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ABSTRACT 
 

The Groundwater Replenishment System Project 
Located in the arid climate of southern California, Orange County receives an average 
annual rainfall of about 14 inches, yet sustains a population of approximately 2.5 
million people. This is in part due to the innovative management of the groundwater 
basin by the Orange County Water District (OCWD).  The groundwater basin 
supplies about 75% of the local total water demand, and the remaining 25% comes 
from imported water sources.  With increasing water demand, higher imported water 
costs and evidence of ongoing saltwater intrusion, OCWD and the Orange County 
Sanitation District (OCSD) have co-sponsored the proposed Groundwater 
Replenishment (GWR) System project which will use purified wastewater to recharge 
the groundwater basin and to mitigate the saltwater intrusion. The major project 
facilities will be the advanced water treatment and pumping facilities, an expanded 
saltwater intrusion barrier and water conveyance pipelines.  The estimated capital cost 
for the first phase of the project is $352 million. 

OCWD manages the Orange County groundwater basin, whereas OCSD operates and 
manages the north central Orange County sewer system and two wastewater treatment 
plants.  Currently secondary-treated effluent from OCSD is discharged to the ocean 
via an ocean outfall pipeline that extends three miles out along the sea floor.  
Approximately 5-15 MGD of this secondary-treated effluent is currently piped to the 
adjacent OCWD Water Factory 21 (WF21) facility where the water undergoes 
chemical clarification, granular activated carbon (GAC), and reverse osmosis (RO) 
further treatment and is then blended with deep groundwater before being injected 
into the shallower aquifers susceptible to seawater intrusion. 

In addition to providing a reliable, firm source of water for an expanded seawater 
barrier and groundwater replenishment, the GWR System project would also reduce 
the daily discharge of secondary-treated wastewater to the ocean by OCSD, thus 
reducing impacts to the coastal and marine environments.  Without the GWR System 
project, with projected population increases in Orange County, not only would 
OCWD’s dependency on imported water increase, but also OCSD would be required 
to build a new, ocean outfall pipeline.   

Gaining public and regulatory acceptance of the concept of injecting even highly-
treated wastewater into Orange County’s aquifers has required significant community 
education and outreach by OCWD and OCSD. The agencies have conducted 
numerous public education forums and performed several investigations to 
demonstrate that the proposed GWR System project will exceed all water quality 
standards and ensure the public, community leaders, and regulatory agencies that the 
project will maintain the groundwater basin as a safe and reliable source of drinking 
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water for years to come.  This paper describes one of these investigations, in which a 
groundwater model was developed with the objective of forecasting injection 
quantities and well locations needed to mitigate saltwater intrusion and to facilitate 
the design of the GWR System project. 

The Orange County Groundwater Basin 
During the early 20th century, settlers began using local groundwater to supplement 
the surface water flows of the Santa Ana River. As the area developed, increasing 
demand for water led to increasing groundwater production and a gradual lowering of 
the water table.  In 1933 the OCWD was formed to protect Santa Ana River flows 
into Orange County and manage the groundwater basin. By 1956, years of heavy 
pumping to sustain the region's growing agricultural economy had lowered the water 
table below sea level and saltwater from the Pacific Ocean had encroached as far as 
five miles inland. Numerous wells were abandoned because of excessive chloride 
concentrations. The intrusion occurred primarily between the coastal cities of 
Newport Beach and Huntington Beach known as the Talbert Gap, which is a low-
lying area at the mouth of the present-day Santa Ana River.  OCWD constructed a 
hydraulic freshwater barrier in the mid-1970s to prevent further intrusion and 
maintain groundwater management flexibility inland of the Talbert Gap.  

The barrier presently consists of 23 multi-depth injection wells located about four 
miles inland from the Pacific Ocean and injects a blend of highly-treated wastewater 
(generated by OCWD’s Water Factory 21) and locally-pumped deep aquifer water 
into the shallow alluvial and marine sedimentary aquifers which are susceptible to 
seawater intrusion.  The deep aquifer, which provides the blending supply for the 
injection water) is not directly susceptible to intrusion due to geologic faulting in the 
area.   

To date, the barrier has injected between 3,100 and 15,900 AFY (2 and 11 MGD) into 
the four shallowest aquifers.  Despite near continuous operation, increasing urban 
development and groundwater extraction have caused the existing barrier to be only 
moderately successful in preventing saltwater from further degrading the coastal 
aquifer.  

Seawater Intrusion in the Talbert Gap 
The basin area most directly impacted by saltwater intrusion is the Talbert Gap, which 
is a 2.5-mile wide coastal lowland alluvial valley between the elevated Huntington 
and Newport mesas.  The Talbert Gap is situated in an ancient marine sedimentary 
basin that has been tectonically affected by uplift and lateral movement along the 
Newport-Inglewood fault zone (NIFZ) and by downwarping in the Southgate-Santa 
Ana syncline.  The NIFZ has hydraulically isolated the deeper aquifer units in the 
basin from the Pacific Ocean. However, the shallow most Talbert aquifer formed 
unconformably across portions of the basin and extends across the NIFZ to the Pacific 
Ocean, thereby providing a means for seawater to migrate inland through the aquifer 
when water levels in the basin fall below mean sea level (msl).   

