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ABSTRACT 
Water-level and water-quality data from multiple-depth monitoring-well sites, installed along the San 
Diego Bay, California, USA, indicate that fresh groundwater is moving through a sedimentary 
aquifer beneath the continental shelf, back toward production wells near the coastline. Each of these 
12 well sites includes 4-6 separate piezometers, ranging in depth from 20 to 500 meters. Water-
quality data from these piezometers show that part of the sedimentary aquifer is composed of a 
shallow highly saline zone about 60 meters thick, which is underlain by a freshwater zone about 200 
meters thick, which is underlain by dilute seawater to a depth of more than 500 meters. Isotopic 
analyses indicate that the fresh groundwater was recharged during the last glacial period, likely 
filling the dewatered coastal sediment with relatively fresh groundwater, and then being over-topped 
by rising seawater. Additional lithologic and paleontological data, collected during installation of 
the well sites, were used to develop a three-dimensional geologic framework model of the coastal 
area. Ongoing work involves incorporating the geologic model and geochemical data in a density-
dependent cross-sectional flow model to test concepts of groundwater flow, from the continent to the 
ocean, and then back onto the continent. 

INTRODUCTION 
The coastal area of San Diego, California, USA, has modest rainfall, runoff, and recharge. 
The Mediterranean climate provides an idyllic setting for residents and visitors, but water 
managers are challenged by the scant local water supplies and increasing population (fig. 1).  
Like other coastal areas throughout the world where the presence of saline groundwater 
reduces the supply of drinking water, future development of the local groundwater resources 
in the San Diego area of southern California is limited by the presence of saline-to-brackish 
groundwater in some parts of the coastal aquifer. 

 
Figure 1. Study area of coastal San Diego County, California, USA.  
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METHODS 
Local water agencies and the United States Geological Survey (USGS) are using a 
combination of techniques to provide the necessary understanding of the geology, 
geochemistry, and hydrology to develop the scant fresh, and much more abundant brackish, 
groundwater resources in the coastal San Diego area. The techniques include installation of 
twelve 500-meter-deep, multiple-depth, monitoring-well sites, each with 4 to 6 piezometers 
equipped with pressure-recording transducers (fig. 1). During installation of the well sites, 
drill cuttings were collected and analyzed for color, grain-size, provenance, and 
paleontological indicators of age and depositional environment. Geophysical logs were 
obtained to identify formations and depths of saline water. These data were combined to 
create a three-dimensional geologic framework model (Danskin 2012; fig. 2).  
 

 
Figure 2. Section A-A’ showing geologic formations and geochemical groups.  
 
Water-quality samples collected from the depth-dependent piezometers were analyzed for a 
variety of chemical constituents including major and minor ions, trace elements, stable 
isotopes of hydrogen, oxygen, and strontium, and radioactive isotopes of tritium and carbon 
(Anders et al. 2013).  
 
A suite of numerical models were used to integrate data and to test ideas about the geologic 
structure, arrangement of formations, location and quantity of recharge, quantity and 
flowpaths of groundwater, interaction of surface water and groundwater, configuration of 
fresh and saline water, and possible areas to extract additional fresh or brackish groundwater. 
These numerical models include a regional water-budget model using the BCM method 
(Flint et al. 2012), a regional groundwater flow model using the USGS MODFLOW code, 
and a coastal density-dependent groundwater flow model using the USGS SUTRA code.  

RESULTS 
Water-quality data collected from the twelve multiple-depth monitoring-well sites (fig. 1) 
indicate that most groundwater along the San Diego coast is brackish, with dissolved-solids 
concentrations ranging from 1,200 to 2,000 milligrams per liter (mg/L). Some coastal 
groundwater, however, has dissolved-solids concentrations as low as 700 mg/L. Indeed, 
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production wells near monitoring-well site SDEP have been producing fresh groundwater for 
more than 60 years.  

 
The northwest-to-southeast trending section A-A’ (fig. 1) shows the spatial distribution of 
three geochemical groups representing groundwater recharged near the coast, groundwater 
recharged further east in the mountains, and groundwater intruded with seawater (fig. 2). 
Ongoing work involves comparing the geologic framework model with the geochemical 
groups in order to distinguish different groundwater flowpaths.  
 
Depth-dependent water-quality data collected from well site SDNB identifies three zones: a 
shallow highly saline zone about 60 meters thick, underlain by a freshwater zone about 200 
meters thick, underlain by dilute seawater to a depth of more than 500 meters (Cronquist et 
al. 2011; fig. 2). Understanding how these vertical zones were formed is an important part of 
being able to manage coastal groundwater, including continued freshwater pumpage near 
well site SDEP and increased brackish pumpage for a desalination plant located near well 
site SDSW (fig. 1).  
 
Density-dependent groundwater flow along the northeast-to-southwest trending section B’-
B’’ (fig. 1) was simulated using a cross-sectional SUTRA model (fig. 3). The initial 
simulations of the freshwater/seawater interface seemed plausible and matched the salinity 
data at well sites SDEP and SDNB. But the shallow saline zone (fig. 2) could not be 
generated even with a wide range of hydraulic characteristics. For these simulations, all 
boundary conditions for the model were fixed at present elevations and concentrations. 
 

 
Figure 3. Section B’-B’’ showing initial results of density-dependent model simulations.  

DISCUSSION 
Based on these data and simulations, the conceptual model of the San Diego coastal aquifer 
was revised to include the transient behavior of the ocean, in particular: (1) during the last 
glacial maximum about 20,000 years before present (ybp), sea level declined about 130 m; 
(2) the upper 100+ m of coastal sediment was drained of saline water and re-filled with fresh 
water; (3) the sea level rose to overtop the fresh groundwater, thereby creating the observed 
three-layer zone of saline, fresh, and saline groundwater found at well site SDNB. The 
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SUTRA model of section B-B’’ is being used to test this conceptualization by including a 
variable pressure boundary condition along the seawater edge. 

 
The revised conceptual model seems plausible, matches conditions found at well site SDNB 
(figs. 2 and 4), and is similar to other coastal parts of the world (Post et al. 2013). It is not 
understood, however, why other coastal well sites in San Diego do not demonstrate such a 
clear three-zone system. Possibly, the incised river drainages near these well sites contribute 
to greater mixing of groundwater when the sea rises. Historical pumping also may have 
affected present conditions. Well site SDBW has a middle zone with older water (20,000 
ybp) than above or below (fig. 2), which may suggest piston flow of groundwater off the 
coast, then back onto the continent, prompted by the substantial groundwater pumping that 
occurred in the Tijuana River Valley between 1945 and 1970. 
 
Future work includes additional simulations of fresh and saline water in order to test these 
hypotheses. To provide data for the simulations, fresh groundwater under San Diego Bay is 
being mapped via salinity, temperature, and electromagnetic techniques. 
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