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BACKGROUND 

During the past ten years, increasing flows of untreated sewage 
from Mexico have contributed to the transformation of the Tijuana 
River from an intermittent to a perennial stream. The United 
States International Boundary and Water Commission has proposed a 
project to permanently divert and treat such flows, with final 
discharge to the Pacific Ocean. The project will, therefore, 
restore the Tijuana River to natural, intermittent stream 
conditions. I 

PURPOSE OF STUDY 

This study is an assessment of the hydrogeologic implications of 
removing untreated sewage flows from the Tijuana River in San 
Diego County, California- More specifically, this study was 
designed and conducted to determine whether or not ground water 
table elevations in the Tijuana River Valley, San Diego County, 
will likely decline due to removal of untreated sewage flows from 
Tijuana, Mexico. 
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EXECUTIVE SUMMARY 

Removal of untreated sewage flows will not cause a measurable 
decline in ground water levels in the Tijuana River Valley, San 
Diego County, This conclusion is based upon two facts. First, 
the ground water basin is presently full and is spilling out. 
Second, the minimum estimated natural recharge (5,500 acre-ft/yr) 
without any contribution from sewage flows is more than twice the 
estimated ground water losses (about 2,000 acre-ft/yr). 
Theoretically, removal of untreated sewage flows could cause a 
maximum decline of the ground water table in the Tijuana River 
Valley up to 7 feet per year, but only if all of the following 
conditions exist: 

All untreated sewage flows (at an assumed 10 cubic feet per 
second, or 7,400 acre-ft/yr, average flow rate) currently 
percolated to ground water. 

(b) There is zero rainfall; 

(c There is zero subsurface inflow from neighboring water 
bearing zones. |. 

There are zero flood flows. 

In reality, none of these conditions now exist or will likely 
exist in the future. The hydrologic record simply does not 
support a cause and effect relationship between untreated sewage 
flows and ground water levels. The facts indicate the following: 

The present, full-aguifer conditions have been caused by 
reduction of ground water pumping (currently less than 1,300 
acre-ft/yr vs. 18,000 acre-ft/yr in the 1950's) to levels 
which are signif icantljy less than naturally occurring 
recharge. < 

Average annual rainfall on the alluvial fill alone is capable 
of recharging up to 4,1500 acre-ft during an "average" rainy 
season. | 

(c) At least 1,160 to 1,500 acre-ft/yr of recharge is provided by 
subsurface inflow primarily from the alluvial fill extending 
upstream into Mexico, in addition to the water bearing 
sediments east of Interstate 5 which are hydraulically 
connected and upgradient from the alluvial aquifer. 

Intermittent flood flows will provide recharge, as they have 
in the past, in direct proportion to the available storage 
capacity in the aquifer during these flows. 
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Therefore, under realistic conditions, the removal of untreated 
sewage flows from the Tijuana River will have no effect on ground 
water levels over time. The present ground water surplus in the 
Tijuana River Valley is indicated by the continued seepage of 
ground water into the stream channel as far east as the Dairy 
Mart Bridge and by stream flows in the channel west of Shelton's 
Pond in the absence of any surface water input from Mexico. 

As long as annual recharge equals or exceeds annual ground water 
losses, there will be no decline in ground water levels other 
than normal seasonal fluctuations. Estimated annual ground water 
losses due to agricultural use and evapotranspiration in the 
lower Tijuana River Valley are about 1/4 the natural recharge 
rate of 8,000 acre-ft/yr (which does not include untreated sewage 
flows) estimated by the California Department of Water Resources 
(1975). 
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SETTING 

Geography 
The Tijuana River hydrologic subarea in southern San Diego County 
includes approximately 7,000 acres extending from the Mexican 
Border to the Pacific Ocean. The alluvial aquifer underlying the 
Tijuana River Valley occupies an area of about 5,000 acres to 
depths of 100 feet or more. This hydrologic subarea lies at the 
downstream end of a 1,700 square mile watershed, of which about 
3 0 percent lies in the United States and 70 percent in Mexico. 

