
A History f

orng 
Cuty 
WAe 

DistriC



About the cover: Groundwater flows from an 
artesian well west of Anaheim in the late 1890s.



iContents

foreword · iii
The Nature of Groundwater · iii

Global Significance of Groundwater · iii

Regional Significance of Orange County’s Groundwater Basin · iv

Preface · vi

introduction · vi
Overview of the Santa Ana River, including its Watershed · vi

Overview of Orange County Water Agencies · vii

the river untamed · 1
Freshwater Supplies and the Acjachemen and Tongva · 2

Water Works and the Spanish Period · 2

Water Works and the Rancho Period · 4

Water Works and the American Period · 4 

Drawing down the Basin · 5
Mormon Settlement and the Zanja · 6

The Anaheim Colony and the Anaheim Water Company · 6

Birth of Santa Ana, Orange, and Tustin · 7

Anaheim Water Company v. Semi-Tropical Water Company · 8

The Irvine Legacy · 9

Tapping Artesian Groundwater · 10

Arrival of the Railroad · 10

Tri Counties Reforestation Committee · 10

Water Conservation Association · 11

Metropolitan Water District · 11

Orange County Flood Control District · 12

Santa Ana Basin Water Rights Protective Association · 13

Managing the Commons · 15
Orange County Water District · 16

Irvine Co. v. Water Conservation Association · 17

Conservation and Replenishment · 18

World War II and Military Bases · 18

First Report on Water Supply in the Lower Santa Ana Basin · 20

Reducing Overdraft · 21

responding to growth · 23
From Croplands to Housing Tracts · 24

Committee of Twelve · 27

Replenishment Assessment and Registration · 27

Municipal Water District of Orange County · 28

The Politics of Spreading Basins · 29

Orange County Water District v. City of Chino · 31

Basin Equity Assessment · 33

Saltwater Barriers · 34

Pursuit of Local Water Supplies (Extraction and Injection Wells) · 34

Contets



THE HISTORY OF ORANGE COUNTY WATER DISTRICTii

refining the Vision · 35
Development of Water Factory 21 · 36

Pursuit of New Projects · 38

Preparing for the new Millennium · 41
Modernizing Orange County Water District · 42

Green Acres Project · 42

Analytical Water Quality Laboratory · 42

Advanced Water Quality Assurance Laboratory · 43

Research and Development Laboratory · 43

Improved Recharge Capabilities in the Basin · 44

Conservation Programs at Prado Basin · 44

Water Quality behind Prado Dam · 46

National Water Research Institute · 47

entering the new Millennium · 49
Groundwater Replenishment Program · 50

Advanced Water Purification Facility · 51

 From Ocean to Foothills—the Seawater Intrusion Barrier  

and Inland Spreading Basins · 52

Continuing the Tradition of Innovation · 53

Afterword · 54

Conclusion · 55

Appendices · 56
Historical Timeline—Orange County Water Progress · 56

Locations of District Headquarters · 58

Property Boundaries and Annexations History · 59

Current Board of Directors · 61

History of Board of Directors · 62

List of Current OCWD Employees · 70

Glossary · 73

Works Cited · 82



Foreword iii

foreWD
By Shawn Dewane, President, Orange County Water District

the nature of groundwater

to understand the work of Orange County Water District 

(OCWD, District) is to understand groundwater. Born of 

ancient rains and held deep underground, groundwater is 

Orange County’s wellspring—a critically important water resource 

that is largely invisible and yet saturates the lives and livelihoods of 

millions of people. 

Groundwater is water that accumulates and is stored beneath the 

surface of Earth in aquifers. Like an underground sponge, an aquifer is 

a porous mix of sand and gravel that is filled with water. Some aquifers 

are shallow; others are thousands of feet deep and stretch across 

hundreds of miles. The High Plains aquifer, for example, extends 

174,000 square miles from South Dakota to Texas. 

