
and Geothermal Resources (DOGGR). The information sought for the investigation included any 
information related to groundwater and consisted primarily of well data contained in drillers’ 
reports, i.e., descriptions of aquifer materials encountered while drilling wells. Other useful data 
included measurements of groundwater levels over time, results of groundwater quality tests, and 
well yields or pumping capacities. Where available, geophysical logs were used to correlate units 
between wells.

Multiple tools were used to depict groundwater conditions in the study area and included 
geologic cross sections, water level hydrographs, water level contour maps, depth-to-water 
contour maps, and water quality maps and graphs. Key examples of graphs and maps used to 
depict groundwater conditions are included in  of this report. 

2.3. Summary of Findings 

The significant findings of the 1999 investigation include: 

There are four groundwater regions within the study area that are distinguished by the 
manner in which aquifer materials were distributed and deposited. 

Groundwater conditions in the western part of the study area (the vicinity of Brentwood) 
are distinct from the eastern region (the vicinity of Discovery Bay as well as northward to 
Oakley) as a result of depositional history. 

For most of the study area, the extent of aquifer materials capable of yielding quantities 
of water suitable for municipal and/or agricultural purposes is to depths of 400 feet. In 
many areas shallow aquifer units (< 200 feet bgs) are brackish or saline. 

There is no apparent overdraft of the main groundwater system, suggesting that historical 
extraction patterns have not exceeded the safe yield of the area with respect to 
groundwater levels and storage. 

There have been no significant changes in the direction and rate of movement of shallow 
groundwater within the study area since the late 1950s. 

Data was found to be limiting for the purposes of defining patterns and factors 
influencing groundwater quality. However, total dissolved solids (TDS) and nitrate (NO3)
concentrations were found to be significant water quality factors throughout much of the 
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study area. Discovery Bay is notable for relatively better water quality in terms of lower 
TDS and very low nitrate concentrations. 

2.4. Recommendations 

Initial efforts to collect and organize information resulted in the development of a large database 
of well drillers’ reports and groundwater levels, which formed the basis for addressing the 
investigation objectives. Groundwater quality data was the most lacking of the primary 
categories of information sought out for the study. As a result, some firm conclusions could be 
drawn with respect to the occurrence and distribution of aquifer materials, as well as historical 
groundwater conditions, but with limited conclusions regarding groundwater quality. Limitations 
in the number and distribution of downhole geophysical logs, which provide precise delineation 
of lithologies, were also found to be lacking. For this reason, efforts to correlate aquifer units 
across depositional boundaries and define the hydraulic connectivity between different portions 
of the study were limited. Also, the available data did not permit quantification of how much 
additional groundwater might be pumped without impacting the sustainable yield of the basin.

Having collected, organized, and interpreted available information and data for the study area, 
the institution of a cooperative groundwater monitoring program was recommended to more 
fully define groundwater conditions and identify potential downward trends in water levels or 
shifts in flow directions related to an incremental increase in groundwater pumping. The 
recommended groundwater monitoring program would consist of the following: 

Identification of key wells for water level monitoring and water quality testing 

Regularly updating hydrographs for key wells 

Regularly updating water level contour maps 

Monitoring of any significant increases in groundwater pumping to determine if safe 
yield is exceeded 

Production of an annual report that incorporates updated hydrographs, contour maps, and 
water quality test results, and highlights any significant changes in groundwater use 
patterns 

In conjunction with the above-recommended groundwater monitoring program, it was 
recommended that geologic cross sections be updated as additional lithologic information, 
especially in the form of geophysical logs, becomes available. The above-recommended 
groundwater monitoring program was formally implemented as part of the DWD GWMP 
(LSCE, 2007). The 1999 cross sections have not been formally updated since the time of the 
report.  provides a summary of specific findings and recommendations related to each 
of the questions posed in the investigation scope. 



What is the vertical and horizontal 
extent/character of the aquifer system 
within the study area? 

-Four depositional environments identified ( )
  a. Alluvial plain (greater Brentwood area)
  b. Fluvial plain (area around DB)
  c. Delta Islands
  d. Marginal Delta Dunes (Oakley and Vicinity)
-Primary aquifer units within upper 400 ft of sed.

-Limited well control in Antioch, western Oakley, 
and Byron areas.
-limited well control between 500 and 800 ft. (bgs)
  a. base of fresh water likely within this interval
-Additional geophysical logs for unit correlations

How are different portions of the study 
area hydraulically connected?

Groundwater conditions in the western portion of the 
study area (Brentwood) are distinct from the eastern 
portion as a result of depositional history.

Well control is sparse in the transition zones 
between different depositional environments within 
the study area. Additional groundwater 
level/quality and lithologic data will be needed to 
more completely define hydraulic connectivity 
within the study area.

What is the quantity and quality of 
groundwater in the study area?

Groundwater quantity for the study area was not 
estimated. TDS, nitrate, iron, and manganese are the 
primary water quality limiting factors within the study 
area. Discovery Bay water quality is notable for having 
lower TDS and nitrate concentrations when compared to 
the rest of the study area. 