Rainfall 
The average annual rainfall across the watershed ranges from 
about 11 inches near the coast to 25 inches at the higher inland 
elevations (Izbicki, 1985). Thus an average rainfall year 
represents a potential recharge of up to 4,500 acre-ft in the 
5,000 acre alluvial aquifer. The average annual pan evaporation 
for the City of Chula Vista is about 64 inches (Zedler and Norby, 
1986). Most rainfall usually occurs during the months of 
December through March when evapotranspiration is at a minimum. 
Considerable variability in rainfall patterns between extremely 
wet and very dry years is ejvident in records for the City of San 
Diego dating back to 1800. : 

Soils 
Predominant floodplain soils belong to the Chino and Tujunga 
series (US Soil Conservation Service, 1973). These soils 
typically extend to depths greater than 5 feet. The westernmost 
soils, which extend from the coast inland about one mile or more, 
are Tidal Flat soils which have excess soluble salts (US Soil 
Conservation Service, 1973). 

Lying along the historical river channel in the eastern portion 
and along the present channel in the central portion of the 
hydrologic subarea, Tujunga soils are notable for their high 
infiltration rates of 6.3 to 20 in/hr. Flood control structures 
and channelization between the International Border and Shelton's 
Pond have diverted the river westward, away from Tujunga soils, 
into the finer silty loams of the Chino soil type. As noted by 
Izbicki (1985) these soils have considerable clay content and 
infiltration rates of 0.2 to 0.63 in/hr. The US Geological 
Survey described the clayey to very fine sandy Tidal Flat soils 
as marine muds (Izbicki, 1985). 

The US Soil Conservation Service (1973) reported that the water 
holding capacity of Tujunga soils is 3-4 inches and Chino soils 
is 7.5-10 inches. "Water holding capacity" is the ability of a 
soil to retain water for use by plants at moisture contents 
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between field capacity (where water remaining in a soil has 
ceased to drain freely) and the wilting point of plants, as 
measured in inches of available water per foot of soil (Brady, 
1984). 

Phreatophvtes 
Riparian phreatophytes in the lower Tijuana River Valley, 
primarily willows and mule fat, provide nesting habitat for the 
endangered least Bell's vireo. Loss of such vegetation would, 
therefore, reduce available habitat. 

Phreatophytes are deep-rooted plants notable for their ability to 
obtain water from ground water or the overlying capillary fringe 
(Bates and Jackson, 1987). Ellis and Lee (1919) described the 
capillary fringe in the study area as typically extending 
vertically from 2.5 feet in the coarsest sands to more than 7,0 
feet in finer silts. Phreatophytes are also capable of obtaining 
water from saturated, fine-grained sediments (e.g. silts and 
clays) which would otherwise not yield water to a well (Davis and 
DeWeist, 1966). 

Davis and DeWeist (1966), wrote that phreatophytes can thrive in 
arid areas in the absence of continuous surface water flows 
because they can obtain water from depths up to 10 feet 
(grasses), 30 feet (shrubs) and 90 feet (trees), Bouwer (1978) 
noted that the active root zone of many phreatophyte trees is on 
the order of 10 meters (e.g., greater than 30 feet). There are 
no site specific data reported in the record to indicate that the 
rooting depth of the particular willow and mule fat species 
present in the lower Tijuana River Valley are significantly 
different from these published estimates. 

Although local rates may vary, average annual consumption of 
ground water by phreatophytes is about 1.33 ft/acre (Bouwer, 
1978). Again, there are no reported studies to determine if 
evapotranspiration by phreatophytes in the lower Tijuana River 
Valley is significantly greater or less than this textbook 
estimate. 

Surface Water Hydrology 
Intermittent flood flows are highly variable and are dependent 
upon rainfall amounts and intensity across the watershed- Brief 
periods of very high flows, primarily during the rainy season 
(December through March), are often followed by low (or no) 
summer flows. During periods of ground water overdraft, surface 
waters will provide recharge to the aquifer in direct proportion 
to the available storage. However, when the aquifer is full or 
overflowing, ground water seepage into the lower Tijuana River 
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will create "gaining" stream conditions. Such conditions are 
apparent when ponds and stream flows in the valley are maintained 
in the absence of surface water input from Mexico. 