 A groundwater basin consists of one or more aquifers surrounded 

by non-water-bearing material. Inside the basin, the aquifers are 

divided and shaped by aquitards, clay or silt layers that restrict 

movement of water between the aquifers. Water enters the ground-

water basin by percolation through the ground, or by underground 

flows of water from an adjoining aquifer. Movement of groundwater is 

extremely slow and usually measured in feet per year. Water perco-

lates into the basin naturally through rain and river flow, or artificially 

by creating facilities to enhance natural percolation, such as a perco-

lation pond. The rate of percolation depends on the underlying soil 

conditions. Open, sandy soil, for example, enables faster percolation 

than clay or silty soil.

global significance of groundwater
 Groundwater represents about two-thirds of the world’s freshwater 

supply (Goldin l983, 64). This hidden water is tapped for irrigation 

and other uses throughout the world. While some countries carefully 

manage groundwater supplies, other countries are depleting ground-

water reservoirs at a rapid rate. Limited availability of surface water 

further exacerbates the overdraft problem. Drought conditions, such as 

those in the West, place additional pressure on groundwater supplies—

if aquifers go dry, the consequences spell disaster.     

The United States faces its own groundwater management chal-

lenges. Groundwater remains the most undervalued and abused 

resource in the water industry. Thanks to pumping technology and rela-

tively inexpensive energy, groundwater has been mined recklessly even 

in California. From San Diego to the Central Valley, you can see the 

consequences of overdrafting in land subsidence (sinkage), irreversible 

structural changes to aquifers, and in coastal areas salt water intrusion. 

According to Marc Reisner in Overtapped Oasis, in California and the 

West’s high plains alone, water is being taken and not replaced at a rate 

of five trillion gallons per year. 

Numerous references, including The World’s Water, The West without 

Water, and The Atlas of Water, note that hundreds of aquifers, partic-

ularly in areas of low rainfall, are being pumped faster than they are 

replenished. When those “wells” go dry, we will see the effects in our 

food prices, property values, and the land and rivers we once enjoyed. 

In some parts of the world, the effects will be dire—starvation, disease, 
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and increased political conflict and tension. Unless political leaders 

worldwide take action toward managing the world’s water supplies, 

within a few years a water crisis of catastrophic proportions will 

explode upon us.

regional significance of orange County’s 
groundwater Basin

Though it lies underground, groundwater is 

a significant natural resource here in the state. 

It represents almost 150 million acre-feet of 

water—triple the supply of the State’s surface 

supplies (Blomquist 1988, 4). People have been 

using the State’s groundwater for thousands of 

years. Water seeping from underground springs 

sustained California Indians in arid lands. The 

Desert Cahuilla went further and hand-dug wells 

called “temakawomal” deep into the earth. 

Descending stair-steps provided access to the 

water. Later, as Europeans settled in California 

and established farms and ranches, groundwater 

supplies were used in earnest. People dug wells 

and tapped aquifers to irrigate croplands and 

hoof stock. 

  Orange County’s groundwater basin began 

forming millions of years ago as mountains 

eroded and ocean and riverine sediments filled a deep valley, trapping 

Santa Ana River water within layers of sand and gravel. The deepest 

aquifers of the groundwater basin still contain pristine “fossil water” 

that fell to the ground thousands of years ago. The water Orange 

County drinks today may have entered the basin one year, 100 years, 

or 1,000 years ago, depending on the location and depth of the well. 

Orange County’s groundwater basin has a usable capacity of over 

one million acre-feet. This vast basin reflects an interesting geology. 

