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(1) Introduction

Water is one of the vital life forces of our planet. In the disproportionately, densely
populated state of California, the scarcity of tl@source cannot be ignored. California’s current
mosaic of water rights, governmental institutions, and technological infrastructures have
constituted and may presently constitute systematic gridlock. In light of this issue, the purpose
of this project is to investigate via |.E. anasy€alifornia’s historical and current demographics,
legal constructs, technological innovations, economic concerns, environmental impacts, and
conservational approaches to water transfers in order to determine the current extent of gridlock

within this state.

(2) California Ecology and Natural Water Distribution

The great western state of California haddsigh population of different people today.
Southern California boasts its beautiful and warm weather, which attracts many people to
migrate and settle here. Many immigrants move from Mexico while others migrate from other
parts of the United States. However, the highest concentrations of residents occupy the southern
part of California. Why is the distribution this way? Maybe it's because of the weather or the
natural topography of California itself placing restrictions on where people live. It may even be

that people locate where jobs are available.

Californiais natural landscape

In describing the natural composition of California, Schoenherr described that there are a

chain of mountains (Cascades, Sierra Nevada, Transverse Ranges, and Peninsular Ranges) to the



east of a vast desert. Then there is the Great Basin, which includes the Modoc Plateau and
extends southward to Owens Valley. Laying to the south of this basin is the Mojave Desert and
even farther south is the Colorado Desert (Schoenherr, 1992). In addition to these mountains are
two main rives which provide fresh water, there are many smaller rives, streams and lakes in

California (refer to map 1).

With these natural barriers throughout California, it is easy to imagine that there are
certain areas that are unfit for habitation. With many mountain ranges in the north, a huge area
of land is taken up and thus, little is left for humans to occupy. As a result, people have taken
advantage of the open areas in the south. However, humans are not the only ones affected by
this supply of fresh water as many plants and animals also depend upon water resources in order
to thrive. As described by the National Research Council, many “ecosystems depend upon
healthy wetlands, riparian areas, and estuarie392:52). They further mention that the transfer
of both surface and groundwater may have significant impacts on ecosystems. These ecosystems
are usually located in narrow bands along river corridors (1992). In the process of transferring
water over the years many ecosystems have suffered as most of the water resources are
reallocated for human use. The natural systeatsoitice shared water with the rest of California
are now at a loss since the demand is greater in urban areas where human activities have

intensified.

It is interesting to note that most of the fresh water supply is found in the north (in the
mountains) with lots of precipitation where as ia gouth the water supply is less. This is due to

the fact that there is more evaporation and transpiration exceeding precipitation in the south



(Schoenherr, 1992). Some regions receive as little as 4 inches of precipitation per year while
others get more than 60 inches (Haddad, 1999). It is safe to assume that regions in the north
receive more than 60 inches while the southern regions survive with only 4 inches each year.
California is basically split into two parts when it comes to rivers supplying water. Southern
California which lies south of the Tehachapi Range of mountains (south of Central Valley)
receives fresh water from the Colorado River and streams emerging from the east of the Sierra
Nevada. North of this area is Northern California, which rests within the valleys of the
Sacramento and San Joaquin rives. These two rivers meet in the vicinity of Stockton and
continue north toward the North Pacific Ocean (Roos, 1948). The problem then exists where the

south is in need of more water supplies in order to sustain its large population.

Climate and weather

The reason for such a distinguished pattern in water supply between northern and
southern California is due to several factors. There are ocean currents, moisture, and landmasses
that contribute to precipitation levels in Califica. Schoenherr explained that during summer in
southern California the land is warmer than the ocean due to changes in air temperatures. As a
result, air blows from the oceans onto land carrying moisture. This moisture dries out in the
south but not in the north because the land is much cooler. Consequently, more precipitation
occurs in the north (about two-thirds) more than the south (1992). As explained above, northern
California receives substantially more precipitation than southern California (refer to map 2).
Because California stretches over a large area from north to south, its overall climate pattern
differs. Furthermore, Southern California receives less rainfall because it's dryer due to onshore

winds.



Local topography can also influence climate. Topography refers to the relief of an area,
which includes mountains, valley and deserts. In California there are many mountain ranges,
deserts and valleys which effect local climate. As a result, there is this notion of the rain shadow
effect. This is where air masses with moisture from the ocean rise over the Sierra Nevada and
cause precipitation (Schoenherr, 1992). As the air mass rises, it cools and condenses into water
vapor and eventually forms into precipitation. By the time this air reaches the other side of the
mountain, Schoenherr further stated, it is heated as it descends and evaporates. Thus, the Owens
Valley is the rain shadow of the Sierras (1992). This rain shadow is important to California as it
explains the distribution of precipitation throughthe state. The eastern sides of the mountain
ranges collect more precipitation than the western lying areas of the mountains. These areas are
usually deserts and thus the formation of the Great Basin Desert. This precipitation pattern
certainly comes into play when discussing the issue of water. This is so because some areas will

be more readily supplied with water while others will require transfers.

Groundwater

Just as the main rivers in California are important in supplying water to northern and
southern Californian, so is groundwater. This natural storage of underground water is a major
source of water for Californians. In fact, the state’s groundwater amounts to 850 million acre-
feet and presently account for 30 percent of water use. Groundwater is stored in aquifers that are
permeable layers that transmit and hold water. Aquifers are confined when two impermeable
layers of rocks enclose them, or unconfined where the layers above it are permeable (Dzurik,

1997). However, more groundwater is utilizheting drought periods (Hundley, 2001). The



problem is that most of this water is consumed for many purposes and thus, exceeding the rate of

recharge. As a result, most of California’s groundwater is diminishing.

Groundwater is not equally distributed throughout California. According to a map
showing the distribution of groundwater (McClung, 2000), most of this water is found in the
Central Valley (refer to map 3). Consequgnthost of this groundwater is developed or
extracted. There are some basins in the southeast that are undeveloped. The most developed
basin according to this map is one where over 10maf of water is being pumped. Others are being

utilized at 1-10maf while others are developed under this and some are unaccounted for (2000).

In order to compensate for these diminishing groundwater basins, recharge is vital to
maintaining their levels. Recharge “occurs whenever precipitation or surface water infiltrates
downward throughout the soil and water table (National Research Council, 1997: 33). Recharge
can also occur by subsurface lateral flows that reach aquifers (National Research Council, 1977).
This means that recharge is a natural process accommodated by precipitation that seeps into the
soil and reaches the water table. Without this natural recharge, ground water will continue to
deplete and diminish in California. However, recharge can be artificial by “deliberately filling
depleted underground basins with water” (Cooper, 1968). It might be in the best interest for
Californians that groundwater recharge be carried out because of its history of droughts. Since
30 percent is used up, it is vital that the aquifers are kept in a balanced state where extraction
equals recharge. Cooper explained that this artificial recharge has been practiced in California
since 1895. In order to conserve water, gravel quarries, which are ideal areas for recharge, are

targeted and used as recharge areas. The area is usually widened and leveled by bulldozers. The



gravel may be removed and replaced with low ridges so that the water can spread over the entire
basin equally. Groundwater recharge has been prevalent throughout Southern California where

groundwater supplies have been greatly depleted (Cooper, 1968).

Californians have recognized that the grounéwatipply can only last for so long. As a
result they have invested in groundwater recharge since the late 1800s. This reflects a state that
was utilizing and developing its groundwater resources since the 1800s or even before this.
Since the Central Valley holds most of this groundwater, development might have begun here
and then spread to other areas where groundwater is also found. With regards to recharge, gravel
areas have served as the best places as theyeaggermeable to surface water. This process of
artificial recharge is essential for California because of its known drought periods. Furthermore,
there is less surface run off since most of the water is directed for many purposes such as

industrial, urban, agricultural and households uses.

Drought and flood cycles

It is difficult to conceive California as agule where floods occur. In fact, California has
seen its share of floods and droughts. Thide of droughts and floods fit perfectly with
California’s climate cycle —wet and dry. The entire state of California has experienced drought
periods for many years now. Here are the drought cycles as described by McClung: In 1862—
1864 this drought ranged from San Joaquin to San Diego where many cattle died ending the
industry; 1869-1870 many crops failed to sprout and grass dried up in San Diego and the cattle
were sent to the mountains in search of food; 1877 a severe drought affected San Diego; 1895-

1905 Los Angeles use of water was greater than the local supply from the LA River, drought



conditions forced rationing of water for park ponds and sprinkler systems, this also led to the
development of the Los Angles Aqueduct; 1898-1899 the reservoir behind the Sweetwater Dam
in San Diego dried up; 1923-1924 this drouglarked interest in Southern California to

develop the Colorado River; 1943-1951 this lasted about 3 to 4 years in the Central Valley and
Northern Sierra Nevada and 6 to 8 years in the rest of the state; 1976-1977 this was a short and
severe but one of the deadliest drought ever; 1987-1992 a statewide drought that fostered long-
term water conservation as water suppliers encouraged the use of low-flush toilets and low-flow

shower heads (2000).

With regards to floods in California McClung outlined the years when California
encountered excessive rainfall. Back in January 9, 1850, the Sacramento River inundated the
city of Sacramento. This encouraged the construction of levees along the Sacramento
floodplains. The Salton Sea in San Diego was formed in 1905 when the Colorado River made a
new channel through the Imperial Valley and filled in an old seabed. In January 1916, torrential
rains in San Diego over flew the Sweetwater dam resulting in the death of 14 people. Following
this in December 1955, one of the biggest floods ever in the Sacramento Valley killing sixty-four
people, destroying property and farmland. Then in 1972, the San Joaquin River cut through a 75
feet deep levee and flooded the city of Isleton and the islands of Andrus and Brannan. Recent
floods include those of 1995, 1997 and 1998. These floods were the worst in four decades after
eleven days of heavy rainfall throughout California. Many properties (23,000) were damaged,

300 square miles of farmlands lost and nine people died (2000).



It appears that California has seen more drought years than those of floods.
Unfortunately, Southern California undergoes nanaughts than that of Northern California.
However, the opposite stands for floods as the San Joaquin and Sacrament valleys have seen
more floods than other areas. These cycles are important and vital to California because they
determine how much water is available for a growing and expanding state. Also it is essential in
determining where water needs to be allocated and transferred. Because of long periods of
droughts, many projects have been developeddar to distribute water throughout the state

and floods have led to more dam construction like that of the Central Valley Project.