Additional water level and lithologic data will be 
needed to delineate/correlate aquifer units for 
groundwater quantity estimations. Water quality 
constituent concentrations are highly variable and 
of an insuffient temporal and spatial coverage to 
determine additional water quality trends. 
Additional monitoring is required, especially away 
from the municipal pumping centers in Oakley, 
Brentwood, and Discovery Bay.

What is the nature of groundwater 
movement through the aquifer system 
(i.e, recharge, inflow, gradients, and 
outflow)

-No significant changes in the direction or rate of 
groundwater flow has occured within the study area 
since the 1950s
-Alluvial Plain and Marginal Dune: groundwater flows 
north and east from the Diablo Range toward the Delta. 
No extensive cofining unit has been identified.
-Fluvial Plain Region: groundwater generally flows east 
to northeast toward the San Joaquin River. Deeper 
aquifer units are confined.
-Delta Islands: flow from the western portion of the 
study area combines with recharge from the Delta/San 
Joaquin River. Appears to be semi-confined to 
unconfined.

Additional water level data, especially in the 
southern, south-central, and northeastern portions 
of the study area will be necessary to better 
determine the nature of groundwater flow in the 
various aquifer units and between portions of the 
study area. The nature of groundwater/surface 
water interactions related to the Delta and San 
Joaquin River is not well defined.

Is the aquifer system in a state of 
overdraft?

Based on available groundwater level data (as of 1999) 
the aquifer system does not appear to be in a state of 
overdraft.

Groundwaer gradients near Brentwood flattened 
during study period. Additional groundwater level 
data in the Brentwood area is needed to define the 
state of overdraft locally. Otherwise this conclusion 
appears to be conclusive.

Could more groundwater be produced 
without inducing overdraft? How much? 
Where?

Expansion of groundwater utilization appears to be 
reasonable.

Will need to monitor groundwater levels regularly 
to evaluate the impact of increased production. It is 
recommended that monitoring data be shared 
between entities and included in a periodic 
monitoring report.

Table 2-1. Summary of 1999 Groundwater Investigation (LSCE) Findings
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3.0 Updated Groundwater Conditions 

Since the 1999 groundwater resources investigation, groundwater management and use within 
the study area has increased, producing significantly more groundwater related data than was 
available at the time of the last report. Groundwater related activities have included groundwater 
exploration (including the construction of numerous test holes and monitoring wells), 
construction and development of eleven new production wells, establishment of a cooperative 
groundwater monitoring program for the study area, development of a GWMP, and ongoing 
groundwater monitoring/reporting. A brief summary of changes related to groundwater use and 
management within the study area, followed by an updated discussion of groundwater conditions 
is provided in the following sections. 

3.1. Summary of Changes in Groundwater Use and Management 

Diablo Water District 

DWD has been involved in a number of groundwater related activities since the preparation of 
the 1999 Groundwater Resources Investigation. These activities include: 

Development of a GWMP for the study area (LSCE, 2007) 

Establishment of a cooperative groundwater monitoring program, which includes data 
from DWD, ECCID, City of Brentwood, and the Town of Discovery Bay 

Preparation of a groundwater conditions report (LSCE, 2011) providing updated 
hydrographs, contour maps, water quality sampling results, subsidence data, and updated 
groundwater production information 

Construction and operation of facilities that use both surface water and groundwater in a 
conjunctive manner 

Construction and development of six new supply wells (Glen Park, Stonecreek, South 
Park, North, and the East and West wells at Rock Island Marina) and 21 monitoring 
wells [Glen Park monitoring wells (3), Creekside monitoring wells (1), Stonecreek 
monitoring wells (3), South Park monitoring wells (3), North monitoring wells (3), 
Dutch Slough monitoring wells (6), Rock Island monitoring wells (2)] providing new 
geologic and groundwater data.

Much of the data collected as part of these efforts are presented in the following sections 
outlining updated groundwater conditions for the study area. 

City of Brentwood 

Since the 1999 groundwater resources investigation, the population of the City of Brentwood 
more than doubled, posting double-digit growth rates for many years from 2000 to 2008 before 
flattening in 2009 due to changes in the U.S. economy and real estate market (ICF, 2011). Much 
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of the increased water demand resulting from this population growth has been met with water 
purchased from ECCID (44.4 percent of Brentwood’s total water supply in 2010) as part of a 
1999 agreement between ECCID and the city. This water is treated at the City of Brentwood 
Water Treatment Plant (COBWTP) constructed in 2008. Since 2006, Brentwood has reduced the 
volume of groundwater it pumps from 1,886 million gallons (MG) (5,788 acre-feet) to 1,152 MG 
(3,535 acre-feet) in 2010. This corresponds to a 19 percent reduction (from 48 percent in 2006 to 
29 percent in 2010) in the total percentage of water demand met with groundwater (ICF, 2011).  