Intermittent flood flow volumes also depend in part upon the 
operation of water supply reservoirs upstream which together 
control about 75% of the watershed. There are three such dams in 
the Tijuana River watershed. The two which lie farthest upstream 
(Barrett and Morena) are within the United States. The third 
(Rodriguez) is located south of Tijuana, Baja California, Mexico. 
The dams were all constructed prior to 1936 and are operated 
primarily for water supply rather than flood control. 

According to US Geological Survey (Izbicki, 1985), the average 
annual discharge in the Tijuana River at the International 
Boundary from 1936 through 1981 was about 33,000 acre-ft/yr, 
compared to a "median" discharge of 659 acre-ft/yr. The maximum 
annual discharge was recorded during the 1979-80 water year when 
586,000 acre-ft flowed through the lower Tijuana River Valley 
(Izbicki, 1985). 

Ground Water Hydrology 
The alluvial aquifer of the Tijuana River Valley is recharged 
primarily by direct rainfall, subsurface inflow from adjacent 
areas, and intermittent flood flows (Department of Water 
Resources, 1967). Rainfall and flood flows were discussed 
previously. The amount of ground water inflow from across the 
International Border has been estimated as 1,580 acre-ft/yr 
(Department of Public Works, 1952); 1,208 acre-ft/yr (US Army 
Corps of Engineers, 1965); and 1,160 acre-ft/yr (International 
Boundary and Water Commission, 1976). There is also potential 
recharge from water bearing zones east of Interstate 5 which has 
not been estimated. 

The chief factors contributing to reduction of ground water in 
storage are agricultural pumping and evapotranspiration from 
phreatophytes. Ellis and Lee (1919) noted the possibility of 
minor outflow from the basin toward the north during periods of 
high ground water. The amount of ground water outflow along the 
ocean/freshwater interface is not known. 

It is only when the amount of ground water removed from a basin 
chronically exceeds natural recharge from rainfall, subsurface 
inflow, and intermittent flood flows that the ground water table 
will begin to trend downward. The record for the lower Tijuana 
River Valley from 1965-1978 shows that once the rate of ground 
water extractions are reduced, ground water levels will recover 
even during an extended period of drier than normal rainfall and 
less than normal runoff (1965-1978). 
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Safe Yield 
The best practical approach for determining whether or not future 
ground water level declines are likely, given the current rate of 
consumption, is to determine the hydrologic balance between total 
annual recharge and total annual losses. As an estimate of the 
average replenishment, the "safe yield" represents the rate at 
which ground water can be withdrawn from an aquifer without 
causing a long-term water table decline (Bouwer, 1978). 

Published estimates of safe yield in the Tijuana River hydrologic 
subarea range from 5,500-6,000 acre-ft/yr (International Boundary 
and Water Commission, 1976) to 7,900 acre-ft/yr (Ellis and Lee, 
1919). The Department of Water Resources (1975a) reported a 
natural recharge rate of 8,000 acre-ft/yr. Although one can 
expect seasonal fluctuations, as long as the total amount of 
ground water removed stays within or below this range of "safe 
yield", there will be no adverse effects on ground water levels 
in the study area. It should be noted these published estimates 
of "safe yield" do not include any contribution from untreated 
sewage flows. 
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HISTORICAL CONDITIONS 

Land Use 
Riparian vegetation was widespread in the valley prior to the 
expansion of cultivated agriculture. The Coronado Water Company 
(1920) described 4,300 acres of riparian land as being suitable 
for cultivation. 

By 1909 much of the Tijuana River Valley was being "put to the 
plow" and irrigated by individual wells (Ellis and Lee, 1919). 
As early as 1934, at least 4,700 acres were being cultivated, 
grazed, or otherwise farmed (Green, 1935). As cultivated 
acreage, dairies, and ranches expanded, the riparian vegetation 
was destroyed. In the Final Environmental Impact Statement for 
the Tijuana River Flood Control Project, the International 
Boundary and Water Commission (197 6) concluded that natural 
riparian vegetation had largely been eliminated or highly altered 
by these activities. 

As these destructive activities declined, riparian vegetation 
began to reemerge in undisturbed areas. There are now more than 
200 acres of thriving riparian vegetation west of 19th Street on 
land which was under active cultivation in late December 1979, as 
documented by a US Customs Service (1979) aerial photograph. 

