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1.0 Introduction

The U.S. Department of Energy (DOE) conducted a study of the Tijuana River Aquifer to

. evaluate possible responses of the aquifer to ground-water storage and recovery operations.
Treated water from the South Bay Water Reclamation Plant on the United States side of the
international border has been identified as a potential source of water for recharge and re-use in
Mexico. The role of DOE in the Tijuana River Aquifer project is to evaluate ambient ground-
water flow in the alluvizal aquifer and to develop a numerical model of the aquifer that can be
used to evaluate potential scenarios of aquifer storage and recovery. This project is part of the
National Border Technology Partnership Program, and is being conducted cooperatively among
governmental agencies in the United States of America (USA) and Mexico.

This report summarizes the present understanding of the occurrence, movement, and ionic
composition of ground water in the Tijuana River Aquifer and presents a numerical ground water
model of ground water flow. Data sources include previous investigations by others and findings
from DOE site work conducted from August 26 to 30, 2002. Section 2.0 presents the conceptual
model, Section 3.0 describes the numerical ground water model including the conclusions, and
Section 4.0 contains recommendations.
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2.0 Conceptual Model

This section describes site features and processes that determine the occurrence and movement
of ground water in the Tijuana River-Aquifer.

2.1 Field Investigations

DOE implemented a field investigation of the Tijuana River Aquifer during August 26 to 30,
2002. Field-activities north of the international border included 1) recording the location of
ground water wells in the project area by Global Positioning System (GPS), 2) field mapping and
site reconnaissance, 3) measuring the depth to ground water in monitor wells, 4) collecting
ground water samples for laboratory analysis of ionic composition, and 5) conducting aquifer
tests to determine hydraulic properties of the aquifer.

Twenty-three hydraulic tests were completed at 20 separate wells in the United States. Twenty-
three International Boundary Water Commission (IBWC) wells were sampled for water quality
analysis. Historical information and monitor well records were obtained from representatives of
the IBWC and the Tia Juana Valley County Water District during the visit. Access to conduct
sampling and testing at existing monitor wells in the United States was provided by IBWC
personnel. : «

A portion of the field investigation was conducted in Mexico. On August 28, DOE met in
Tijuana with officials of the State Commission of Public Services of Tijuana (CESPT) and the
State Water Commission for Baja California, Mexico (CEA). The meeting was followed by a
tour of the Tijuana and Alamar River valleys by DOE and CESPT. Fourteen water supply wells
were visited. Water samples were collected from nine of those wells for analysis of ionic
composition. Depth to water was also measured at 11 of the wells. All well locations were
measured with GPS, Water commission officials provided construction records for the Tijuana
wells and detailed geologic maps of the surrounding area in Mexico. Fieldwork in Tijuana
conciuded on August 29,

Laboratory analytical results for the water samples from the IBWC and Tijuané wellsare
presented in Section 2.3. Appendix A includes a summary and discussion of the aquifer test
methods and results. Findings of the DOE field study are incorporated into the conceptual model
and used to define the input parameters for the ground water model.

2.2 Project Area

The project area encompasses portions of the coastal valleys of the Tijuana and Alamar Rivers
from the mouth of the Tijuana River at the Pacific Ocean in southem California to about

10 miles inland (southeast) in Baja California, Mexico (Figure 1). Within this area, the rivers
have incised weakly consolidated, generally flat-lying bedrock consisting of near-shore marine
and non-marine detrital sediments of the Pliocene and Pleistocene epochs (Kennedy and Tan
1977, Izbicki 1985, Hardt 1988, CETN). Unconsolidated Holocene alluvial deposits partially fill
the valleys. The project area is at the western tip of the Tijuana River watershed where it drains
to the ocean through the Tijuana Estuary. East of the coastal fringe of marine sedimentary rocks,
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the interior of the Tijuana River watershed (1,725 square miles total) is mountainous pre-
Cenozoic igneous and metamorphic rocks of the Peninsular Range. These rocks, exposed in the
highlands 2 or 3 miles east of the project area, attain elevations of 2,000 to 3,000 feet (ft) above
sea level. Surficial geology of the study area is shown in Figure 2.

The Tijuana River Aquifer is defined as saturated alluvium within the valleys of the Tijuana and
Alamar Rivers. The valleys rise in elevation from sea level at the coast to about 250 ft above sea
level in the upper reaches of the study area. Surrounding terraces are several hundred feet above
the valleys-floors. In Mexico, the study area extends up the Tijuana River to Rodriguez
Reservoir. Shallow ground water beneath the Alamar River valley represents a northeast branch
of the Tijuana River Aquifer. Alluvial deposits of the Alamar River extend approximately 6.5
miles upstream of the confluence with the Tijuana River. All municipal supply wells associated
with the valley aquifer are located below the confluence of the Alamar River; there are no
municipal supply wells in the Alamar valley.

2.2.1 Climatic Setting

The climate of the region is characterized as Mediterranean-type. This refers to hot, dry summers
and mild rainy winters. Average annual rainfall in the Tijuana River watershed is 11 inches near
the ocean and 25 inches in the interior highlands. The rainfall pattern, vegetation, and
topography contribute to high seasonal flooding potential. Typical rates of evapotranspiration
(ET) for semi-arid regions (such.as the Tijuana River basin) are reported to range from

15 inches/yr for barren rocky terrain to 35 inches/yr for forested areas (COE 1990).

2.2.2 Land Use

The valley of the Tijuana River in Mexico ts approximately 100 percent dense urban residential
and commercial/industrial. The valley of the Alamar River is sparsely populated and primarily
agricultural. There is much vacant, former agricultural land in the river valley in the United
States. A small percentage of the land remains in production as irrigated vegetable farms. Border
Field State Park and the Tijuana Estuary Preserve occupy the coastal area to about 0.5 miles

South Bay Water Reclamation Plant, and the [BWC Water Treatment Plant (Figure 3). The
communities of Imperial Beach, Nestor, and San Ysidro, located on the Nestor and Otay
Terraces (not shown in the report figures), bound the valley to the north in the United States. The
valley is bounded to the south by steep-faced, undeveloped Spooner's Mesa. Security zones
occupy the land immediately adjacent the international border.

2.2.3 Ground Water and Surface Water Use

From about 1930 to the mid-1970s, ground water was extracted for irrigation in the valley north
of the border. A period of significant overdraft occurred during the 50s and 60s, which resulted
in degraded water guality from seawater intrusion and discharge from surrounding marine
sedimentary rocks (Izbicki 1985). Farming and ground water use then declined significantly, and
the water table has returned to pre-pumping levels. Ground water extraction in the valley north of
the border as of 1993 was 1,400 acre-ft/yr (Dudek 1997). During the August 2002 site visit,
irrigation appeared to be limited to the sod farm and several commercial vegetable farms.
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