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River Restoration for a Socially and Ecologically Devastated Border Ci
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Introduction

The Tijuana River Watershed is one of eight watersheds that encompass the urbanized area of San
Diego and Tijuana. The San Diego - Tijuana cross border corridor lies along the 1,951 mile long
international border dividing the United States and Mexico, known as the U.S. Mexican Border
Region (San Diego Association of Governments). It is currently the fastest growing region in North
America (US / Mexico Border Counties Coalition) and accounts for roughly a third of total
population growth in the United States and Mexico over the last 15 years (United States Census
Burea / Consejo Nacional de Poblacion). The Tijuana River Watershed straddles this international
boundary revealing economic inequalities, ecological devastation and social disparities that exist
between the two countries. Tijuana has always had a unique role in the region attracting tourism,
providing a cheap labor pool and as a staging ground for those trying to pass North through the
border to the United States. It also plays a role not unlike the slums and lower income
neighborhoods of other U.S. cities; in this case however the poor areas are pushed out to the edge of
the urban area and masked behind the screen of the border (Lynch & Appleyard 1974). Could there
be a sustainable future for a socially and ecologically devastated border city? How might such a
vision come to fruition and what would be the social and ecological impact? At the heart of any

solution to the issues raised here is the Tijuana River as it passes through the City of Tijuana.



Tijuana River Watershed

The Tijuana River Watershed is located on the west coast of North America, straddling the border
between the United States of America and los Estados Unidos de Mexico. The regional climate is
classified as a mid-latitude desert region (Steppe BS, according to the Koppen system of climate
classification) and precipitation in the area is extremely variable (National Oceanic and
Atmospheric Administration). Precipitation records reveal a pattern of 9 months with little to no
flow interrupted by dramatic rainstorms and subsequent high flows in a few winter months (United

States Geological Survey).

The drainage area of the Tijuana River Watershed is 1,735 square miles with 30% of the basin in
the United States and 70% in Mexico (Tijuana River Watershed: Watershed Overview 00). The
Tijuana River Watershed is made up of two main basins; the Alomar river watershed and the
Tijuana river watershed, the confluence of the Alomar River and the Tijuana River occurs as these
two rivers they enter the City of Tijuana from the east and south, respectively. The Rio Alomar is
fed by Cottonwood Creek and Campo Creek, located mostly in the United States, and Tecate Creek,
located mostly in Mexico. The Tijuana River is fed by Rio de Las Palmas and Rio Alomar, covering
areas only in Mexico. All tributaries drain to the Tijuana River, which then passes through the City

of Tijuana north towards the international border and then into the Tijuana Estuary.

There are four damns and reservoirs in place, serving both flood control purposes and providing
local water supply (Brown 98). Morena and Barrett Reservoirs were built in 1912 and 1922
respectively and are in the United States and the Rodriguez Damn was built in 1936 and is in
Mexico. These three damns cover 78% of the Tijuana River Watershed (Zedler, Nordby, Kus 92).
A reservoir, El Carrizo Damn, was built in Mexico to store the City of Tijuana’s share of water

from the Colorado River (Brown 98).
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Urban & Hydrologic Morphology

The City of Tijuana was founded barely over 100 years ago. In response to a new railroad line that
was completed at the beginning of the 20" century Tijuana was settled on a large sedimentation
deposit at the south west edge of the Tijuana River. In 1916 a major flood occurred in this area that
has been anecdotally determined to have been 75,000 cfs, or roughly the equivalent of the 100 year
flood event. This flood event left a strong imprint on the landscape as well as the consciousness of
the City of Tijuana. With the increase of cross border tourism stimulated by prohibition and the
increase in military presence in the United States, the city of Tijuana started to grow. The urban
form continued to respect the edges of 1916 flood, encroaching only a few blocks or so into areas

that had been inundated.

In the 1920’s and 30’s three damns were built in the Tijuana River Watershed. Built under the
guise of flood protection the new Rodriguez damn in Mexico also provided Tijuana with a new
source of water. The city expanded in area and population in the years following this new
infrastructural investment. In the late 1960s the United States of America and los Estados Unidos
de Mexico agreed to construct a trapezoidal concrete channel to convey Tijuana River waters
through the urbanized area of Tijuana, north across the international border and to the Pacific Ocean
5 miles to the west (Brown 98). In 1973 the Mexican portion of this flood channel was completed.
A growing environmental awareness in the United States prevented the concrete channel from
continuing across the border and led to the creation of the Tijuana National Estuarine Research

Reserve.

