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Introduction 
Groundwater pumping in southern California was relatively limited before 1900. 
However, rapid development in groundwater use in the early 20th Century and a 
protracted period of below normal precipitation caused coastal groundwater levels 
to fall well below sea level. The low groundwater levels have induced serious 
impacts to water quality in the coastal basins by seawater encroachment and resulted 
in significant economic losses. The West Coast Basin (the Basin) of the Los Angeles 
Coastal Plain was one of 80 basins identified in the 1950s as being impacted by 
seawater intrusion. Groundwater levels were as low as 100 feet below sea level in 
some areas of the Basin, causing the natural seaward hydraulic gradient to reverse. 
Saline groundwater was first detected in coastal water supply wells in the 1920s.  By 
the mid-1940s, many production wells had been abandoned due to groundwater 
quality degradation. 

The Dominguez Gap Barrier 

The Dominguez Gap is the southern portion of the West Coast Basin.  Here, seawater 
in the shallow alluvial aquifers flows northward from the San Pedro Bay. The Los 
Angeles County Flood Control District (LACFCD) constructed the Dominguez Gap 
Barrier Project (the barrier) in the late 1960s to mitigate salt water intrusion and 
thereby protect the potable water supply in the basin by creating an artificial fresh-
water ridge. The barrier consists of a four-mile line of 30 injection wells from the base 
of the Palos Verdes Hills parallel to the San Pedro Bay (a west-east reach), turning 
north along the Dominguez Channel. The Los Angeles County Department of Public 
Works (LACDPW) has operated the barrier since 1985 under an agreement with the 
LACFCD.  The Water Replenishment District of Southern California (WRD) supplies 
imported water by the Metropolitan Water District (MWD) for injection. The annual 
average barrier injection rate has historically ranged between 4.8 cfs (in 1980-81) and 
13.2 cfs (in 1971-72). Despite 30 years of near-continuous operation, the barrier has 
not satisfactorily mitigated seawater intrusion. Several major studies have been 
performed to address this issue. This paper presents the results of a recent study 
conducted to evaluate potential barrier improvements and determine the feasibility 
of partially replacing the imported water with highly-treated municipal wastewater. 

Hydrostratigraphy 

The principal aquifers are within 1,500 feet of the land surface and consist of large, 
lenticular or ribbon-like masses of relatively uniform beds of unconsolidated to semi-
consolidated sand and gravel. These are marine and fluvial deposits of Recent to 
Pleistocene age. A large portion of the vertical profile is fine to very-fine sand, silt 
and clay, which separate the coarser grained beds or form facies with coarse grained 
lenses. All deposits are essentially flat-lying with minor faulting; gentle folding is 
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seen in the deeper (Lower Pleistocene) sediments.  Tertiary deposits consisting 
mainly of siltstones and clayey shales underlie the aquifers. The upper Miocene and 
lower Pliocene rocks (below 2,400 feet bgs) contain oil producing zones overlain by 
connate brine.  Only the Pleistocene and Recent sediments contain fresh water. As 
hydrostatic heads in the deep connate zones are higher than those in the shallow 
fresh water zones, the brines may migrate upwards through faults, coarser grained 
mergence zones or damaged oil wells. 

The fresh-water  aquifers are continuous in a southeast-northwest direction from 
beneath the San Pedro Bay inward into the West Coast Basin, and are laterally 
confined between the Palos Verdes Hills and the Newport-Inglewood  Uplift. Five 
basic aquifers with distinctive characteristics have been identified, and all but the 
most recent are continuous with the main aquifers as a whole within the area. These 
are (with increasing depth) the Gaspur, 200-foot Sand (or Gage), 400-foot Gravel (or 
Lynwood), and the Upper and Lower Silverado aquifers. Several significant 
mergence zones have been identified between the 200-foot Sand and 400-foot Gravel, 
and 400-foot Gravel and Upper Silverado aquifers (notably in the center of the study 
area) which have important impacts on water quality distribution. The barrier wells  
inject water into all except the Silverado aquifers. 