Several now-abandoned sand and gravel mines also operated in 
areas along the river channel which formerly supported riparian 
vegetation. Ocean Science and Engineering, Inc. (1971) noted 
riparian habitat remaining along the riverbed and in sand and 
gravel excavations. The International Boundary and Water 
Commission (1976) reported pockets of riparian growth and noted 
that significant areas of riparian vegetation remaining in 
central and eastern parts of the valley were limited to parts of 
the river channel or depleted sand and gravel borrow pits. 
Aerial photographs from 1970 to 1979 document the progressive 
reemergence of riparian habitat in several abandoned mining 
excavations. 

ground Water Consumption 
Much of the ground water consumption in the Tijuana River Valley 
has been related to agriculture. With the expansion of farming 
in the 1930's, 1940's and 1950's, the sustained annual 
consumption of ground water from the Tijuana River Valley for 
agriculture alone grew to 8,945 acre-ft by 1951-52. During this 
period of time, 5,147 acre-ft were applied to irrigated land in 
the valley7~2,918 acre-ft were " consumed on — unirrigated 
lands..." and 880 acre-ft was exported to irrigate farmlands on 
the surrounding "...bench lands..." (Department of Public Works, 
1952). 

• * I I 
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In addition to agricultural use, ground water was also pumped and 
exported from the Tijuana River Valley to nearby communities. In 
1928, the Coronado Water Company (which was later bought out by 
the California Water and Telephone Company in 1935) exported 
4,800 acre-ft/yr from the ajlluvial aquifer (Fowler, 1953). At 
its zenith, the California ;Water and Telephone company operated 
as many as nine water supply wells and a water softening plant in 
the Tijuana River Valley as part of its delivery system to the 
Coronado Water District, which included the communities of 
Nestor, Imperial Beach, Paljm City, Coronado, and several military 
bases (California Department of Public Health, 1950). Although 
exportation of ground water outside the Tijuana River Valley was 
significantly curtailed by |<j;ourt order in the early 1950's, the 
City of Coronado continued to import an unknown quantity of 
Tijuana River Valley ground water until 1964 (International 
Boundary and Water Commission, 1976) . 

Total extraction of ground water from the alluvial aquifer for 
all purposes reached its peak during the 1950's. The Department 
of Public Works (1952) reported that over 14,000 acre-ft were 
extracted during 1950-51, which increased to more than 15,000 
acre-ft in 1951-52. The Department of Water Resources (1975a) 
reported total extractions in 1952-53.of 18,000 acre-ft. Given 
estimated "safe yield" in the range of 5,500-8,000 acre-ft/yr, 
the pumping rates for these three years (1950-1953) represented 
an accumulated ground water overdraft of 23,000-30,500 acre-ft. 

However, imported irrigation water, reduced pumping due to 
degraded ground water quality, and the abandonment of farming 
activities for various reasons contributed to sharply declining 
demand for ground water. In 1959, imported irrigation water (at 
specially reduced prices) was delivered for the first time to 
farmers in the Tijuana River Valley (San Diego County Water 
Authority, 1959). Beginning as early as the 1930's and worsening 
through the 1960's, a build; up of salts in formerly fertile soils 
contributed to declines in ĵanri productivity which caused a 
decrease in the amount of iirrigated acreage (Ocean Science and 
Engineering, Inc., 1971). Indeed, most of the cultivated areas 
in the western one-half of the valley, which had expanded nearly 
to the ocean at one time, were abandoned by the mid-l970,s due to 
declining productivity caused by increasingly saline soil and 
salt-water degradation of ground water supplies (International 
Boundary and Water Commission, 1976). The present flood control 
structures and channelization, which were completed in the 
1970's, also eliminated mosjd of the irrigated agricultural lands 
east of Dairy Mart Road. 
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Ground Water Levels 
The effects of sustained pumping at rates twice the average 
annual natural recharge are readily apparent in hydrographs of 
wells published by the Department of Public Works (1952) and in 
the all-time low water levels measured in the early 1960#s 
(Department of Water Resources, 1967). Assuming uniform 
distribution of drawdown over the 5,000 acre alluvial aquifer and 
an average specific yield of 0.2 (Izbicki, 1985), the 1950-1953 
overdraft of 23,000-30,500 acre-ft could result in a ground water 
decline of 23-30 feet or more. Thus, it is not surprising that 
by the early ISSO's , ground water table elevations across much of 
the valley had fallen below sea level. 