The Tijuana Estuary now plays a vital role in the local and global ecology, providing habitat for a

variety of animal and plant species (Zedler, Nordby & Kus 92). The estuary is also known to the



citizens of San Diego as a social amenity that is critical to their identity (Lynch & Appleyard 73).
The creation of this protected area and the prevention of a concrete flood control channel is a major
victory for environmentalism. However, over thirty years later the Tijuana National Estuarine
Research Reserve sits in stark contrast to the concrete channel that lies just south of the border.
Since the completion of this massive flood control project the area that once was the flood plain has
now been converted incorporated into the urban fabric of the City of Tijuana. This area of the city
is known as the Zona del Rio, River Zone, and is characterized by strip malls, open surface parking

lots, wasted space and automobiles.

As a backdrop to the dramatic physical changes that both the urban and hydrologic structures of
Tijuana and the Tijuana River have experienced is the social disparity that exists in the region.

The San Diego-Tijuana urbanized area has undergone extremely disproportionate development over
the last century, especially in the last 30 years: the population density of Tijuana is nearly 4 times
greater than that of San Diego; the ratio of open space to people is dramatically lower for the City of
Tijuana; moderate size areas of Tijuana have limited or no access to running water or sewerage
(Cross Border Planning Atlas). The quality of life for the residents of Tijuana is markedly lower
than for their neighbors to the north (Lynch & Appleyard 74). Increasing livability and eliminating
the negative impacts of human settlement on natural systems will provide a sustainable future for
this socially and ecologically devastated border city. There is a growing body of evidence that

urban river restorations can perform exactly these functions.

Existing Concrete Channel

The trapezoidal concrete channel that passes through the heart of Downtown Tijuana is designed to

convey a flood of 135,000 cfs, or the equivalent of the 200 year event . The greatest peak flow that

has passed through since its construction was 33,500 cfs in February 1980 (International Boundary



& Water Commission, TRFCP). This is the greatest peak flow recorded at the Tijuana, Nestor gage,
during its 46 years of operation from 1937 to 1982 (United States Geological Survey). Located at
the border where the concrete channel transitions through an energy dissipater into the estuary this
gage was removed around the same time as the construction of the new International Wastewater
Treatment Plant. Any alternative configurations to the existing flood control channel included in a
river restoration will be required to demonstrate its response to high flow events and its capacity to
protect the surrounding neighborhoods of central Tijuana. There are numerous alternatives to the
existing condition of the Tijuana River flood control channel that provide a more livable
environment for local residents, more ecological service for the watershed while continuing the

critical role of safely conveying flood waters through the urban area.

Precipitation & Streamflow

The Tijuana-Nestor gage records flows produced by 99.6% of the watershed while
exiting the existing concrete flood control channel as it crosses the border (Zedler,
Nordby & Kus 92). In operation from 1937 until 1982 this gage was installed after the
construction of all three damns located in the watershed. Comparing annual precipitation
and annual streamflow records from the Tijuana-Nester gage it is evident that very little
water is allowed through these damns. With water demand greater than its supply the
City of Tijuana attempts to use all the water it can as it passes through the watershed.
There have been two years since the construction of the damns that the Tijuana-Nestor
gage recorded river flows of over 400,000 cfs. 1941 and 1980 stand out in the annual
flow records as compared to most other years. While 1941 was a unique year in terms of
precipitation 1980 was not. 1941 had the greatest amount of precipitation recorder in the

area, even greater than the 1916 levels which produced flood of 75,000 cfs. However,



there are 9 years between 1941 and 1980 with greater levels of precipitation than 1980,
yet none produced annual flows of over 150,000 cfs. Both 1941 and 1980 are similar in
that they were both preceded by several years of above average rainfall. In 3 out of the 4
years preceding 1941 and 1980 the recorded annual streamflow levels at the Tijuana-
Nestor gage are among the top 10 largest recorded flows, most likely filling the existing
damns and resulting in limited capacity. During a storm in February 1980 the capacity of
the damns must have been limited, adding to the surface flows and spilling excess water
and producing the greatest peak recorded by the Tijuana-Nestor gage, 33,500 (International

Boundary & Water Commission, TRFCP).

