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ABSTRACT 
 

The coastal aquifers of the Central and West Coast groundwater basins in Los 
Angeles County are protected against seawater intrusion by 230 injection wells, 758 
observation wells, and 4 extraction wells in the Alamitos Gap, Dominguez Gap, and a 
9-1/2 mile (15.3 km) reach from the Los Angeles Airport to the Palos Verdes Hills.  
The wells inject highly treated water into the Quaternary alluvial and marine aquifer 
systems to depths from 150 feet (46 m) to 700 feet (213 m).   
 

In water year 1998/99, a total of 25,591 acre-feet (3.2 x 107 m3) of water was 
injected at a cost of nearly $13,500,000.  Injection water costs have increased 2,445% 
since 1960, from $20.75/acre-foot to a maximum of $528/acre-foot.  This cost is 
ultimately paid by the 4.3 million residents and businesses overlying the basins and 
could nearly double over the next 5 years as barrier improvements are made.  
 

To address the high cost of injection water, the Water Replenishment District 
of Southern California, Los Angeles County Department of Public Works, and the 
United States Department of the Interior – Bureau of Reclamation, commissioned a 
feasibility study to find viable alternatives to injection wells.  The study was 
conducted by the Santa Ana Office (California) of  URS Greiner Woodward Clyde 
(John Barneich, Senior Principal). 
 

Ten alternative seawater barrier types were identified, including slurry walls, 
deep soil mixing, channel lining, rubber dams, grout curtains, jet grouting, nitrogen 
gas injection, water extraction, biological barrier walls, and insitu vitrofication.  These 
alternatives were subjected to a thorough economic and technical decision making 
process to derive a recommended technology for each of six identified barrier 
improvement areas.  New barrier alternatives were recommended as the primary 
option over traditional injection wells at four of the six improvement areas.  Pilot 
testing of the nitrogen gas injection alternative is currently underway. 
 

The economic and technical decision making process used for ranking of 
alternatives is commonly called decision analysis.  It is a formal method to make 
decisions for problems characterized by multiple and often conflicting objectives, 
many stakeholders, and uncertainties in assessing the impacts of alternatives.  The 
method divides the overall problem into smaller components, each of which can be 
analyzed more effectively, and then integrates the results of each component using the 
principals of rational behavior.  In practice the steps are iterative.  That is, an earlier 
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step may need to be reviewed and revised in light of the assessments made in a 
subsequent step.  The steps are summarized below. 
 

Step 1.  Identify alternatives.  Each identified seawater barrier alternative is 
defined in sufficient detail to allow the assessment of its impact on the objectives of 
interest.  The details should include such items as areal boundaries; frequency and 
duration of application; and technology , equipment, and procedures to be used.  For 
comparison, the existing water injection barrier is included in the evaluated 
alternatives. 
 

Step 2.  Define goals and measures.  Goals are defined (what are we trying to 
achieve) and one or more measures (how well is the goal achieved) are defined for 
each goal.  Goals for an alternative seawater barrier include: maximize system 
reliability, reduce implementation time, minimize environmental impact, and 
minimize cost.  Examples of measures for the maximize system reliability goal are: 
years of experience with a given technology, sensitivity of system performance to 
subsurface conditions, system efficiency and effectiveness as a seawater intrusion 
barrier, and ability of the system to withstand natural hazards (such as earthquakes). 
 

Step 3.  Assess preferences.  The goal of this step is to assess the preferences 
of decision- makers regarding the selected goals and measures.  The preferences are 
used to define a value that provides the means to assess the overall value of an 
alternative taking into account the impact of the alternative on the selected measures. 
 

The preferences are assessed in two parts.  First, preferences are assessed for 
each measure.  These preferences define individual value functions that are used to 
convert the levels of individual measures into common value units.  Second, value 
tradeoffs are assessed between conflicting measures.  The value tradeoffs define the 
relative weights of different measures that are used to combine the individual value of 
all measures into an overall value. 
 

Preferences are value judgments that vary from one person to another.  
Decision analysis provides a structure for assessing these value judgments through 
structured interviews with a representative group of decision makes and their 
delegates.  An explicit statement of subjective value judgments made by individuals 
provides a better understanding of individual perspectives.  This process helps to 
define common ground, identify differences of opinion, and develop a reasonable 
consensus relative to key value judgments. 
 

Step 4.  Estimate the impacts of alternatives.  The goal of this step is to 
estimate the impacts of each alternative in terms of the selected measures.  The results 
are summarized in an impact matrix in which rows represent alternatives and columns 
represent measures.  Each cell in the matrix is an impact estimate of a given 
alternative on a specified measure.  If the impact on a given measure is highly 
uncertain, it can be analyzed by defining a range of possible impact and assessing the 
probabilities of impact within this range. 
 

Step 5.  Evaluate and rank alternatives.  This step integrates the information 
from the previous steps and an overall value is computed for each alternative.  The 
alternatives are then ranked in descending order of overall value. 
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Sensitivity evaluation of the ranking to the various assumptions and value 

judgments is an important part of decision analysis.  As an example, the acceptable 
value tradeoffs between conflicting measures may vary among stakeholders.  The 
degree of acceptability of various alternatives among stakeholders can be evaluated 
by examining the influence of the different value tradeoffs on the overall value of 
each alternative.  Sensitivity analysis results assist in identifying one or more 
alternatives that are consistently ranked high under a variety of reasonable value 
judgements, and are therefore likely to be widely accepted. 
 

The decision analysis rated several alternative seawater barrier types higher 
than the existing water injection at several specific locations.  The analysis suggested 
a passive deep soil mixed (DSM) wall at the west end of the Dominguez Gap Barrier 
and at an alternate location to the Alamitos Barrier where the aquifer becomes 
shallower.  The existing water injection barrier was the preferred barrier type at the 
north end of the West Coast Basin Barrier.  An air/nitrogen injection barrier, 
contingent on the success of a pilot field test, was the preferred barrier at the deeper 
south end of the West Coast Basin Barrier. 
 

A project to field test air/nitrogen injection is currently underway (December 
2000).  An existing water injection well has been selected for the test and 
instrumentation of observation wells has begun.  The nitrogen injection test would be 
best after the winter rainy season begins because any gas leaking from wet ground is 
easier to detect. 
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