Population projection over the next 25 years

California is a growing state that is expanding economically and in population. As the
years wander by, its population will continue to increase significantly. However this population
increase is not just due to increases in natural birth rates but because of migration. Many
immigrants both legal and illegally locate here from across the border. In California, especially
Los Angeles has seen a huge influx in Latinos over the years. In years to come, as California’s
population continues to increase, both aggregate demand and pattern of use of water will change.
In the next 25 years ahead, California will experience a significant jump in its population. This
projection includes the four main racial grohites, African Americans, Latinos and
Asians), which comprise the state’s population. Research done by the United States Census

Bureau http://www.census.gov/population/projections/states/stipgpestimated that by 2005

there would be about 34,441,000 residents in Caildor That will be an escalation from 2000
when there were 32,521,000 residents. The future populations would be as follows: in 2015 and

huge increase to 41,373,000 and in 2025 an amazing increase of 49,285,000 residents.


http://www.census.gov/population/projections/states/stipop.txt

Population increases like these will have serious implications for California because the
state will have to accommodate and cater to the needs of its population. Will California have
sufficient water for all its residents? Mostly likely there will be a ration for water because those
areas with more economic power will argue that #w&ymore in need of water. According to
Haddad, more water will need to be reallocated to the areas with the most growth and demands
(there is also an increase in industry, office space and golf courses). The years ahead will see a
shift in water from agricultural to urban uses since most cities are now 70 percent urbanized.
Back in the early 1990 most of the state’s water (80 percent) was allocated for agriculture while
only 16 percent went to urban uses (1999). It is clear where most water will be transferred to in
the years ahead. But the question remains where in California is there most growth? This will

determine where exactly in the state the demand for water will be greater.

It appears that Southern California is yearning for more and more growth. As Gold
explained, this “Inland Empire” is open and welcoming to growth at any cost. This means that
even if there is an increase in smog and traffic, Southern California is willing to accept growth.
He further mentioned that Riverside and San Bernardino counties are two of the fastest cities in
California (2001). Consequently, future plannargl polices will have to be cognizance of the
fact that the south is growing at fast rates and will require excess water. If this state is not
careful there might be a divide between the two Californias (north and south). Since most of the
water exists in abundance in the north they might someday claim full ownership to that water and
refuse to share with the south. What will be done about this water situation? Only the future

will tell the fate of California’s water problem.



(3) Historical Relationship Between Humans and Water Needs

Part |

Shortly after the state of California joined the Union, the federal land-disposal programs
encouraged the westward expansion from the original colonies of the East Coast. This was
initially thought to promote the growth of the rugged West and of the newly formed state of
California. The government’s original idea was to create a nation of farmers with cheap and
accessible land. This brought about the overwhelming problem regarding the need for water to
supply this newly formed agricultural community in an area that was predominantly arid.
Throughout California’s history, battles have been waged over who gets how much of this
precious resource. The fundamental controversy surrounding California's water is one of
distribution, over both distance and time, combined with conflicts between competing interests

over the use of available supplies.

The historical control of California’s important natural resource, water, would fall into
what was called the California Doctrine. Outlining the ownership of water would be two
different traditions of the California Doctrind.he first was called Prior Appropriation where
the ownership of the water was based on the comééfitst in time, first in right.” The other
type was the Riparian Rights, the concept allowed ownership of water for individuals living next
to river sources. These occupants of stream banks are allowed to do whatever they please with

the water as long as they do not alter the course of the river, reduce the volume, and pollute the



resource (Pincetl, 1999). Both of these early approaches to water ownership achieved little in

solving the problem of water control.

The first organized plan for water development in California took place in 1887 with the
passing of the Wright Act, which brought about the formation of irrigation districts. Focusing
primarily on their own well being, each district with their own agenda regarding water found
themselves competing with each other. The irrigation districts were the beginning of the

decentralized and uncoordinated system of wasteful water utilization (Pincetl, 1999).

In the beginning of the 1900’s, there was an increase in the federal presence in water
management in California. Due to the severe increase in need of water management, the
Newlands Reclamation Act of 1902 was passed. This act was the response to the need for large-
scale and coordinated water development in the West, specifically in California. The act showed
great promises for the people regarding the equal distribution of water but the reality was that

nothing was accomplished or built to alleviate the problem.

The growth of the state of Californiatime 1900’s brought great changes to the rural
landscape with the increase in irrigation and development of urban centers such as San Francisco
and Los Angeles. The use of the natural resource, water, was pushed by the vigor of the politics
of the time, Progressivism. Progressivism was the focus on the decentralization of the
government and returning the power to the local municipalities. It was also this idea of anti-

metropolitan thought that compounded the sprawl of the suburban home communities. This also



placed the distance on the social class, race, and even nationality regarding the issue of water

usage.

In 1905, the city of Los Angeles filed for water rights on the Owens River in the eastern
Sierra Nevada, 250 miles to the north. A grayyopulation and a series of dry years were
creating a serious water shortage for the city. According to the Municipal Water Bureau, the
normal supply of the Los Angeles River was capable of supporting no more than 220,000 people.
In 1907, William Mulholland, the Bureau's chief engineer, began work on a 233-mile aqueduct
capable of delivering four times more water than the city required. The Los Angeles Aqueduct
was completed in 1913 under the leadership of Mulholland and Joseph B. Lippincott, head of the
U.S. Reclamation Service in Southern Californt&ed Eaton, a former Los Angeles mayor, is
credited with conceiving the idea of the agueduct. On November 5, 1913, the first Owens River

water arrived in the San Fernando Valley (Water Resource Center Archive, 1997).

In the early 1920's, Los Angeles began investigating the Colorado River as a possible
source for water. A drought and expanding population had placed a strain on existing supplies.
Building an aqueduct from the Colorado, however, would require more resources than the city
could muster. In 1928, Los Angeles joined with several other communities also seeking more
water to form the Metropolitan Water District of Southern California. Over the next decade the
District obtained voter approval to fund thject, and constructed a network of pumping
plants, reservoirs, and canals to bring w&tem Lake Havasu, behind the Bureau of

Reclamation's Parker Dam, to the coastal plain. Deliveries from the Colorado River began in



June of 1941. San Diego completed its connection to the aqueduct in 1947, with water arriving

in the Coachella Valley two years later (Water Education Foundation, 2001).

In 1919, U.S. Geological Survey employee Robert Bradford Marshall published a
pamphlet urging Californians to solve their water problems by shipping water from the
Sacramento River to the San Joaquin Valley. gtas attracted wide public interest, and during
the 1920s, the Department of Public Wokksgineering and Irrigation Division developed a
State Water Plan, which called for a dam on the Sacramento River above Redding and pumps to
send water from the Sacramento/San Joaquin Delta into the San Joaquin Valley. The Legislature
and voters approved the $170 million plan in 1933 beguse of the Depression, the state could

not market the bonds needed to build it.

When it became clear that California could not build what had come to be known as the
Central Valley Project (CVP) on its own, the state turned to President Franklin D. Roosevelt. In
1935, an emergency relief measure was passed which allotted $20 million for the Bureau of
Reclamation to begin work. Construction on Shasta Dam and Friant Dam was completed in
1945 and 1944 respectively and, along with canals and a pumping plant at Tracy, formed the
basis of the project that became operational in 1951. The CVP brought water from the north to
the southern sections of the state thus reducing the amount of water available to the wetlands.
This brought drastic changes to the ecosystems of the north because the existing area was unable

to nourish and replenish it's own supply of water (Water Education Foundation, 1998).



In 1956, a special session of the Legiskatcalled by Governor Goodwin J. Knight,
created a single State Department of Water RessDWR). It replaced the State Engineer's
Office, the Water Project Authority, the State tdfaResources Board, and the Division of Water
Resources of the Department of Public Works. The Department's original focus was on
delineating California's water problems, forecasting future water supply needs, and evaluating
existing water resources. With this new department in place, the focus was on areas of
California that previously was without significaarhounts of water to be able to receive water

(Pincetl, 1999).

In 1957, the Department published the initial California Water Plan (Bulletin no. 3),
which presented preliminary plans for developing all of the state's water resources. Bulletin 3
became the foundation for a series of water plan updates, known as the Bulletin 160 series. The

updates have been published six times between 1966 and 1994.

The Department's responsibilities have expanded to include flood control, design and
construction of water facilities, dam safety for more than 1,200 dams statewide, local assistance
projects, water management strategies, water quality improvement programs, and water supply

data collection and studies (Water Resource Center Archive, 1997).

The 1970’s saw water project proposals State Water Project headed by Governor
Jerry Brown such as the Peripheral Canal to fulfill the need of water for the people of California.
Issues such as water quality and ecosystem protection were assured in these projects but the

project failed like the previous projects due to the strong opposition of the major stakeholders.



These stakeholders are part of the overwhelming large business landholders with major
persuasion power in the politics of the state running virtually a monopoly regarding the use of

water.

Part 11

First human water needs in California wénese of the Spanish missions in the XVIII
century. Agriculture has been very importamtCalifornia economy. However, rainfall is not
adequate. So, crops must be irrigated. In general surface reservoirs and ground water basins
should provide enough water to meet necessities in California.

Water for irrigation took high importance, as California turned into farming. As
Agriculture necessities and urban necessitiesw it was necessary a program of water
importation. Abundant Ground water resources historically helped to establish flourishing
agricultural industry.

Major cities such as San Francisco and Rageles were the in the region that needed
major supply of waters. At the beginning oftlacentury major aqueducts were built for San
Francisco and Los Angeles. Meeting the wateed of growing population had involved and
involves different management approaches. (Bulletin 160-83)

Overdraft of a ground water basin occurs when the amount of water pumped exceeds the
amount of recharge water. Significance overdnaf$ been overcome mainly during the last 50
years. Overdraft has caused sea water to intmidspastal basins in some areas. This has
affected the quality of water causing salinity. Sdmsins on California maybe in overdraft that

has not been studied. Most oktivater of overdraft is used for agriculture. Overdraft cannot be



economically replaced because pumping cost become excessive. The increase of pumping cost
affects all ground water users. Moreover excessigrdraft may cause others adverse effects:
degradation of the quality of water produced.