Before the reduction in groundwater pumping, the City constructed eight test holes 
(Sellers/Balfour, Carnegie/Hudson, Lone Tree Way/HWY 4, Chestnut/Garin Parkway, O’Harra, 
Lone Oak, Sunset THs 1 & 2), three monitoring wells (nested monitoring wells at the Well 14 
site) and two new supply wells (Wells 14 and 15). The new information collected as part of these 
efforts (geophysical logs and lithologic descriptions), represents a significant increase in the 
amount of geologic data available for the area.  

In addition to collecting groundwater levels in each of its supply wells, the City monitored static 
water levels in the multi-completion monitoring well located at the Well 14 site. The data 
collected from this site is shared with the other entities in the study area. The City also monitors 
groundwater quality in each of its wells in accordance with California Department of Public 
Health (CDPH) regulations. 

Town of Discovery Bay 

TDBSCD was formed in July 1998 with the responsibility of providing water and wastewater 
services to the Town of Discovery Bay. Since that time, TDBSCD has constructed one new 
supply well (Well 6), a multi-completion monitoring well at the Well 6 site, and has plans to 
construct an additional supply well, and accompanying test hole/monitoring well, in the near 
future. TDBCSD collects both static and pumping groundwater levels as part of its normal 
operations and continues to sample groundwater quality in its supply wells in accordance with 
CDPH regulations. TDBCSD updated its water system master plan in 2012 in which it identified 
several capital improvement program (CIP) items to expand monitoring and data collection 
(LSCE, 2012a). 

East Contra Costa Irrigation District 

ECCID’s groundwater related activities since the 1999 groundwater investigation include 
construction of two new supply wells along its Main Canal (south of Balfour Road) and ongoing 
monitoring of groundwater levels in an extensive network of shallow (less than 30 feet deep) 
monitoring wells and two abandoned supply wells (Wells 4 and 11). These data are shared with 
the other entities in the study area. 

New Contra Costa Water District Intake 

CCWD dedicated its Middle River Intake and Pump Station (previously known as the 
Alternative Intake Project) July 20, 2010, with operation beginning shortly thereafter. The new 
intake structure is designed to help protect CCWD’s customers from seasonal fluctuations and 
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long-term degradation of water quality in the Delta while protecting Delta fish populations. The 
higher quality of water served to CCWD’s customers, which include DWD and the City of 
Brentwood, should improve the quality of water served and could potentially increase the quality 
of wastewater discharged. Groundwater quality data collected after the summer of 2010 should 
be evaluated to determine if any change in groundwater quality related to the new intake is 
observed. 

3.2. Groundwater Levels 

Groundwater level data and representative hydrographs are compiled in 
is a location map showing all non-domestic wells for which groundwater level data are collected. 

shows all wells from which groundwater levels are measured, including DWD’s 
network of domestic wells. 

DWD has taken a lead role in groundwater monitoring and reporting for the area as part of the 
District’s GWMP and participation in DWR’s California Statewide Groundwater Elevation 
Monitoring (CASGEM) Program. Reporting of groundwater data includes regularly producing a 
monitoring report (LSCE, 2011), publication of select water level data to a CASGEM site for 
public distribution and use, and State/County-mandated reporting for operation of municipal 
supply wells. All data are collected and reported as part of a collaborative process with ECWMA 
members and other stakeholders within the study area to maximize completeness and avoid 
redundancies.

The primary focus of DWD’s groundwater monitoring program is on groundwater levels in the 
vicinity of its supply wells at the Glen Park and Stonecreek sites. Manual water level 
measurements are made monthly in monitoring network wells that include dedicated monitoring 
wells constructed by DWD and private domestic wells. DWD wells include monitoring wells at 
the Glen Park, Stonecreek, and Creekside sites, and the Glen Park, South Park, and Knightsen 
supply wells. Additional water level data are collected by the City of Brentwood (monitoring 
wells at Well 14 site), Town of Discovery Bay (Production Wells 1B, 2, 4A, 5A, and 6 and 
monitoring wells at the Well 1B, 4A, 6 sites), and ECCID (Well #11 and Well #4, as well as 
shallow monitoring wells 5-22, 5-33, 5-35, 5-36, 5-37, 5-39). Wells less than 200 feet deep are 
generally considered to be completed in the shallow unconfined to semiconfined aquifer system 
(LSCE, 2007). The deeper aquifer units, which are targeted in regional large-capacity supply 
wells, are generally located between 200 and 400 feet bgs. Groundwater level trends are briefly 
summarized below for the shallow and deep aquifers. A more complete description of 
groundwater conditions can be found in the DWD’s most recent Groundwater Monitoring Report 
(LSCE, 2011). 

3.2.1. Shallow Aquifer 

Monitoring of shallow groundwater levels within the study area consists of measurements in a 
number of domestic wells located in the vicinity of the Glen Park and Stonecreek production 
wells. These wells are monitored primarily to evaluate potential impacts from the DWD’s 
production wells on nearby domestic wells.  
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