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ABSTRACT 
 

The increased use of reclaimed water for artificial groundwater recharge 
purposes has led to concerns about future groundwater quality, particularly as it 
relates to the introduction of new organic and inorganic contaminants into the 
subsurface. Here we review the integrated application of isotopic characterization and 
numerical modeling techniques for assessing the migration of reclaimed water that is 
used for artificial groundwater recharge in the coastal aquifer underlying Orange 
County, California.  

The Orange County Water District (OCWD) manages a groundwater basin 
that currently provides 70% of the domestic water supply for approximately 2 
million residents in the northern, urbanized part of Orange County, California 
[OCWD, 1991, 1994, 1995]. The remaining 30% is imported from outside the 
district. On an average annual basis, roughly 270,000 acre-feet (3.3 x 108 m3) of 
water are extracted from several hundred production wells located within the middle 
production aquifer of a 20-mile long (32 km) basin, anchored at the Pacific Ocean, 
and reaching depths over 1,000 ft (330 m) deep. 

Historically, this rate of production has placed a huge demand on the aquifer 
and has led to overdrafting and seawater intrusion problems. Current management 
practices have been designed to meet the demands of a growing population and 
establish a more “reliable” water supply that is less dependent on uncertainties 
associated with imported water (e.g., shortages from droughts, increased demands 
outside of Orange County, etc.). To this end, the district has pursued an aggressive 
water management strategy that includes 

• Diversion of the base flow of the Santa Ana River and, on occasion, imported 
water into a series of infiltration basins to support an aquifer recharge effort 
that returns about 205,000 acre-feet (2.5 x 108 m3) of water, on an annual 
basis, to the groundwater basin; 

• A saltwater intrusion barrier, created by the injection between 5,000 and 
10,000 acre-feet  (6.2–12.4 x 106 m3) of reclaimed water from their Water 
Factory 21 treatment plant into the shallow aquifer along the coast; 

• Development of advanced reverse osmosis (RO) and water filtration facilities 
for the treatment of high TDS and lower quality water obtained from the 
Factory 21 plant or brackish or otherwise contaminated wells;  

• Preservation of wetlands along the Santa Ana River as a means to promote 
natural improvements in the quality of river water that is diverted into the 
recharge basins. 
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In anticipation of increased interstate demand on all imported water, OCWD is 
embarking on a large scale effort to augment the aquifer recharge effort with treated 
wastewater from its Water Factory 21 treatment plant, as a means to support nearly 
100% of their water demand from groundwater [OCWD, 1991]. They are also 
increasing the scope of the coastal saltwater barrier, as a means to allow greater 
freshwater pumping near the coast.  Because reclaimed water has a potentially 
elevated health risk due to residual occurrences of human pathogens and synthetic 
chemicals, the California Department of Health Services regulates its use for indirect 
potable reuse. In particular, they require reclaimed water once recharged to the 
aquifer, must reside below the surface for at least one year before it is produce for 
drinking water. This presents an unusual technical challenge to the commercial and 
public sector hydrogeologic community, since standard technology applied to 
groundwater characterization and contaminant risk is unable to determine residence 
times to these small scales.  

A number of collaborative scientific studies have been performed in order to 
understand the distribution, fate, and public health impacts of reclaimed water that is 
recharged to their aquifers. Here, we will report on the combined use of advanced 
tracer applications and a large-scale modeling technology to address the specific 
residence time and contaminant risk questions [Davisson, et al., 1998; Tompson, et 
al., 1999].  

Tritium and helium–3 isotope measurements have been successfully used to 
provide a means to characterize the age of groundwater recharged into the salt water 
barrier and the infiltration basins with an uncertainty of plus or minus one year. 
Beneath the infiltration basins alone, nearly one hundred independent age 
determinations have been made in order to provide a detail picture of the groundwater 
migration paths and rates over the area. Although these ages are indicative of an 
average hydrologic transport rate through the subsurface, they do not reveal the 
influence of aquifer heterogeneity in dispersing recharge “parcels” through high 
permeability, fast track flow pathways. Numerical simulations of groundwater 
migration between recharge points and large production wells emphasize the 
importance of aquifer heterogeneity in controlling travel times to the wells and, by 
deduction, the inferred groundwater age at the wells. Results indicate that the age of 
well water can be distributed over large range as a result of dispersion and aquifer 
heterogeneity.  

As a result, specially labeled xenon isotopes and sulfur-hexafluoride have 
been utilized as artificial tracers in a specific recharge sequence in order to more 
carefully understand fast transport pathways in the real system. Similar analyses have 
also been made when imported supplies of Colorado River water have been used in 
periodic recharge sequences. Colorado River water has an oxygen isotope abundance 
that is distinct from natural recharge in the area, which allows it to be further 
exploited as a natural tracer [Williams, 1997]. In general, these artificial tracers are 
innocuous and transport conservatively with the groundwater. Regular monitoring of 
the tracers provides a basis to identify the arrival time of a specific recharge pulse 
through the aquifer. From that data, maps of first tracer arrival can be produced to 
delineate where fast-track flow paths occur and the rates of their travel and to further 
calibrate model studies. 

We are now using the same simulations as a preliminary means to understand 
the role of the geologic system in controlling the transport and fate of viruses in 



 3 

groundwater between the infiltration basins and production wells. Initial efforts are 
focusing on the transport of abiotic colloids. Our models are investigating the role and 
impacts of geologic heterogeneity in affecting local filtration (attachment) and 
detachment of colloids. The effects of solution composition and variable colloidal 
properties, as well as activation and deactivation processes as they pertain to true 
viruses are being deferred for future studies. In addition, such modeling studies need 
to be more actively coordinated with field studies [e.g., Yates, 1995] as a means to 
provide more conclusive understanding of virus fate and transport in this recharge 
scenario. 

This work was performed under the auspices of the U.S. Department of 
Energy by the University of California, Lawrence Livermore National Laboratory 
under contract No. W-7405-Eng-48. 
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