The sandy soil under Yorba Linda, Fullerton, Anaheim, and Orange 

provides relatively good access for water on the surface to reach deep 

aquifers while clay layers that underlie other areas impede percola-

tion. These restrictive clay layers limit the reach of OCWD’s recharge 

areas, but they also limit the extent and depth of pollution within the 

basin.
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OCWD relies on the “ecosystem services” of the groundwater basin 

to manage water supplies. The water from the Santa Ana River is 

naturally purified and stored without the need for extensive piping 

networks to transport it. Further, it is not subject to evaporation like 

water stored in a surface reservoir, and the basin cost nothing to 

build—compared to a price tag of billions of dollars to construct a 

surface reservoir today (if an environmentally satisfactory location 

could be found). Properly managed, the groundwater basin provides 

a renewable resource for current and future generations, and in times 

of drought, ensures water reliability that otherwise could be compro-

mised. Responsible management also ensures a basin that provides 

a solid foundation for city infrastructure, as well as environmental 

benefits to plants and animals that depend upon rivers, streams, and 

wetlands.

The Orange County Water District has always viewed groundwater 

management as a long-term process. Eighty years after its inception, 

the District continues to be guided by vision and vigilance.  It is my 

distinct honor to serve as president of its Board of Directors. The 

Board, together with staff, recognizes the pivotal role the District 

plays in water resource management. Its innovative Groundwater 

Replenishment System is its legacy and a testament to its commitment 

to groundwater stewardship. Please join me in exploring the Orange 

County Water District’s remarkable 80-year history.
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introDuC

PrefAC
This history of the Orange County Water District (OCWD) is based in large part on a document prepared for OCWD by Joseph J. Milkovich & 

Associates of Huntington Beach, California. The document, entitled A History of the Orange County Water District and the River It Runs, 

was primarily the work of Barbara A. Milkovich, Ph.D. Algoe Ensley, former OCWD Records Manager, prepared the original acronym list and 

the glossary.

That document was submitted to OCWD in March 1998 and subsequently updated and reorganized to reflect the latest information in water 

issues and OCWD programs. Renamed A History of Orange County Water District, it was published in book form in 2003. Further updated 

and expanded by The Acorn Group, this second edition was released in 2014.

i n 1860 William Brewer, professor of agriculture at Sheffield 

Scientific School at Yale, accompanied the first geological survey 

party to study the terrain of California. He kept a detailed 

journal of his experiences. His early description of the broad riverbed 

of the Santa Ana River would still be quite accurate if the river had 

not been confined to a channel in Orange County. Even today during 

floods, the Santa Ana River appears formidable as it rushes to the 

sea. One can imagine that, loosed from its banks, it could flood the 

wide coastal plain now covered by asphalt and lined with buildings. 

The river’s floodwater has inundated parts of modern Orange County 

at least five times in the 20th century alone, destroying the homes, 

lives, and livelihoods of residents. Yet, for much of every year, it is 

a narrow, shallow stream that simply disappears into its riverbed 

about mid-county. As it disappears, however, its waters sink into a 

groundwater reservoir that is capable of holding some 2.5 to 3 million 

acre-feet of water (Bailey 1929, 5). OCWD hydrogeologists have since 

mapped and modeled the basin and estimate its total capacity to be 

10-40 million-acre-feet (Herndon 1999). California Department of 

Water Resources 1997 estimates place the usable capacity of this 

underground reservoir at about 1.25 million acre-feet (Van Haun 1997).

 At first, the basin’s supply seemed unlimited. By the 1930s, however, 

the groundwater level had dropped precipitously, indicating the 

basin was already overdrawn. If Orange County were to continue its 

economic expansion, the basin supply would have to be replenished 

and protected. To study the problem, the Farm Bureau and County 

Chamber of Commerce established a committee of agribusiness and 

civic leaders. The committee proposed legislation to establish a unique 

basin-wide management and conservation district for the valley. As 
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stated in the original 1933 Orange County Water District Act, the new 

district would monitor and conserve underground supplies in the 

Santa Ana Valley basin, and protect local water rights against outside 

users. While this basic purpose has remained in place, modern tech-

nology and science have made OCWD’s operation much more complex.