Local Hydrology 

Groundwater pumping rights within the Basin have been adjudicated since the early 
1960s, and annual groundwater extraction has been restricted to about 64,500 AFY.  
Before the judgement, Basin production was estimated to have exceeded 120,000 
AFY. Groundwater is currently extracted from about 80 production wells in the 
Basin. Recently, total annual groundwater pumping has ranged between 38,400 AFY 
(in 1993-94) and 62,700 AFY (1981-82) (mean pumping of 53,500 AFY). Since the 
1960s, water levels in the Basin have gradually increased in response to the reduced 
production and the agencies’ groundwater replenishment programs. Approximately 
90% of the groundwater in the Dominguez Gap area is extracted from the Silverado 
aquifers. Most production wells supply industrial users such as oil refineries. The 
Dominguez Water Company (DWC) is the only domestic supplier in the area. 

LACDPW has regularly collected groundwater level and quality (primarily chloride 
concentrations) data in many of the 232 observation wells in the area since the 1980’s. 
Despite the recovery in water levels, heads in the production aquifers remain more 
than 50 feet below sea level in the center of the Basin. Heads near the injection barrier 
in the shallow aquifers that are susceptible to intrusion have rarely been above 
theoretical protective levels of 5 to 10 feet above sea level.  

Large areas of elevated chloride concentrations (greater than 250 mg/L) continue to 
be observed in groundwater inland of the barrier in the shallower aquifers. The 
inland Silverado aquifer also contains large areas of poor quality groundwater. 
Chloride sources may include inland migration of seawater, downward migration 
from shallower aquifers through mergence zones, upward migration of connate 
brines or locally-discharged oil-field brine waste. 
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The Groundwater Model 

Groundwater flow in the Dominguez Gap area is complex and  highly dynamic as 
large pumping and injection flows are present in a heterogeneous, layered system. 
CDM constructed a fully three-dimensional, ten layer, finite-element groundwater 
flow and transport model using the codes DYNFLOW (flow model) and 
DYNTRACK (transport) to quantitatively assess alternatives for improving the 
barrier’s effectiveness for mitigating seawater intrusion. The groundwater flow 
model provided a numerical representation of the hydraulics governing flow of unit 
density fluid through porous media.  Flow (steady-state) calibration involved 
systematically adjusting the hydraulic properties and boundary conditions to 
replicate the potentiometric heads observed in the field for the recent average 
hydrologic year of 1991-92. DYNTRACK utilizes a particle tracking algorithm to 
simulate the flow of contaminants with pore velocities computed using the simulated 
flow field generated by DYNFLOW.  Chloride was treated as a conservative 
substance. Gradients caused by the increased density of highly saline waters were 
not simulated. 

Table 1 
Final Calibrated Material Hydraulic and Transport Properties 

 
Hydraulic Conductivity 

(ft/day) 
Dispersivity 

(ft) Model 
Layer 

Aquifer 
Material Horizontal Vertical Long Trans 

Effective 
Porosity 

(-) 
10 Aquitard/Semi-perched 1 0.1 30 3 0.0545 
9 Aquitard/Semi-perched 

Gaspur 
1 

200 
0.1 
2 

30 
30 

3 
3 

0.0545 
0.25 

8 Aquitard 1 0.1 30 3 0.0545 
7 200-ft Sand 

200-ft Sand (southwest) 
80 
50 

0.8 
1 

30 
30 

3 
3 

0.25 
0.25 

6 Aquitard 0.1 0.001 30 3 0.0545 
5 400-ft Gravel 

400-ft Gravel (south) 
125 
0.1 

1.25 
0.001 

30 
30 

3 
3 

0.3 
0.3 

4 Aquitard 0.01 0.0015 30 3 0.0545 
3 Upper Silverado 

Upper Silverado (south) 
75 
40 

1 
0.5 

30 
30 

3 
3 

0.3 
0.3 

2 Aquitard 0.05 0.001 30 3 0.0545 
1 Lower Silverado 

Lower Silverado (south) 
200 
1 

2 
0.1 

30 
30 

3 
3 

0.25 
0.0545 

Notes: Trans- transverse; Long – longitudinal 

Planned and Alternative Barrier Improvements 

The model simulated a baseline condition that consisted of the existing barrier wells 
injecting at an average combined rate of 10 cfs. This baseline was an assumed  
improvement on the recent barrier performance, which averaged about 8.4 cfs. Even 
so, the modeling results indicated that operating the barrier under the improved 
baseline condition would not provide a significantly higher level of protection 
against seawater intrusion.  Four scenarios were developed to improve the barrier’s 
effectiveness over the baseline condition: 
 