Fist overdraft experience was in California in the 20’s. In addition to water quality other
problems has been associated with overdrafh &s land subsidence. (Bulletin 160 —87). First
time cost in pumping were increased because afdoak occurred in the 40’s. In the 50’s water
level began to recover, but because of new urban areas overdraft return. In the 70’s water level
rises again. In some areas overdraft has ble@mated but in other like the desert. The portion
of annual overdraft has been reduced in theyaats considerably. It is consider that in the
future overdraft may be reduced as more irtgzbrwater become available. In other areas
overdraft has reduced as the cost of water pumping has increased. (Bulletin 160-87).

In the 40’s California began to implemetite first programs to protect its water
resources. Biological pollutants and “saltsorfr reaching unacceptable levels were main
concerns. ( Bulletin 160 —87).

Water quality has turned a very importasgue in recent years. Pollutants of ground
waters are some pesticides capable ofing through the soil. Ground water pollutants may
remain for many decades. Programs for correct and prevent this pollution has been implemented,
even they have to continue. Of ground water gdiyar@her that surface waters related to sea in
mainly. ( Bulletin 160-83)

The drainage problems has become the fonéfof water management issues. Reducing
drainage impacts will be improved irrigatiagfficiency. A number of factors are causing

agricultural irrigation efficiency through theast: higher water cost, drainage problems and



competition among farmers. Any increase in omdfarrigation or water use efficiency is
considered water conservation. ( Bulletin 160-87)

Agriculture water use is determined bytend of irrigated region, the crop mix, and the
irrigation efficiency. Urban water use is &ihd of water use except crop irrigation and in
stream recreation. Some amount of water is lefbre delivery to users. Efficiency of this
process is an important key in the conservatbmater. There are two general categories of
water supply: those who deliver water to thieeotusers ( public water agencies, private entities)
and self-supplied water users.

There is a tendency to reduce per capita urban water consumption in California. Urban
water use in determined by may factors sash housing density, water using appliances,
persons-per-household, mettering , water cost and urban development. Others waters uses as
energy production urban parks and recreational dhedsneed to be irrigated depend in others
factors. ( Bulletin 166-3).

Major droughts periods in California has brougptconcern about more efficient use of
water. Important part of after @sn California is used to irrigated parks, commercial landscapes,
athletic fields and others. Reducing the amoaintvater applied to this kind of recreational
resources is an important step also. Tharee landscape water conservation programs dealing
with this.

From the 60’s on wildlife, and scenic vaduis gaining importance in California. The
public Trust Doctrine in 1983 has shift and reinforced environmental preservation in the sake on

public interest. ( Bulletin 160-87)



(4) Infrastructure

The basic collection, storage, transport and treatment of water for a region or state
include a complex system of various components and facilities. A waterworks system must
include a source, an intake, an agueduct, treatment plant, pumping station, and storage tanks or
reservoirs. The source may be a natural or man made lake, river, ground water, or a reservoir.
An intake simply refers to the opening or grating strainer through which the water passes from
the source to its next destination. Where the intake is placed depends on several factors such as
the type of source (lake, river, or reservoirpttheof the water, possible sources of pollution, and
the presence of floating material such as ice, logs, and vegetation. Aqueducts, pipelines, or open
channels are used to convey the water and each have different advantages, disadvantages, or uses
depending on the criteria for given project. Treatment plants are needed mostly for water from
surface sources and pumping stations are needed when gravity alone is unable to generate
enough head, an engineering term used to describe hydraulic energy and similar to the concept of
pressure, to force water through needed destinations. This is a particular issue in California
which its mountainous topography and elevation changes and represents a large energy
requirement. Storage tanks and reservoirs store water for emergencies or for later use. Finally a
lot of electricity is needed for running and operating water systems and hydroelectric power is an

important contributor to the workings of a water project.

The California State Water project (SWP) is one of the largest water and power systems
in the world and serves as a good example of the immense array of technologies, facilities, and

infrastructure that goes into a water system. The SWP consists of 61 facilities spanning almost



the entire state as far north as Antelope Lake in northeastern California and as far south as
Riverside and also includes one facility in Las Vegas Nevada. The SWP includes 32 storage
facilities which reservoir a total of 5.8 million adeet of water and with canals and pipelines
extending over 660 miles. The SWP also includes dams and hydroelectric power plans and is
managed by five field divisions spanning th&stwhich are responsible for the operation and
maintenance of the 61 facilitates. The California Department of Water Resources (DWR)
operates the SWP and oversees repairs, maiisa or new construction to any of the SWP
facilities. The water provided by the SWP serves more than 2/3 of California’s population 70%

going to urban uses and 30% to agricultural users (Tokita, 1999, pg 6 and pg 16).

Dams represent one common structure for capturing, reservoir water and can also be used
for harnessing electricity by letting the controlled flow of water turn turbines. The SWP operates
23 dams and each are of the three types: zonedfdélaghrth fill, or concrete gravity. Earth fill
or rock fill type dams are the most common of all dams and are formed by a mound of tapering
material from a broad base to a narrow edge. A homogeneous earth fill dam is constructed of
only one type of material and a zoned earth fill dam is composed of zones of selected material
where the permeability of the material increases to the upstream or downstream face of the more
impermeable core material (Tokita, 1999, pg 181 and Cooper, 1968, pg 389-390). Oroville Dam,
the largest earth fill reservoir in the SWP and the while U.S. is 770 feet tall, and has a maximum
operating storage of 3,537,580 acre-feet. A gravity dam is characterized by a mass of solid
gravity that slopes outward and is generally sehra arched p stream. Another dam type, also

made of concrete, but not as thick, is the concrete arch dam, sometimes known as an eggshell



dam. These dams use the arch principle to support the weight of the water by transmitting the

stress through the arch into the side of abutments or down into bedrock.

All reservoirs or dams must also have fairly impervious bottoms to avoid the loss of
water through seepage. All dams must also have a spillway to control overflow when the
reservoir is full to the brim. A common problem that all dams eventually face is that of siltage or
the filling up of a dam or reservoir with silt. All dams or reservoirs are in a way “doomed” with
this fate. Another serious problem all open reservoirs have to deal with is evaporation. This is
particularly true for reservoirs or lakes in hot climates. For example it has been calculated that
Lake Mead in the Colorado River loses a depth of about 8 feet of water a year. Reservoirs in
cooler climates and with less exposed surface area are less susceptible to evaporation and are
therefore more “ideal”. One possible technological solution to this problem could be the
application of synthetic chemicals to form a film over the waters surface to prevent evaporation.
Thousands of acre-feet of water could be saved weanhif this could be applied to the surfaces

of waters around the state (Kahrl, 1979).

In addition to dams, or lakes serving as storage areas, some other man made type
reservoirs are used for storing water, especially after it has been treated and is ready for human
use. Storage may be carried out in various forms and with a variety of materials from. Water
can be stored in earthen, steel or concrete reservoirs located on high ground or in steel tanks
raised above ground, called standpipes. Standpipes play a dual role of water storage and
providing water pressure in delivery systems. Another more “natural” alternative to water

storage is to replenish groundwater and use aquifers as storage locations. This is a very



attractive alternative because it removes the problem of water loss through evaporation and

avoids the increasing costs of other storage faculty types.

In order to distribute water it must often be manually pumped, especially when gravity is
working against the flow, which is often the case in California with its many hills and mountain
ranges. Pumping plants may also simply be used to deliver water to the cities or regions. For
example, several pumping stations extend from the California Aqueduct and take water to
various distribution plants for municipal distution. Other pumping plans along the aqueduct
may simply be sued to move the water along elevation changes. For example, the Buena Vista
Pumping plant off of the California aqueduct, 24 miles southwest of Kern County is one of the 4

pumping plants designed to move California aqueduct water across the Tehachapi Mountains.

Getting water from where it occurs or where it is stored to where it is needed is the
primary objective of any water works system. There are 3 primary ways which water can be
conveyed from one point to another and this is through pipelines, open channels, or closed
conduits, the latter always being used for water that has already been treated. Pipelines used for
transporting water are always circular, a shape, which best withstands the various stress pipes
must be able to withstand. Characteristics ping material that are most important are strength
to withstand stress caused by freezing, thawing or unstable earth conditions and high internal
water pressure. The interior surface must also be non-corrosive and smooth to limit resistance
and increase flow. Pipes may be made of reinforced concrete, asbestos cement, iron, steel, or
plastic. Iron pipes are extremely durable but are prone to corrosion. Steel pipes have advantages

in prince and high strength, even at lower thick nesses. Concreie pipde by wrapping high-



tensile strength wire around a cement mortal lined cylinder of steel. An asbestos cement pipe is
composed of a mixture of asbestos fiber and cement, which has a very smooth inner surface and
therefore very good hydraulic characteristics. Plastic pipes, usually polyvinyl chloride,
polyethylene or polybutylene, is most commonly used in domestic plumbing and in water
distribution systems. The large facilities of /P use a variety of pipe types depending on the

characteristics of the site but many are lined concrete or steel.

The California aqueduct is one of the most formidable examples of an open surface canal.
It and its various branches represent over 600 miles of channel (Tokita, 1999). The cross section
of the canal is trapezoidal with side slopasying from either 2:1 or 1.5:1 along different
portions of the aqueduct. The canal is concrete lined which aids to reduce friction and therefore
pumping costs, and also limits seepage and eases maintenance. Although open canals are an
easy and convenient way to transport water, they are not always the most efficient. Through
seepage, such canals can lose between 30 to 50% their water
(http://www.pn.usbr.gov/project/wat/programs/canal/). Compacted earth, reinforced or
unreinforced concrete, and buried geomembranes are some of the more traditional canal lining
materials but the United States Department of the Interior’s Bureau of Reclamation has
developed a Canal Lining Program to studies asidaiéernative canal lining materials that could
help reduce water loss and possibly even cost less. The alternative materials include
geosynthetics, shotcrete, grout-filled mattrasses, soil, elastomeric coatings, and sprayed-in-place

foam.



California has an extensive supply of ground water and pumps more water from the
ground than any other state (Kahrl, 1979, pg 68). Groundwater is often of better quality then
surface water sources and is generally cheaper to extract for use. Wells are constructed to extract
water for use and may be classified as either shallow or deep. Shallow wells are those that are
less than 30 meters deep and are not usually used for municipal supplies since the aquifer’s
supply may fluctuate considerably. Cities genergdlytheir water from deep wells and these are
usually constructed from one of five methotlee standard, Californian or stovepipe, rotary,

jetting or core drilling method. The method used is dependent on the nature of the aquifer.