Due to this lowering of the ground water table, highly saline 
ground water from underlying and adjacent marine sediments and 
sea water began to invade and to degrade the alluvial aquifer 
(Department of Water Resources, 1975b). This salt water 
degradation, which became apparent in the 1960's, contributed 
further to the overall declining demand for ground water 
discussed above. As consumiption eventually became less than 
natural recharge, the resulting annual surplus of supply began to 
overcome years of accumulated deficits. It is, therefore, not 
surprising that water levels began recovering as early as the 
mid-1960's following the all-time lows of the early 1960's. 

Significant reductions in the amount of ground water needed for 
irrigation (due to the factors discussed above) allowed the 
aquifer to recover about 15 feet in the vicinity of Hollister 
Bridge and at least 36 feet, near the International Border during 
the period from February X9$3 through April 1969 (Ocean Science 
and Engineering, 1971). Although there were intermittent periods 
of increased rainfall and associated flood flows in the 1965-66, 
1966-67, and 1968-69 water years, the extended dry period which 
began in the mid-1940's, cohtinued until 1978 (San Diego County 
Water Authority, 1990). 

The years 1978-1980 brought nearly 48 inches of rain to the city 
of San Diego and resulted ift flood flows in the Tijuana River. 
The wet winter of 1982-83, filled the aquifer to capacity and 
turned the usually intermittent Tijuana River into a "...series 
of interconnected ponds. Water levels in the ponds were 
maintained throughout the sianmer by ground-water inflow.,.*" 
(Izbicki, 1985*). 
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CURRENT CONDITIONS 

Land Use 
There are approximately 700 acres of existing riparian vegetation 
located primarily adjacent:to the Tijuana River channel west of 
Dairy Mart Road and throughout abandoned sand and gravel 
excavations in the former river channel east of Dairy Mart Road. 
There are also stands of riparian vegetation away from the active 
river channel in isolated areas which are free from cultivation. 

Based upon October 8, 1990 aerial photographs, there are an 
estimated 600 acres presently under cultivation; although not all 
these acres are being utilized at any one time. Irrigated crops 
include sod and vegetables. Sand and gravel mining activities 
continue in and around Shelton's Pond. There are also horse 
stables and riding facilities. Except for 50+ acres cultivated 
for sod immediately east of Dairy Mart Road, the irrigated 
agriculture which formerly occupied the eastern part of the 
valley in the 1950's and ld60's,.has vanished. 

Ground Water Consumption 
At present ground water extractions in the Tijuana River Valley 
are significantly less thari natural recharge. The County of San 
Diego (1991) estimated that current water usage for irrigated 
agriculture in the Tijuana River Valley is about 1,300 acre-
ft/yr. This is significantlly lower than the 8,000 acre-ft/yr 
required in the 1950's. It is not presently known how much of 
this total consumption is aypplied by wells in the Tijuana River 
Valley versus imported suppjlies. There is no known extraction of 
ground water from the basin for any purposes other than these 
limited agriculture uses. ) 

The County of San Diego (1991) identified six agricultural wells 
which are either operating or capable of operation. The 
International Boundary and Water Commission (1991) identified 
three additional irrigation wells which are intermittently active 
on a sod farming operation east of Dairy Mart Road. 

Given these facts, we can now reasonably estimate ground water 
demand by adding together likely ground water withdrawals and 
likely evapotranspiration. : Let us assume evapotranspiration from 
700 acres of riparian vegetation (at 1.33 ft/yr) and a maximum 
possible ground water extraction rate of 1,300 acre-ft/yr. Based 
on these assumptions, estimkted annual ground water demand is 
about 2,200 acre-ft. Compared to published estimates of 
available natural recharge 1(5,500 to 8,000 acre-ft/yr), the 
alluvial aquifer is capable; of sustaining at least two times this 
rate of ground water consumption with no measurable impacts. 
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