Manning’s ‘n’ vs. Hydraulic Radius

The existing flood control channel is designed to convey flood waters as efficiently as
possible and with the least amount of resistance. The channel cross section has a 230 ft.
concrete lined base with trapezoidal berms on either side of the channel that are 23 ft. in
height with a slope of 2 to 1, horizontal to vertical (International Boundary & Water
Commission 76). The cross sectional area is 6,348 ft*, with a wetted perimeter of 332.83’.
When full the concrete channel therefore has a hydraulic radius of 19.07 ft. USGS 7.5
Minute maps of the area show the slope of the concrete channel as .00066 ft/ft with
15,151 feet of run for 10 feet of rise in elevation. Solving Manning’s Equation for a full
channel, with an estimated roughness coefficient for a trapezoidal concrete channel

of .013 (Chow 59) produces a velocity of 21.23 ft/s. This is verified by dividing the
discharge (Q) for the design flood of 135,000 cfs by the cross sectional area of the

channel (A) of 6,328 ft =VA, | was able to verify that this indeed was the, by dividing the



design flow by the cross sectional area of 6,348 ft? ft producing the same velocity of

21.23 ft/s.
_ C(S°xR®)
n= Vv
C (52x R 1.49 (.00066=x 19.07:%*
Q= VA
_ Q B 135,000 cfs B

Based on previous river restoration projects a roughness coefficient of 0.83 is a
reasonable assumption to use for predicting discharge and hydraulic radius for the
restored river channel (Butler, Nathaniel L. & Nolan, Lindsey 07). An increase in channel
roughness is characteristic of most river restorations and requires an increase in the
channel’s hydraulic radius to convey the design 200 year flood. By keeping the flow,
velocity and slope constant the hydraulic radius needs to be adjust in order to
accommaodate the increase in roughness associated with the river restoration. The
practical effect of this is the need to increase the cross sectional area, allowing the river to

expand into areas that have been built up in the historic flood plain over the last 30 years.

A compound channel design that would allow temporary structures, recreation areas and
vegetation to be planted within the channel would require that areas adjacent to the
existing concrete channel would have to be retrofitted in order to allow flooding during

the 200 year event. This can be achieved in a number of different ways ranging from



removing all permanent structures from the flood plain to designing buildings and
infrastructure that would be able withstand such a flood event.

Conclusion

It is beyond the scope of this term project to predict the cost of retrofitting the existing
flood plain and the ecological and social benefits that it may provide. These would none
the less be valuable to understand. While | have attempted to show how the existing
concrete channel reduces the social livability for the citizens of Tijuana, even more could
be done to quantify exactly how this decrease in livability is manifested and exactly what
the benefits better access to open space and a greater connection to natural systems a
restored river might provide. It is clear that the proposal contained in this term project
may be viewed as radical. To remove millions of dollars in infrastructure and valuable
development land in order to create public open space and a retrofitted flood plain is
almost inconceivable. However, it is not clear which is more radical: the existing
trapezoidal flood control channel and the social and ecological devastation that it
produces; or a retrofit of that channel and the increase in social livability and ecological

service that the Tijuana River could provide.



Refrences

“U.S.-MEXICO BORDER: FACT SHEET” Sponsered by San Diego Association of Governments,
401 B Street, Suite 800San Diego, CA 92101 <
http://www.sandag.cog.ca.us/uploads/publicationid/publicationid_1223 5413.pdf>

“Executive Summary: At the Cross Roads: US / Mexico Border Cities in Transition” Sponsered by
US / Mexico Border Counties Coalition, 601 Pennsylvania Avenue, NW, South Building, Suite
900, Washington, DC 20004 <http://www.bordercounties.org/vertical/Sites/%7BB4A0F1FF-
7823-4C95-8D7A-F5E400063C73%7D/uploads/%7BDDAFF514-AEE4-4BF1-9220-
8F6419EBOOCF%7D.PDF>