The great potential for producing electriciile controlling and diverting power was
realized early on in California’s history. Initially hydropower developments tended to be built
and operated for the single purpose of power generation but in time water planners realized the
potential of combining hydroelectric sales with water projects and using revenues from
electricity generation to help cover the costs of building the projects. Today, projects such as the
SWP and the Colorado River agueduct use more energy than they produce, however the energy
that they do produce does helps to take some of the strain out of the massive energy requirements
needed to run the water projects. The SWHRiahes 8 hydroelectric power plants and one coal
fired plant, which provides about 75% of the electricity needed to cover the energy requirements
of the SWP. In total the power plant®guce an average of 7.6 billion kilowatt hours of
electricity representing the state’s fourth larges energy supplier in California (Tokita, 1999, pg
18). The annual power requirements are about 12.2 billion-kilowatt hours. The Edward Hyatt
Power plant in the Oroville field station of the SWP is an example of a pumping generating

hydroelectric facility. Such a plant has reversible turbines that can be used to pump water or



generate electricity. A facility like this pumps water from a tail water pool (where water collects
downstream of a hydroelectric structure) te beadwater pool (the pool upstream from any
hydraulic structure) where the head or pressure is created that is used to produce energy. The
head pool, in the case of the Hyatt power plant is Lake Oroville. The water goes from the lake to
the generating units through pressurized pipelines 22 feet in diameter called penstocks, which go
from the intakes to the power plant. After going through the generating turbines the water

discharges to the tailrace tunnel.

Another critical aspect of a water system is the treatment facilities, which ensure that the
water is suitable for human use and consumption. The type and level of treatment that water
must go through depends largely on the source. In general, well water for example, may have
high concentrations of minerals while water in lakes and other storage type facilities may have to
be treated for algal growth. Sewer treatment is also an important aspect of municipal water
systems. Sewage, before it can be released into the environment must be treated to a certain set
level. There are three classifications levels for water—primary treatment, secondary treatment,
and tertiary treatment—each level more pure than the one before. The EPA requires at least
secondary treatment before wastewater can be discharged into the environment. More extensive
treatment of water, however, can be an important method for water conservation. That is, when
water is treated to the point where it can be used again for human consumption. So-called water
reclamation is something currently being explored in California and can be important for
conserving water and decreasing the need for further developments or water transfers. In 1977
Governor Edmund G. Brown Jr. established tlfifec® of Water Recycling with the hope that it

would increase the amount of reclaimed water in use. Before that time, only about 190,000 acre-



feet of water was being reclaimed a year (Kahrl, 1979, pg 100). May 2000 a survey done by the
Office of Water Recycling showed that nd@2,000 acre-feet of reclaimed water was being
used from 234 treatment plans. This reclaimed water is used primarily for such things as from

irrigation or industrial uses.

(5) Water Rights, Law, and Current Legislation

The population in California is rapidly risingreating an increasing demand for water.
This increasing demand, combined with a lack of clear legal guidelines has led to gridlock. By
the early 28 century, the California courts had issued more decisions on water disputes than any
other topic. Dealing with the growing needs of an expanding population will require California
to reexamine its water use laws. To understand California water law, it is important to

understand its history.

A major component of California water law is the common law doctrine of riparian
rights. The riparian doctrine, adopted in 1850arantees the owner of land containing a river,
full access to the river, minus a small amount taken by those upstream for “natural uses” or
domestic needs. For “artificial uses,” defined as irrigation, commercial herds of stock, or
industry, the users right is reciprocal and correlative with the rights of all other riparians along
the stream. According to this doctrine, property ownership solely determines ones right to the
use of a stream. However landowners weregin@n ownership of the stream and could not

impair the rights of other stream users.



The thousands of gold miners who poured into California in 1849 acted on the
assumption that natural resources, like gold and water, were free for taking. They established
their own self-imposed regulations, which dictated that the person with the best right to water
was the person who first appropriated it to his own use. In 1855 the State Supreme Court made
these principles into law, which became known as the doctrine of prior appropriation (Engelbert,

1982).

Prior appropriation refers to the process by which water users acquire ownership of water
rights by diverting water from a source and using it. Others could appropriate water from the
same stream, but priority went to the first user. In times of drought, latecomers would be the

first to lose water.

Prior appropriation allows water users to transfer their water rights without selling the
land. It took water rights away from the land making them personal property. In 1859 the
California Supreme Court ruled, “The ownership of water as a substantive and valuable property,
distinct, sometimes, from the land through which it flows...may be transferred like other
property.” The prior appropriation doctrine aldlmaed users to diminish the flow of a stream

or change its course.

Appropriative rights and riparian rights constitute the basis of California’s water law
system. However conflict between appropriative rights and riparian rights was inevitable. In
1886 the State Supreme Court instituted what is known as the California Doctrine. It reaffirmed

the riparian principle but also recognized the legitimacy of prior appropriation. The appropriator



possessed the superior right if he began usirignefore a riparian landowner had acquired his

property.

There are legal uncertainties, which continue to frustrate planning, investment and use of
water, which stem from appropriative rights. A referendum initiated in 1914, requires all new
appropriators to secure a state permit for a specific quantity of water, but does not place this
requirement on earlier appropriations. Today the authority to issue state permits resides in the
State Water Resources Control Board. It is estimated that half of California’ s water system
depends on appropriative rights and that about 25% of those users are unrecorded due to pre-

1914 appropriations (Schiller & Fowler, 1999).

Another problem stems from the indeterminate quantity of riparian rights. Except for in
the case of a few streams, the riparian owner’s claim has not been fixed at a specific volume of
water. Instead the law says that a riparian user is limited to an amount of water that does not
interfere with other users. This poses a serious obstacle to planning. Riparian rights should be

guantified to reduce uncertainty.

In 1928 an amendment was passed to the state constitution, which prohibits any
unreasonable use of water. The legal test of a right, riparian or appropriative, became
“reasonable and beneficial use,” a principle that remains “the central theme of modern California
water rights law.” A problem stems from the fact that there has been a considerable amount of

debate and litigation over the meaning of “reasonable” (Engelbert, 1982).



California law governing ground water developed more slowly than surface water. This
was because initial interest was in surface water, which is more easily acquired. In 1903, the
State Supreme Court passed the “correlative” rights doctrine. The court held that the right to
subterranean water belonged to the owner of the overlying land. If there was more than one
landowner, they each had a right to a reasonable share of water. Neither possessed a prior right,
but both had a correlative right to the water. Surplus water could be transferred to others on an
appropriative rights basis. Courts have interpreted the correlative rights doctrine differently,
resulting in uncertainty over California groundwater rights. Secure groundwater rights are

important because they protect against overdraft.

In 1949 the State Supreme Court created the doctrine of mutual prescription. Through
this doctrine, prescriptive rights were awarded to every groundwater user, and the Court
determined the formula to be followed in establishing the quantity of each users right. This
formula was based on the users highest five years of pumping. After this was determined, the
uses of each user were reduced proportionately until total extraction equaled the safe yield for a
basin. The doctrine of mutual prescription has been problematic because it made water users
attempt to establish their water uses at as high a level as possible. Subsequent court decisions
and legislation have put some limits on groundwater use, but in many parts of the state

individuals are free to pump groundwater without restriction.

40% of California’s water supply comes fragroundwater. The overuse of groundwater
is rampant and has been described as a “tragedy of the commons.” Overdraft of groundwater

supplies averages more than two million acre-feet annually (Ashley & Smith, 1999).



Laws governing the use of groundwater have proven to be ineffective. “California’s
groundwater,” noted the Governor’'s Commission to Review California Water Rights Law, “is
usually available to any pumper, public or private, who wants to extract it, regardless of the
impact of extraction on neighboring groundwater pumpers or on the general community.” The
impacts of extraction include costly litigation, threatened exhaustion of aquifers, seawater
intrusion, and land subsidence. In addition to this problem there is a lack of recognition of the

relationship between groundwater and surface water supplies (Engelbert, 1982, pg 172).

There are additional water rights for federal land and former pueblos. The rights of the
U.S. government to possess water are known as Federal Reserve Rights. According to the U.S.
Supreme Court, the federal government has the right to sufficient water to fulfill the purposes,
which have been set-aside for it on federal lands, including Indian reservations. As early as
1881, the State Supreme Court held that former Spanish or Mexican pueblos, had “succeeded to
all the rights of the...pueblo.” Among these rights is the right to all the water of any river
running through or adjacent to the community. Subsequent cases have extended Pueblo Water

Rights to include groundwater (Engelbert, 1982).

In 1887, the California legislature passed the Wright Act, which authorized the formation
of public irrigation districts. Construction, apéion, and maintenance or irrigation projects in
these public districts was funded with tax dollars, and districts were considered political

subdivisions of the state. Therefore all propertyiers in the district paid for irrigation projects.



In 1902, U.S. Congress passed the Newlands Reclamation Act. The Act granted farmers
ten-year, interest-free loans for the construction of water projects. However farmers found
themselves unable to make payments, and in most cases the loans were never repaid. A 1989
study estimated that only 14% of public reclamation projects would ever be repaid to the federal

treasury.

The Newlands Reclamation Act had enormous impact in California. It established the
Central Valley Project (CVP) in 1930, which is the single largest supplier of water in California.
The CVP irrigates about 3 million acres of California’s farmland, and provides water for about
two million urban residents. In 1960, voters approved the State Water Project, which currently

provides water for users in the San Francisco Bay Area.

In 1975, the State Supreme Court determined that private users could not obtain a
prescriptive right against a public agency. This decision enhanced the position of public
agencies in the battle for water. In instances such as the Central Valley Project or State Water
Project where new water has been made availtid@gyroject operators were granted contractual
rights to the water. These rights allow the transfer of use of the water under contracts that vary

from project to project (Schiller & Fowler, 1999).

Recently, California’s water policy has focused on reallocating existing water supplies
rather than developing new ones. California enacted legislation during the 1980’s and 1990'’s to

facilitate water transfers. During the final two years of the 1987-1992 drought, the state Drought



Water Resources purchased about 1 million acre feet of water from willing sellers to meet the

needs of willing buyers.

In 1992 the Central Valley Project Improvement Act was passed, which prohibits
transfers that would have an unreasonable impact on fish, wildlife, or instream uses such as
recreation. However it only prohibits those transfers involving a change to post-1914 water
rights. The Act also prohibits public agency facilities from being used to convey transferred
water, if the overall economy or environment in the county where the water originates would be
unreasonably affected. State and Federal endahgpeeies laws provide additional protections

to particular plants, animals and habitat.