! Alternative 1 - Increased barrier capacity from 10 cfs to 17.5 cfs; 

! Alternative 2 - Combined barrier injection of 10 cfs and seaward extraction of 12.2 
cfs; 
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! Alternative 3 - Combined barrier injection of 10 cfs, seaward extraction of 10 cfs, 
and installation of an impermeable grout curtain; and 

! Alternative 4 - All-extraction of 15 cfs using existing barrier injection wells. 

Steady-state flow fields were generated using the model for each alternative. The  
existing chloride were tracked for 30 years under each flow field. The three criteria 
used to assess the effectiveness of each alternative after 30 years were: extent of the 
predicted chloride plumes; the chloride mass in a defined region inland of the 
barrier;  and the predicted chloride concentration at each of the existing production 
wells.  

Chloride plumes. Only subtle differences were predicted between the four alternatives 
and the baseline condition.  None of the alternatives showed a significant decrease in 
plume size and chloride concentrations. The major inland pumping depressions 
appeared to more strongly control the future chloride distributions than feasible 
improvements to shallow zone heads along the barrier or the creation of a seaward 
hydraulic trough.  Also, the inland front of the main chloride plume in the Silverado 
aquifers was predicted to migrate about the same distance northwest for the baseline 
and the four alternatives. 

Inland Chloride Mass. At 30years, the total inland chloride mass in the upper aquifers 
was predicted to decrease by 23%, 24%, 26% and 8% under Alternatives 1, 2, 3 and 4, 
respectively. However, the main chloride reduction was due to remediation at 
production wells, with less as losses across the exterior model boundaries and across 
the barrier.  The main chloride gains to the area in each aquifer were from inflow 
from the ocean.  

Production Well Concentrations.  Five production wells are currently known to or are 
interpreted as being impacted by chloride concentrations above 250 mg/L. Twenty-
four of the 29 active wells in the area pump either solely or partially from the 
Silverado aquifer.  The remaining five wells (which account for less than 10% of the 
total area production) pump from the 200-foot Sand and/or 400-foot Gravel aquifers. 
The model results indicated that an additional nine Silverado production wells will 
become impacted within 30 years for all four alternatives. The impacts result 
primarily from chlorides already present in the Silverado aquifers.  Four of the other 
wells will also become impacted in this time for all alternatives.  

Overall, none of the four barrier improvement alternatives were predicted to 
significantly improve water quality inland of the existing barrier in any of the 
aquifers.  Also, despite each alternative consisting of one or more of the traditional 
remediation approaches, the predicted responses were relatively similar for each 
case. Reduction in deep aquifer production in conjunction with improved barrier 
capacity and management would be expected to reduce inland saline water 
migration. This would require purveyors to be supplied with either more expensive 
imported water or locally-generated recycled wastewater.    

Use of Recycled Wastewater for the Barrier 

The groundwater model was also used to evaluate WRD’s proposal to replace a 
portion of the currently imported barrier injection water with recycled water 
generated locally by the City of Los Angeles. Health regulations for the project are 
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administered by the Department of Health Services (DHS), and require the recharge 
water to remain in the subsurface for  at least one year and to constitute no more 
than 50% of the groundwater extracted at a domestic supply well. 

The transport model was used to assess recycled water travel times and dilution 
trends for a series of injection alternatives. The recommended alternative that met the  
DHS’ criteria will involve using the western barrier wells only for recycled water and 
continuing to use the eastern wells for imported water injection for the first few years 
of operation. Thereafter, the two water types will be blended in the well header 
pipeline just before injection. The significant piezometric depression located in the 
center of the area was found to prevent sufficient inland water from recharging the 
coastal zone to allow a higher fraction of recycled water to be used. 

 

List of Abbreviations: 

bgs – below ground surface; cfs – cubic feet per second; mg/L – milligrams per liter; 
msl – mean sea level 
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