United States Census Bureau, 2000 Census Summary File

Consejo Nacional de Poblacion, Situacion Demografica de México

Lynch, Kevin and Appleyard, Donald (1974). “Temporary Paradise? A look at the special
landscape of the San Diego region.” Report to the City of San Diego, Sponsered by the
Marston Family,

National Oceanic and Atmospheric Administration, Precipitation Data: San Diego

United States Geological Survey, Streamflow Data: San Diego

“Tijuana River Watershed: Watershed Overview” Sponsored by Institute of Regional Studies of
California, San Diego State University, El Colegio de la Frontera Norte and Southwest Center for
Environmental Research and Policy http://trw.sdsu.edu/English/WshdOverw/wshOverwFrame.htm

Brown, Christopher Paul (1998). “A watershed and bio-regional approach to transboundary
wastewater management in the Tijuana River Watershed.” Dissertation, San Diego State University,
San Diego, Calif.

Zedler, Joy B., Nordby, Christopher S., & Kus, Barbara E. (1992) “The Ecology of Tijuana Estuary,
California: A National Estuarine Research Reserve.” NOAA Office of Coastal Resource
Management, Sanctuaries and Reserves Division, Washington D.C.

Ganster, Paul., San Diego State University: Institute for Regional Studies of the Californias. (2000)
“San Diego-Tijuana international border area planning atlas / Institute for Regional Studies of the
Californias” The Institute, San Diego, Calif. :

“International Boundary & Water Commission: Tijuana River Flood Control Project (TRFCP)”
Sponsored by International Boundary & Water Commission
<http://www.ibwc.gov/Mission_Operations/TJ_River FCP.html>

“Information Brochure: Tijuana River Flood Control Project San Diego, California” (1976)
International Boundary & Water Commission

Chow, Ven Te, (1959) “Open-channel hydraulics.” McGraw-Hill, New York

Butler, Nathaniel L. & Nolan, Lindsey (2007) “Restoration of Rivers and Streams.” Term Project,
LAEP 227: Final Draft, University of California at Berkeley, Berkeley, Calif.


http://trw.sdsu.edu/English/WshdOverw/wshOverwFrame.htm
http://sunsite2.berkeley.edu:8000/WebZ/QUERY?sessionid=01-33409-2136057854&termsrch-pa%3D=Ganster%2C+Paul*&next=html/resultsframe.html&bad=error/badsearchframe.html&entitytoprecno=1:entitycurrecno=1:numrecs=20:key1=Date:direction1=d:key2=Author:direction2=a:key3=Title:direction3=a:entitynumrecs=20:entityendrecno=20
http://sunsite2.berkeley.edu:8000/WebZ/QUERY?next=html/resultsframe.html:sessionid=01-33409-2136057854:term0=San+Diego+State+University.:operator0=and:index0=co%3D:term1=Institute+for+Regional+Studies+of+the+Californias.:operator1=and:index1=co%3D:bad=error/badsearchframe.html:entitytoprecno=1:entitycurrecno=1:numrecs=20:key1=Date:direction1=d:key2=Author:direction2=a:key3=Title:direction3=a:key1=Date:direction1=d:key2=Author:direction2=a:key3=Title:direction3=a
http://www.ibwc.gov/Mission_Operations/TJ_River_FCP.html

the tijuana river watershed

a case for intervention
naah frisdman
masier of urban design






Q{\ 1I: \_Sh -I
NN
kX s ‘{:\:,

the tijuana river watershed

- largest of 8 watersheds that make up the
San Diego-Tijuana urbanized area
{Tijuana River Watershed Atlas, SDSU)
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= ol = - roughly 1/3 of total population growth in the U.S.
N and Mexico over the last 15 years

- 1974 Tijuana population - 400,000 residents
s ﬁ,_;/’m' - 6 to 7% increase in population yearly
i - 2008 Tijuana population - 1.4 million residents

- 2008 San Diego population - 2.9 million residents
{US Cenaus. CANAPD)
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1916 flood - Tijuana
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the tijuana river watershed
Tijuana National Estuarine Research Reserve, San Diego
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precipitation vs. streamflow
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