Current state law on water transfers is scattered, and there is a lack clear and consistent
policy. Many of the statutory pvisions regarding water transfers were implemented in response
to a particular problem, such as the 1987-1992 droutyliater transfer law is neither clear nor
consistent as a consequence of this sequential and situational enactment of the law” (Legislative
Analyst’s Office, 1999, pg 10). As a result of the la€klarity in legislation, water transfers are
often delayed. Also water transfers may not be pursued in order to avoid a legal challenge

(Legislative Analyst’s Office, 1999).

(6) Institutional Framework

California can be understood only when we are able to critically examine the role of

various agencies that plan, manage and coordinate the entire water industry. These agencies



have a very critical role in future planning also. Any change in the status —quo cannot be

conceived without their orientation and restructuring.

It is apparent that no other institution in this state is so powerful and deep-rooted than the
various water agencies in charge of an elaborate network of water supply and management

system.

In this chapter we shall examine some typical water agencies and their overall role in the
framework of water distribution and management. At first glance itself it becomes abundantly
clear that the state’s complex and multidimensional water related problem has had its impact on
the water industry; which was formed due to local demand and eventually resulted in a web of
institutions. These institutions and the naturéhefr interconnectivity show the intricacies of

power relationship within the water industry of California.

In this chapter we shall first briefly discuss the structural and institutional aspect of two
largest urban water agencies —the Metropolitan Water District and San Diego County Water
Authority and also we shall try to get an overview of the water districts as a composite network
of local agencies in California. Although there are other regional bodies like Kern County Water
Agency and the Imperial irrigation district, whiahe very important too, but here we have just
tried to take a representative sample instead of getting into details of every organization. The
objective of this study is to find out whether tterg really equipped to face the challenges of the

transitional phase or not.



The growth pattern of these institutions reveals a pattern of spontaneity in their
formation. All the big institutions like the Metropolitan Water Development Agency, San Diego
County Water Authority and the smaller institutions like the innumerable water districts catering
to a tiny population had an unstructured growth pattern, initially. However a closer look also

reveals that over time they developed some unique features and some of them are common to all.

If today we analyze the hierarchy of water institutions, it seems imperative that the MWD
should be mentioned not only first but also should be analyzed in great detail. This agency
which is a very important part of California’s watestwork is the nucleus of all power It derives
its power from the fact that it was the first umbrella agency “to tie together water policy and
water delivery infrastructure across a complex set of urban and rural jurisdictions and it has
successfully won and defended a formal role as intermediary between its client urban water

agencies and its neighbors agricultural agencies” (Gottleib and FitzSimmons, 1991, pg 5).

This agency, i.e., Metropolitan Water District of Southern California was created as
public agency and a quasi-municipal corporation in 1928 by a vote of the electorates of several
southern California cities. Its creation was laygelresponse to the construction of Los Angeles
agueduct. At the time of its creation the primary purpose was to provide an effective supply
mechanism for this supplemental supply of water. This supply was meant for the member public

agencies for various kinds of uses including domestic and municipal at wholesale rates.

When it was formed it covered 13 cities and just 1.6 million people. However with time
it has turned into colossal organization. It now covers about sixty five percent of the population
and serves about eighteen million people residing within its area of jurisdiction. The area it

covers approximately extends to 5,168 square miles and incorporates portions of the counties of



Los Angeles, Orange, Riverside, San Bernarddam Diego, and Ventura. Generally, the service
area covers the arid coastal plain from Ventura County to the Mexican border. It has 27 member
public agencies in the Metropolitan Water District: 14 cities, 12 municipal water districts, and

one county water authority. It has a top-heavy structure, which has 51 directors who represent

each agency. These directors have voting rights as per the strength of the agency they represent.

The organization was indeed very successful in fulfilling its initial agenda and objectives.
It embarked very successfully on an expansion path and was able to concentrate a lot of power
within its structure and contain the centrifugal tendencies of the various local water agencies

within its jurisdiction.

It showed tremendous organizational potential when it looked into the possibility of
taking a part of the Colorado water through an aqueduct to Los Angeles and finally selected a
site for reservoir. The project was completed with great zeal and publicity in 1941. The system
provided a very extensive network for water distribution and supply. Thereafter, there was

tremendous expansion and consolidation of the organization in various dimensions.

The agency has shown superior financial capabilities and is performance has made it a
fundamentally strong organization. This has enabled MWD to go for the fourth major expansion
(Stable financing for stable water supply: Becker, Lambertush, Christopher G, Source Govt
finance review v 13, April 97 pg 7-10). It has indeed shown tremendous strength. It currently

delivers an average of 1.7 billion gallons of water per day to a 5,200-square-mile service area.



Apart from creating a strong institution MWD has also managed to develop as a giant
wholesaler of water in California and has managed to be a key player between various
conflicting interest groups. The main conflict area till date remains the urban —rural water
sharing issue and MWD has indeed been able to resolve it very judiciously. California Another
very interesting feature of this organization is that it has over the years gone beyond its original

charter and has annexed huge rural and urban areas within its jurisdictions.

Another important agency that deserves to be mentioned here is the San Diego Water
County Water Authority formed in 1944 also known as CWA. The Water Authority is a member
of the Metropolitan Water District of Southern California, and in its 57-year history the
Authority has become very powerful with its own identity, though this organization owes a lot to
the MWD'’s pursuit for regional expansion. This agency has proved to be an effective forum for
various interest groups of San Diego area and has been considered responsible for overall
community growth. This organization for quite sometime had existed in the shadows of MWD
and had to grope for seeking its own identity for long. There were initial tensions and conflicts
as it started going on a path of expansion and annexation and thus threatening the MWD. At the
initial years there was a lot of interference in the internal matters of the organization by the
MWD, but with time a stable equilibrium in the relationship has been achieved. The relationship
was at the lowest ebb when the proposal for the construction of Pamo dam was under
consideration by CWA, however, there have been moments in the history of this organization
when it has appeared to be ambiguous about its purpose, despite a vigorously stated growth

agenda.



We started with a discussion on two major players These two institutions are very
important at the policy and coordination letek the uniqueness cannot be appreciated unless
we understand the constitutional mechanism of the local water districts which are a very

fascinating study in institutionalization of local aspirations and needs.

The water districts of Californian control most of the water rights and play a very
important role in the entire dynamics. These districts have different ways of organizing
themselves. Majority of them have evolvedittown method of selection of the board of
directors and have an assessed value -weighted voting rules. Their rules closely mirror the rules
used in a local wealth maximizing cooperative Mostly Water districts act as middlemen and sell

water to those agencies that have capacity to collect taxes (Hugo, LA Times, 2001).

Riccard James Maccan of the University of Berkley in his (PhD thesis, 1988)
“California’s Evolving Water management institutions, markets and agricultural water districts”
explores how differences in the governance rules and political structures among these water-
supply district "cooperatives" affect their management decisions. This study in great length
explores the reasons for different level of performance and management style of these water

districts.

The financial management of these water organizations is also not very professional. The
prevailing practice of financial management of these districts is quite questionable. The practice
of keeping large amounts in reserve without masking any allocation has been a common practice.

However, in 1999 after being confronted with various reports about unallocated resources in the



Water Rerplenishment district of Southern California, the legislature asked the states. Little
Hoover Commission on governmental efficiencies to examine it. Little Hoover commission

found that not only WRD, but also most speciatmiits did not have any policy for planning the
reserve amount effectively. It is estimated fhalifornia's special districts may be holding on to

nearly $20 billion in reserves (Becker, 1997).

The water districts are increasingly becoming part of the centrally controlled water
economy and their integration to the larger central and federal structures is improving their water

management efficiency.

In this chapter the objective is not entirely look at water agency as a important
infrastructure but to look at them critically and to find out whether as central source of policy
making and economic and political power, they are able to face the present day challenges

arising out of growing public concern or not.

The water industry of California has regional as well as local components and about
ninety years’ history behind them but their ability to respond to the current challenges does not
seem to be adequate. They have immense resources and their combined revenues exceed 450
million dollars (Gottleib, 1991). However, it is a very strange that so far these agencies have
remained very isolated from the public view and have treated the water issues to be totally
technical and managerial. They find it difficultreconcile to the new scenario of growing

public consciousness when the larger issues of environment and its politics are engulfing water



issues. It has prominently come within the radar of public perception and there is a growing

discomfort within these organizations due to that.

This is also due to the fact that traditional process of evaluation and review in these
organizations has been very uncertain. The policy framework thus remains more or less status-
quoist, without the scope of getting any inpainfrthe outside. The agencies are still cocooned
and they tend to ignore the critical issues in growth dynamics of California. Like any other
archaic and traditional institution, instead of being proactive they tend to be reactive As a result

they have failed to contain public criticism and disillusionment.

They are now groping for new agenda in this transitional phase. However an analysis of
their past performance reveals that they have always shunned public criticism and resorted to self
—defensive mechanisms. In past whenever their was sharp public debate on any issue which had
intensive public debate like the 1960 bonding elections for the State water project or
distributional conflicts such as e fight ovée San Bernadino annexation to MWD —these
events displayed good public relations exercises. But mostly these agencies had a tendency to be
out of the news than be in it. Somehow they always felt too strong to care much for the image

issue.

Another very important feature of these water agencies is their role in the power game of
California. The water agencies of California have played very important role in the political
environment of California. The political partiasd interest groups have always courted them on

a number of occasions. Therefore the water agency in California always had a false sense of



security and the need to go for constructive public relations effort was underestimated. One
thing is certain, with time these water institutions have become central to the political and
institutional setting in California. These institutions are closely linked to the entire issue of water
here. These agencies have shown great entrepreneurial zeal and have been very aggressive in
their approach. They have acted as a growth coalition and their objectives are fulfilled by
effective leadership drawn from the political and business elite of California. These
organizations have shown great innovative capacity too (Thirst for growth, Gottlieb and

Fitzsimmons, Chapter 11).

The policy framework adopted by them too appears to be defective because they have
still not learnt to be connected with the larger issues of regional policy. Ironically their actions

influence them, but they never take an active role in addressing them.