Since pumping from the groundwater basin predominantly occurs from deeper 
aquifers below the Talbert, these deeper aquifers typically have a lower piezometric 
elevation than the Talbert aquifer, especially in the coastal area.  Therefore, seawater 
intrusion in the Talbert aquifer can potentially migrate into these deeper aquifers via 
the mergence zones.  These mergence zones act as a drain on the Talbert aquifer, as 
evidenced by piezometric data from OCWD monitoring wells that typically show the 
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existence of a closed groundwater depression in the absence of any groundwater 
pumping.  
Groundwater Basin Management 
The complex hydrostratigraphy and large seasonal inflow and production result in a 
highly dynamic groundwater flow regime in the coastal portion of the basin.  OCWD 
has constructed and analyzed data from over 50 depth-specific monitoring wells to 
characterize and monitor groundwater conditions in the basin. Groundwater flow is 
generally towards the southwest from the inland recharge areas to the central and 
coastal production areas. The amplitude of seasonal (winter to summer) piezometric 
fluctuations has increased in recent years as water producers rely more on imported 
water during winter when demand is low and switch to less-expensive groundwater 
pumping to meet high summer demands.  

As coastal production increases during spring and summer, groundwater levels near 
the existing barrier typically fall by 15-20 feet from the winter highs to approximately 
10-15 feet below msl, thereby steepening the inland hydraulic gradient.  OCWD 
anticipates that the projected 50% increase in coastal groundwater production by the 
year 2020 will require a significant increase in barrier injection quantities to achieve 
protective piezometric elevations in the Talbert Gap mergence zones and to provide 
recharge to the coastal portion of the basin.  

OCWD and OCSD developed the GWR System project to provide additional 
injection water, reduce the rising mineral content in Orange County groundwater, 
expand the existing barrier system, while still meeting growing water demands.  This 
paper presents the results of a study that focused on developing and using a numerical 
groundwater flow model to assist in the design of additional barrier facilities and to 
better predict the future barrier injection needs to protect the groundwater resource.  

Model Development and Application 
The OCWD has furthered the early work performed by the California Department of 
Water Resources (DWR) and the United States Geological Survey (USGS) to 
characterize the coastal aquifer system. OCWD has conducted numerous detailed 
investigations, collected extensive data and developed a reasonably comprehensive 
conceptual understanding of the hydrogeology particularly in the Talbert Gap area. 
Over the last few years, OCWD developed a basin-scale groundwater flow model (the 
Basin Model) in the 1990s principally to manage the groundwater resources of the 
entire groundwater basin but also to assess specific issues such as seawater intrusion. 
The basin model, (constructed using MODFLOW) consisted of three layers and a 
uniform grid with square grid cell size of 500 feet and a domain encompassing the 
entire Orange County groundwater basin.  OCWD also developed a local-scale two-
layer steady-state flow model of the Talbert Gap area in 1993 to further study 
saltwater intrusion in the area. Total barrier injection capacities from these and other 
investigations suggested that about 30 MGD would need to be injected into the 
Talbert Gap to prevent further seawater intrusion under future conditions.  However, 
both models do not sufficiently represent the complex hydrogeology of the coastal 
aquifers and thus the results from the models were insufficient for a design-level 
evaluation of the additional barrier and injection well facilities proposed under the 
GWR System project.  Therefore, CDM and OCWD teamed on the development of a 
more detailed flow model of the Talbert Gap area (Talbert Gap model) to better 
evaluate future groundwater conditions and meet the project objectives.  
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The Talbert Gap model consisted of a sub-region of the basin-wide model, allowing 
for a more refined grid both laterally and vertically to represent the complex coastal 
hydrogeology.  The model domain was chosen large enough so as to include all major 
domestic production wells that affect groundwater conditions in the Talbert Gap and 
surrounding area while also minimizing boundary effects on simulated heads near the 
injection barrier. The MODFLOW model was constructed using seven explicit layers 
to represent the coastal aquifer system and flow conditions described earlier. The 
model implicitly represented the intervening aquitards and the mergence zones. The 
model was calibrated to average annual hydrologic conditions (steady state) and to 
time-varying conditions (transient).  Future pumping projections were also established 
in conjunction with the local producers.  Using the calibrated model and projected 
future pumping projections, a series of injection barrier scenarios were developed and 
simulated using both the Basin and Talbert Gap models. The objective of the 
scenarios was to assess the ultimate injection capacities under the projected 
groundwater pumping conditions by incrementally increasing and seasonally varying 
barrier injection required to provide hydraulic protection from saltwater intrusion.  

Study Findings 
The model results indicated that eventually, an average annual injection capacity of at 
least 30 MGD and a peak (summer) seasonal barrier capacity of more than 40 MGD 
would be required to mitigate saltwater intrusion.  These injection capacities 
represented about a 100% increase in the current barrier performance rates, and were 
at least 10 MGD higher than preliminary estimates made without the Talbert Gap 
model. The higher than anticipated injection capacities determined from the Talbert 
Gap model were significant since the expansion of the seawater barrier is an integral 
component of the feasibility of the GWR System project. The subsequent phases of 
the project benefited from the Talbert model results by incorporating the higher 
injection quantities into the design of the GWR System project.  
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