Yet another characteristic of these agencies is their local constituency oriented approach.
They tend to be cognizant of only the local isswihkin their own jurisdiction. All those debates
that concern larger issues do not provoke atipmor reaction from them. None of these
agencies, whether big or small it seems has ever thautgrims of being an integral part of the

composite water industry of California.

Therefore at the end we somehow understand why the people who are running these
water institutions for long are called ‘water —buffaloes’, with a mixture of awe and derision. But

now it's time to break the last bonds of water-buffalo mind-set and develop a new California



water regimen. The appropriate time has come now, as the transition is demanding structural

change and total redefinition of the system.

(7) Economics of Water Transfers

What are the current trends in water usage and productivity between users? What current
inefficiencies exist in water transfers and what insights could the 1991 and 1992 Water Banks

provide towards the effectiveness of stars within the state of California?

A diverse array of industries contributes to California’s annual gross state product (GSP).
Commercial, financial, and professional services contribute 56%, manufacturing and
construction 22%, government 11%, transportation, communications, and public utilities 7%,
agriculture 2%, forestry and fisheries under 1%, and mining 1% of the gross state product (The
World Almanac Knowledge Source, search engine, First Search Detailed record, California,
Economy section, Major Industries). Although Califi@arreceives over half of its GSP from the
commercial financial and professional services industries, water demands provide quite an
opposite trend. Approximately 3.8 million acre-feet of water are consumed in California
annually (Flanigan, 2001). Of that allotment, approximately 3,080,000 acre-feet [are used] for
agriculture, 608,000 acre-feet for urban regions, and 152,000 acre-feet for recreation, wildlife,

and power generation (Haddad 2000). Graph 1 shows these allotments by percentage.
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Froma study conducted in 1980, the Bureau of Reatamn subsidized approxetely
70% of the extraction, treatmt, storage, and transport cost of water to the Coachella Valley and
74% of the full cost to the Iperial Valley. Currently both the state and federal govenhm
continually subsidize the cost of irrigated wateasking the true price of water, to about $14 an

acre-foot (Flanigan 2001).

According to Tietenberg (2000), in order to achieve an efficient allocation of water, the
marginal net benefits would have to be equalized across all uses (including nonptwsum
instreamuses) of the water. M a well-structured systewf property rights, efficiency can be a
direct result of the transferability of the rightdsers receiving low arginal benefits frontheir
current allocation would trade their rights lm$e who would receive higher net benefits. [In
this arrangerent], both parties would be better off. The payreceived by the seller would
exceed the net benefits forgone, while the payihnmade by the buyer would be less than the

value of water acquired (pg 206).



As indicated before, farmers have beeregithe historical right to possess and use
irrigated water under the riparian rights doctrine and more currently have been given the right to
possess, use and conditionally transfer irrigated water through the prior appropriation rights
doctrine. However, in practice these rights are not economically efficient in that each doctrine

restricts or in most cases hinders water transfers.

First, riparian water must be used on riparian land. Second, riparian waters are not
storable. These two limits prohibit the transfematter in space (conveyance) or time (storage).
Appropriative rights are theoretically a transferable, marketable commodity. Transfers may
involve [a] change in ownership, type of used @lace of use. However a general constraint on
the transfer of appropriative rights is that other appropriators must not be adversely impacted by
the transfer. In [this state] the Board must approve changes in timing, place, type of use, and

third-party impacts for most water transfers (Israel and Lund 1995, pg 18-19).

Here water transfers are hindered for environmental concerns that can make the legal
activities incurred through transaction costs greiin the benefits of the transfer. Other
restrictions such as the governmental intervention of subsidies offset by the ‘use it or loose it’
principle (Tietenberg, 2000) coupled with the preferential bureaucratically established hierarchy
of water uses dependent upon the prior appropriation doctrine also deter water transfers
(Tietenberg, 2000), making the first criterion for the equalization of net benefits virtually
impossible to achieve. However, early in 1991 dffa¢e of California was facing a fifth year of
drought. Water deliveries to agriculture were cut by 75 to 100 percent in some areas, and urban

areas faced 15-to 45-percent reductions in water supplies. To help alleviate the impact of the



drought, Governor Pete Wilson established the 1991 Drought Water Bank, which was to be
managed by the California Department of Water Resources (DWR) (Dixon, Moore, and

Schechter, 1993, pg 1). California policy under went a legal makeover.

To protect the water rights of sellers and to encourage their participation, several pieces
of legislation were enacted. Assembly Bill (AB) 9 gave water suppliers explicit authority to
enter into contracts with DWR or other water suppliers for the transfer of water outside their
service area. AB 10 stated that no tempotanysfer of water for drought relief in 1991 or 1992
would affect the standing of any existing water rights. Article 29 of the Agreement Establishing
a 1991 California Emergency Drought Water Bank further specified several water rights
assurances to sellers. For instance the transfer of water was deemed to be a beneficial use of
water on the lands from which it was transferred, did not constitute evidence of waste or
unreasonable use, did not affect and was not a toesasy loss or forfeiture of these rights, was
not evidence of the availability of surplus water or ground water beyond the terms of the
agreement, and the transfer of water was in furtherance of state policies favoring voluntary
transfers of water on an intermittent basis to help alleviate water shortages (Israel and Lund

1995, pg 19).

Thus, farmers were given better defined property rights towards the management of their
water supplies without the fear of loosing futatl®tments of water under the previous ‘use it or
loose it’ (Tietenberg, 2000) policies. “DWR offered three types of contracts to farmers,
landlords, and water agencies during the 1991 Bank: no-irrigation contracts, groundwater

contracts, and stored water contracts™@, Moore, and Schechter, 1993, pg 3). “Sellers



[could]...fallow farmland and transfer the conserved irrigation water to the Bank, use
groundwater in lieu of surface water, or transfer water stored from local reservoirs” (Israel and

Lund 1995, pg 19).

A study conducted by RAND provides an insight into the economic impacts of these
transfers during the 1991 drought year. Their analysis was based on “a survey of 99 farmers
participating in the Bank and 65 agricultural firms that did business with farmers participating in

the Bank” (Dixon, Moore, and Schechter, 1993, pg 11).

From this study they concluded that operating costs and crop sales were reduced by 11%
and 20% respectively for participants and overall counties involved in these transfers saw a
reduction of 2% and 3% respectively, but this overall reduction was within normal agricultural
fluctuating parameters (Dixon, Moore, and Schechter, 1993). Farmers who participated in the
Bank increased their farm investments enough to offset approximately 32%of the Bank-
generated decline in farm operating costs however those that benefited from these investments
may not have been the same individuals hurt by decreased operating costs (Dixon, Moore, and
Schechter, 1993). Negative impacts were largest for contracts where farmers agreed not to
irrigate crops [however] water sales for nogation contracts increased farm net revenues $35
per acre-foot over what they would have been had there have been no Bank (Dixon, Moor, and

Schechter, 1993, pg xii-xiii).

Israel and Lund (1995) offer additional economic impacts to the 1991 water Bank. The

effects of the Bank on the local economies of selling counties were relatively small, estimated at



less than one percent of 1989 county personal income and 1989 county employment, even
though [these] estimates neglected Water Bank revenues on the county’s local economy (pg 24).
Table B.3 provides an “approximate magnitudeedative impacts of [the] bank on [the] overall

county economy” (Dixon, Moore, and Schechter, 1993, p. 83).

Table B.3
Approximate Magnitude of Negative Impacts of Bank on Overall County Economy
Percentage of Income from(impact of the Bank on Agricultural| Negative Impact of Bank on
County Agriculture Business (percent) Personal Income (percent)
Butte 8 -5 -0.4
Colusa 71 -1 -0.7
Contra Costa 1 -5 -0.1
Glenn 42 -0.2 0
[Sacramento 2 -4 -0.1
San Joaquin 13 -3 -0.4
[Shasta 2 -2 <-0.1
Solano 5 -2 -0.1
Stanislaus 22 0 0
Sutter 24 -1 -0.2
Tehama 20 0 0
Yolo 10 -5 -0.5
[Yuba 8 -3 -0.3

Source: Dixon, Lloyd S., Nancy Y. Moore, and Susan W. Schechter. 1993. California's 1991 Drought Water Bank Economic
Impacts in the Selling Regions. Santa Monica: RAND.

In contrast, the 1992 Bank was smaller than the 1991 Bank both in the quantity of water
transferred and [the] number of participants. The number of purchasers increased from twelve in
1991 to sixteen in the 1992 Bank, [and] the number of sellers dropped considerably from 348 to
eleven. The amount of water purchased by DWR decreased from 820,665 ac-ft in 1991 to
193,193ac-ft in 1992. Two factors account for these differences between the 1991 and 1992
Water Banks. First, heavy precipitation in the early months of 1992 reduced water demand from
1991 levels. Requests for water from the 1992 Bank totaled only 158,715 ac-ft. Second, the

reduced water demands in 1992 required lowering...the purchase price and...selling price of



water [from $125/ac-ft and $175/ac-ft respectively to $50/ac-ft and $72/ac-ft respectively],
which may have kept prospective sellers from participating in the 1992 Water Bank (Israel and

Lund 1995, pp. 19, 22, 26, 28).

Other reasons for this trend could have been due to stricter regulations on the 1992
transfers. According to Israel and Lund (1995), contractors had to submit a deposit for either the
purchase or the option to purchase a quantity of water not to exceed their estimate of critical
needs. Contractors requesting options to buy had to specify the month they would exercise their
option. Once the option was exercised, the contractors had to pay the prevailing Pool Melded
Rate for water. [This rate was] the total cost incurred by DWR to acquire water including
amounts paid to sellers of water; legal, administrative and financial costs; the impact of carriage
water and other losses; refill impacts; and the costs of monitoring the impacts of water loss in the
counties of origin, all divided by the amount of Bank water in that pool available for delivery (pg
29). In addition, land fallowing was not allow@drael and Lund 1995). Therefore sellers who

would have used the no-irrigation contract were not permitted to do so.

From the evidence provided, it would appear that both water banks provided an
opportunity for water transfers that allowed for a partial equalization of net benefit. Here those
that valued the water the most had to opportunity to purchase it, where as those that valued it the
least had the option to sell it for a profit. However in light of these two events, the continual
transfer of water resources may not be feasible outside of the drought seasons for one could
speculate that the opportunity costs to the sellers for giving up an allotment of their water would

have been greater than the rent that they would have received had they decided to invest the



water for crop production purposes especially if these sellers produce high valued crops.
Perhaps water transfers should be encouraged during seasons of drought and other market
incentive methods such as tiered pricing of water or raising the rate of water during plentiful

years should be considered as a means of conserving this vital resource.

(8) Environmental Impacts

The native Indians in California lived off the land and used the precious water in balance
and harmony with their surrounding environment for centuries before the Europeans settled the
area. The Europeans brought a conflicting mentality to California consisting of the domination
and control of nature that grew and expanded in intensity with the population up into modern
times. Economic desires and population growth created an enormous demand for water and
every conceivable idea was used to manipulate this natural resource. This has created long
lasting negative environmental impacts within the groundwater, surface water, lithosphere,

atmosphere, and the biota of California that will continue to worsen without a new strategy.

Most of the groundwater is located underneath the valleys throughout the state and
“California pumps more water from the ground than any other state in the Union” (Kahrl, 1979,
pg 67). There are an array of environmental problems associated with excessive pumping of the
groundwater including subsidence, saltwater intrusions, increasing water table depths, and

chemical contamination.



Many underground aquifer water levels have dropped over 110 feet (Thomas, 1970) at
one time or another throughout California due to overuse and this is the primary reason for the
first three problems. A significantly lower watevét in the aquifer creates an appreciably lower
amount of osmotic pressure, allowing overlying earth to collapse on the aquifer, unwanted
saltwater to flow in, and a deepening of the water table levels (Thomas, 1970). Itis impossible
to fully recharge a collapsed aquifer to its original level, seawater makes freshwater useless for

human consumption, and a lower water table has a negative impact on the surface biota.

Chemical pollutants in underground aquifers come from a variety of sources but the main
culprits are industrial waste and agriculturatoff (Kahrl, 1979). Chemicals from both of these
categories are capable of traveling through areas with porous soil or running directly down
abandoned wells and collecting in the undergroupfars. Arsenic, boron, chloride, fluoride,
iron, magnesium, manganese, sodium, sodium sulfate, nitrate, selenium, and sulfate are the most
common groundwater pollutants (Kahrl, 1979). This problem is exacerbated in the agricultural
areas of the valleys where irrigation is common. All the excess water from irrigation dissolves
agricultural pesticides, herbicides, fertilizers, and traces of selenium found in the soil into a
dangerous liquid concoction. Normally, this polluted water would drain through surface water
channels, but many of the valleys have limited drainage and most of the tainted water ends up

collecting in ponds and soaking underground through porous soils (Hundley Jr, 1992).

This chemical contamination and saltwater intrusion of underground water sources pose a
great risk to human health within the communities that rely on underground aquifers as their

water source. As a result, many Californians drink bottled water (Hundley Jr, 1992). However,



groundwater isn’t the only concern in California. An amazing amount of the surface water is

threatened as well.

A variety of factors are threatening California surface waters. They are most apparent in
the northern part of the state, as this is where most of the precipitation falls and it is an obvious
water source for parched cities in the south (Kahrl, 1979). Nevertheless, the extent of the
problem extends to many areas throughout the state of California. Some of the most important

concerns include saltwater intrusion into estuaries and chemical pollution.

Estuaries are pockets of water on the coast where freshwater meets oceanic water.
Estuaries are often used as a source of freshwater themselves and the rivers that feed them are
commonly used for the same purpose (Kahrl, 1979). This combination often draws substantially
on the total volume of water in the estuary and may lower the overall freshwater levels a
significant amount. Unfortunately, this allows the saltwater from the ocean to encroach farther
into the estuary to the point where it may eventually threaten some of the inland pumps with
saltwater contamination (Kahrl, 1979). These instances are a little more isolated but chemical

pollution of surface water is much more widespread.

Chemical pollution affects all surface water including wetlands, rivers, lakes, and the
ocean. Common sources of pollution come femwage, storm sewer runoff, industrial waste,
and irrigation runoff from agricultural practices (Kahrl, 1979). Catastrophic rain events that
cause massive flooding often overwhelm stormegedrains and inundate sewage treatment

facilities and industrial waste sites. Sometimes dangerous wastes are even illegally or



accidentally durped as well. Either way, a vast variety of cieats including nitrates, heavy
metals, pesticides, herbicides and even bacteapale washed into the water and released into

the watershed causing beach closings and other recreational advisories. (Hundley Jr, 1992)

Humans are exposed to a nbar of health related risks froomemcal contanmation of
surface water. Soeof these include the potential of getting sick frewimming or drinking
contamnated water, and getting poisoned or grckn eating contamated animals that ranage
to live in polluted waters. Also, because of these risks, water available in a locabgneat tne
able to neet the needs and uses of the local population. The following & flomthe EPA
display the extent of howuch California’s watehas already been affected and what areas are

threatened in the future.

(EPA Surf Your Watershed website, 1998)



Note: Designated use refers to all recreational activities, alahwonsurption or industrial or
agricultural needs, transportation, and local enviremial requirerents.

(EPA Office of Water website, 1998)

As we can see, any of the water quality and use probkeare associated with urban areas along
the coast, land used for agricultural purposes in the valleys, and areas in the north central part of
the state that are being drained south. Thisdggs, or transporting of water framne area to

another corbined with storage creates sewf the negative ipacts on California’s land as well.

Dans, aqueducts, subsidence, and irrigation have drastically altered the lithosphere of
California. All ofthese are the result tife conbination of excess water usage, trying to

transport waterrbm one area othe state to another, and trying to store large quantitiesie .

Many rivers have been danmed up to store excess water and they are slovitygf full

of silt. The danmholds the water back and lowers the natural energyaofd this allows



sediments to settle out. Many of the reservoirs created from dams built in the early 1900’s are
already half filled up with silt and many others will be in danger of filling up in the future. “This
future is not thousands of years away but only a few hundred and often much less” (Hundley Jr,

1992, pg 362).

The aqueducts used to transport excess water dammed up in reservoirs and in lakes have
ravaged the landscape as well. They stretch for thousands of miles across the state of California,
disrupting the natural landscape with cement or gravel trenches as they carry water to where it's
needed (Hundley Jr, 1992). These agueducts were a necessity in many areas as groundwater

sources had been depleted and overused to the point of causing subsidence.

The previously mentioned occurrence of subsidence can really rake havoc with the
landscape. When aquifers collapse from overuse the effects are quite apparent on the surface.
Land collapsing five to fifteen feet or more is not uncommon in many areas of California
(Hundley Jr, 1992). This is capable of destroying natural habitat, roads, houses, or whatever else
happens to be in the path of destruction. The following map from the USGS displays the main

areas of subsidence in California quite well.



(US Geological Survey website, 2001)

Many of the subsiding areas of subsiding land coincide with areas that have intensive irrigation

practices, which can lead to a whole different kind of problem

Excessive irrigation over tiencan cause the build-up of an abnatyrhigh anmount of
salts in the soil due to evaporation. Initially, the crops growing in the soil can tolerate som
increase in salt levels. Eventually, the fertile soil will beedtoo saline to produce good crops
and will have to be abandoned (Hundley Jr, 1992). Thousands of acres of productaedarm

will eventually have to be abandoned in the future if the current practicesiatained.



One mght not think the atwsphere is affected by intense water use, but it actually is

when considering the energy used to transport water across the state of California. The

production of energy often involves the breakdown of fossil fuels and the resulting waste

products contribute to atmapheric pollution.The following tables break down California

electricity production, displays the aomt of electricity required to transport water in a large

part of California, and deteiimes the amunt of carbon dioxidaitrogen oxides, and sulfur

dioxides that are duped into the atwsphere.

Where CA Electricity Comes From

Coal 20%
Oil 0%

Natural Gas 31%
Nuclear 16%

Large Hydroelectric | 22%

Renewable 11%

Annual Atmospheric Emissions Due to Transport of Water

Carbon Dioxide

3,538,756,800 Ibs (~2% of state tot

Nitrogen Oxides

8,306,000 Ibs (<1% of state tota

Sulfur Dioxide

2,548,100 Ibs (<1% of state tota

al)
)
)

[

[

Note: Based on October, 2001 electrical use of 4658 Megawatt hours to transport water to 23
million Californians 32,521,000 residents andgation of 1 nillion acres of California
farmland. This doesn’t include every California resident or all of thelard) but it really gives



a good perspective on the amount of pollution dumped into the atmosphere due to the
transportation of a significant amount of California water.

(California Department of Water Resourcesdsite, Environmental Defense website, and EPA
website for state emissions, 2001).

As we can see, the electricity required to transport a large part of California’s water produces
some substantial pollutants in the atmosphere. However, it's a relatively insignificant amount
when compared to the total amount of carbon dioxide, nitric oxides, and sulfur dioxides that are

spewed into California’s atmosphere via other processes.

So how do all of these environmental impacts affect biodiversity? California harbors
more unique plants and animals than any other state in its 160,000 square miles (CEB website,
2001). There are many different species in California including 30,000 insects, 63 freshwater
fish, 46 amphibians, 96 reptiles, 563 birds, 190 mammals, and about 8,000 plants (CEB website,
2001). Dams, aqueducts, and subsidence disrupt some of the essential migration patterns of
many of these animals and fish in addition to changing their natural habitat. Also, the extremely
high use of water by humans and the diversion of this water from its natural locations virtually
steals the precious resource from the natural flora and fauna. Water tables end up falling, pond
and lake levels go down with it, and the local plant populations are left to fend for themselves in
a losing battle. When the local plant populatiementually fail, the wildlife that they support
are forced to find new habitat or perish. There has been an amazing effect on California
biodiversity already. On average, over 20 percent of the naturally occurring species of

amphibians, reptiles, birds, and mammals are classified as endangered (CEB website, 2001).



Excessive water use is a primary factor in the increasing number of species showing up on the

endangered species list.

California’s ecosystems are currently stressed and millions of residents are at risk due to
drinking contaminated water and swimming inlpi@d waters. The culmination of past and
present water policies has landed us in thedljgament. Any new strategy should address the
negative impacts on the environment and curreskisrio California residents. Furthermore, a
more extensive monitoring system should be eng@nted to determine the status of water and
environmental quality across the state after a sgategy is put into effect. The EPA has an
excellent base built in this area, but most @irtinformation is on public lands and more of an

effort needs to be made in the monitoring of privately owned land (EPA website, 2001).

(9) Conservation and Demand Issues

Although California has experienced many droughts throughout its history, it is the 1987-
92 drought people remember because of its duration and nature of its statewide impact. By the
third year of that drought, California’s resenvsiorage was approximately 40 percent less than
average, and it took until 1994 to return to normal conditions (State of California, 2000).

Conservation measures (voluntary and involuntary) became the normal way of life.

Mandatory water rationing levels affected many communities and some reached as high

as 50 percent. Homeowners faced surcharges on their water bills if they did not decrease their



usage by 15-20 percent. Homeowners received educational information concerning ways to
decrease water usage. Checking pipes, faucets and toilets for leaks was encouraged because
even a small drip could waste as much as 1,500 gallons a month. Other suggestions were:
turning off the water while brushing teeth or shaving, use of plastic toilet bottles to limit water
usage, taking short showers instead of baths, only using dishwashers and washing machines
when there was a full load, and allowing the grass to turn brown. Seminars and conferences
were held on gardening techniques. Some communities had patrols that were empowered to
write citations for those guilty of hosing down sidewalks, washing their cars, watering during the

heat of the day, or neglecting to fix leaky sprinkler systems.

People decreased the amount of water they used and made choices how to use the water
they were allocated. Neighbors shared knogéeof water saving techniques. Landscaping
surrounding homes changed. Selections of drought-tolerant plants replaced water intensive
vegetation. There was more usage of stones, large rocks and bark in place of grass or delicate
plants. Advancement in technology played an important role in the use of drip watering systems

for the homeowners to efficiently utilize their limited water allocation.

As a result of the drought, new technologies made their way into our homes. Today you
can only purchase low-flow toilets with a tank capacity reduced to 1.6 gallons from five.
Technology also changed the selections of showerheads available, all of which use a lower flow
of water than their predecessors. Sprinkler heads were reconfigured so there was more control of
the direction and volume of water that went through them. Timers were fully utilized with

sprinkler systems to order to use the least amount of water at appropriate times to adhere to



watering schedules rather than turning them on by hand and perhaps forgetting about the running

water.

Businesses and governmental agencies were also heavily affected by the droughts in the
periods 1975-77 and 1987-92 because of the shear volume of water they used and the surcharges
they were incurred from mandatory rationing policies. This was an incentive for business, cities
and counties to find new ways of reusing wateuring the 1975-77 drought, Marin County held
water conservation programs for restaurants, multi-family dwelling and apartment complexes.
Most Southern Californians can remember during the last drought having to ask for a glass of

water in restaurants instead of it automatically being served.

Technology advanced quickly and today recycled water is used for a myriad of non-
potable uses including industrial processes, car washes, cleaning and cooling water, commercial
toilet flushing, aesthetic water features, dust control and fire suppression. Recycled water is
municipal wastewater that has been subjeantarray of biological, physical, and chemical
treatments as necessary, depending on the end use. As water becomes more scarce (or costly), a
possible sustainable approach would be for companies located near one another to share their

water by recycling between facilities.

The City of Irvine (a very large water user) developed a computerized watering system in
the late 1980s. It measures “the wind, temperature, humidity, and radiant energy” (Price, 16) in
their area. The information is fed into a computer, which analyzes the data and controls the

timers and watering systems throughout the city. Through the implementation of this technology



the City of Irvine saved approximately $130,000 the first year on their water costs. Other cities
in Southern California have either installed a similar system or have at least contemplated a

scaled down version of the system (Price, 1990).

Highway landscaping now utilizes drip irrig@n systems where appropriate, reclaimed
water, native plants and drought-tolerant plants in an effort to conserve water. Irrigation pipes
are color coded to indicate which ones use reclaimed water. Drought-tolerant plants do require
intensive water usage to establish their roots, but in the long run they are very efficient in their
usage of water. Water conservation may have been the goal to begin, but cities have saved

money because of the reduction of water usage (Osborne, 2001).

Municipal wastewater is conventionally subjected to preliminary, primary, secondary and
tertiary treatment. Each process carries with it an increasingly higher cost to the facilities
processing the water as well as the customers eventually served. Preliminary treatment serves to
prepare wastewater for subsequent treatment by screening and grit removal and there is little
change in water quality. Primary treatment usually involves gravity sedimentation of the
preliminary treated water to remove sedimentation. Secondary treatment usually uses a
biological treatment process. Disinfection émntrol pathogenic microorganisms and viruses is

the most common type of tertiary treatm@ntice, 1990).

In the late 1980s, the City of Irvine expanded their water reclamation system in their
water treatment plant. They instituted a three-year program of retrofitting in the older part of the

City and adding an additional “390 acres of irrigation to the system at a cost of $3.6 million”



(Price, 16). To help defray the costs of the retrofitting they borrowed money through the State
Water Resources Control Board and the Metropolitan Water District’s $75 per acre-foot rebate.
Additionally, the City of Irvine started using reclaimed water to flush toilets in high-rise offices,
which accounts for approximately 70 percent of their water usage. High-rise buildings under
construction in many California cities now have dual plumbing installed in order to be able to

use reclaimed water. Depending on the location of treatment processing plants, some cities are
not able to use reclaimed water at the present time. However, where reclaimed water is

available, most cities now use it for irrigation in parks, golf courses, and in high-rise buildings.

According to Mr. Ott of the Department Wfater and Power (DWP), the cost of water
depends on the level of treatment (cost of prodagtand distribution network. The City of Los
Angeles is currently evaluating the costs involved in retrofitting various areas and buildings for
dual plumbing in order to utilize reclaimed water. Costs also take into account the location of
water treatment facilities and the distribution system that they would have to have in place for it

to be cost effective.

Mr. Ott stated that in 2000, Los Angeles used 41,750 acre-feet of recycled water for
irrigation, industrial, and recreational purposes. This is approximately six percent of the total
water supplied to Los Angeles. There are several water recycling projects in development to
increase the use of recycled water. They will be evaluated according to feasibility, cost-
effectiveness, compliance to regulatory requirements, and public acceptance. It is DWP’s goal to

use 102,000 acre-feet of recycled water by the year 2020.



One of the many safe ways to reuse water is to recharge the groundwater basin with
recycled water. After extensive processingdMaaced treatment plants to meet drinking water
stands, recycled water can be put back into the earth. DWP plans to use a naturally formed
biological surface filter to further remove some contaminants from the water used for recycling.
Additionally, the recharging would only be done in areas, which have been naturally and safely

recharged with rain and surface runoff for many years.

Currently, according to Mr. Ott, it appears that the most cost efficient technology in the
future may be desalination projects similar to the one that was decommissioned in Santa Barbara.
Initially the cost per acre-foot of desalted water was $3,000. Technology has reduced that cost to
approximately $1,600 per acre-foot. Developmertdher technology in that area appears to

be very promising and is a viable consideration in the DWP’s future game plan.

The largest industry affected by the droughts is agriculture because of their intensive use
of water for crop irrigation. There are a variety of changes that farmers can make in response to
surface water cutbacks. Some farmers have access to both surface water and groundwater, and
during a short-term shortage may be able to completely offset any reductions. Technology is
available for various types of drip and sprinkler irrigation, but it is an expensive capital
investment. There was “a significant growthdiip and sprinkler irrigation between 1987 and
1991 through the state,” (Dale, 21) which was attributed to the drought. Farmers also increased
their efficiency by irrigating at night, usj shorter furrows, changing their crop mix and
allowing some fields to remain fallow. Farmers may decide to go out of business if water costs

become too prohibitive.



Irrigation of food crops with treated wastewater has been practiced effectively and safely
on a very limited scale. Farmers who use reclaimed water must monitor and adjust fertilizing
practices to avoid possible contamination afugrd water because wastewater contains nitrogen
and phosphorous. There are no federal regulations governing the use of municipal wastewater to
irrigate crops. However, the EPA provides guidelines for reclaimed water and its use for crop
irrigation in its 1992 Guidelines for Water Reuse Currently, 19 states that regulate the use of
wastewater in crop production and these regulations vary. Some states require very high-quality
effluents to reduce the concentration of pathogens to acceptable levels prior for human contact
prior to irrigation while others depend on the use of crop restrictions and site limitations which

allows time for pathogens to decrease to acceptable levels (Natural Resource Council, 1996).

The use of municipal sludge has been less widely accepted. Sewage sludge is an en
product of municipal wastewater treatment andtains many of the pollutants removed from
the water. Federal regulations are in place to assure that sludge application to crop production
does not pose a significant risk from the consumption of foods produced. Farmers purchased
sewage sludge because it contains trace metals (i.e., zinc and copper) that their soil may be
deficient in because of years of farming. Many parties are affected by the use of sludge
application -- local communities, farmers, food processors and the consumer and they are all
concerned about the potential for exposure to contaminants and potential liability. Sludge
management programs cross agency, state and federal jurisdiction boundaries and involve many

potentially responsible parties. It is important that municipalities and public utilities provide



well-managed and reliable programs that address the health concerns of all parties (Natural

Resource Council, 1996).

In February 1993, the U.S. Environmental Protection Agency (EPA) promulgated
Standards for the Use or Disposal of Sewage Sludge. This rule builds on numerous federal and
state regulations aimed at reducing pollutants entering the municipal waste stream through
industrial treatment plants. Part 503 of the Sludge Rule defines acceptable management
practices and specific quantitative limits for selected chemical pollutants and pathogens
applicable to land application of sludge. &rwastewater contains a variety of pathogenic
agents, when reclaimed water or sludge edusn fields producing food crops, public health
must be protected. Treatment plants sepdnatéquid from the solids — the sludge. Sludge is
treated to remove viruses and bacteria and more water is removed. At this point it's a “Class B”
biosolid, which means it still contains many pathogens (and has a very foul odor). There are
restrictions on the use of Class B sludge, wingtjuire a 30-day waiting period before cattle can
graze on Class B-amended fields. Further treatment to remove more pathogens would render the
sludge Class A (safe for public contact) but significantly increases the costs to the treatment

facility and their consumers (Natural Resource Council, 1996).

During the summer, Riverside County stopped taking Orange County’s sludge. Prior to
this summer Riverside County took nearly 93,000 wet tons a year. Two counties in the Central
Valley will stop in 2003. In order for these three counties to continue accepting the sludge it
would cost “tens of millions of dollars” (Méd, B6) in upgrading their facilities to produce a

cleaner sludge. This would mean an increase in rate to the customers that continue to buy sludge
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