The first directors supervised day-to-day maintenance themselves, 

hiring engineers as needed or retaining attorneys to pursue litigation 

over water rights against upstream users of the Santa Ana River. But, 

by 2002, OCWD’s operation had grown to a staff of 186, including 

scientists, engineers, technicians, accountants, and attorneys. It 

owned more than 3,600 acres of land for groundwater recharge and 

had more than $70 million in annual operational funds. Groundwater 

management policies had expanded from clearing weeds in the river 

bottom to championing internationally acclaimed wastewater recla-

mation projects. Now in 2014, supported by a staff of 216 and annual 

operational funds that total $112.6 million, the District remains at the 

forefront of groundwater management and protection.

orange County Water Agencies
Several different kinds of water districts serve Orange County and 

have similar names, but often different responsibilities. Only one—

OCWD—manages the groundwater basin of the north and central part 

of the county. With the exception of treated wastewater for irrigation 

in the Green Acres Project, OCWD does not directly provide water to 

anyone. Its mission is to provide local water retailers with a reliable, 

adequate, and high-quality supply of water procured in an environmen-

tally responsible manner at the lowest reasonable cost.

The Metropolitan Water District of Southern California (MWD) 

provides water from the Colorado River and the State Water Project 

to Southern California. It wholesales this imported water to its 

Orange County member agencies, including three independent cities, 

Anaheim, Fullerton, and Santa Ana, and the Municipal Water District 

of Orange County (MWDOC).  MWDOC represents all of Orange 

County (excluding the independent city members of MWD), acting as a 

pass-through agency for MWD water sold to its constituent members, 

and sells additional untreated water to OCWD for groundwater 

recharge.

Special districts, including Irvine Ranch Water District, Mesa 

Water District, Yorba Linda Water District, East Orange County Water 

District, and Serrano Water District, which until recent decades were 

primarily agricultural water producers, also draw groundwater from 

the basin. In addition to these districts, private individuals and water 

companies also produce water independently from the groundwater 

basin. Directly or indirectly, they are tied to the Santa Ana River. 

Without Santa Ana River flows, north and central Orange County 

would be dependent on the Colorado River or northern California for 

most, if not all, of their water. Ultimately, the economy of north and 

central Orange County depends upon maintaining the Santa Ana River 

and its watershed basins to support an ever-growing population.

Although a skeptic would challenge its influence on the coastal 

areas of Orange County in the middle of a dry summer, the Santa Ana 

River is the largest coastal stream in Southern California. Flowing 

west from the San Bernardino Mountains, the river winds through San 

Bernardino and Riverside Counties before reaching Orange County 

and ultimately the Pacific Ocean. Its drainage area encompasses 

about 2,470 square miles, including a portion of Los Angeles County, 

and its total length is about 80 miles (Blomquist 1988, 3). Two of its 

main tributaries, Mill Creek and Bear Creek, originate in the San 
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Bernardino Mountains; a third, Lytle Creek, originates in the San 

Gabriel Mountains (M. B. Scott 1976, 7). Together these flow south-

westerly through the upper river valley, where other smaller tributary 

streams meet them, finally entering Orange County through a 12-mile 

gorge—the Santa Ana Canyon. Once on the coastal plain, the river is 

joined by Santiago Creek and flows to the ocean between Huntington 

Beach and Newport Beach.
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Santa Ana River, circa 1899. Photo courtesy of Anaheim Public Library. 1
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freshwater supplies and the  
serrano and tongva

the Serrano and Tongva lived along the banks of the Santa 

Ana River for thousands of years, drawn there by the vege-

tation and wildlife associated with each ecological region of 

the river’s watershed. For many, the Santa Ana River remains a part of 

cultural traditions today. In the upper San Bernardino Valley regions, 

villages of the Serrano Indians were tucked into the canyons. There 

they found shelter from winter storms, as well as abundant water and 

game. Village sites in the lower woodlands offered a steady supply of 

acorns, other plant foods, and game, as well as grasses and reeds that 

yielded fibers for basket making and home building. Encampments in 

lower reaches of the river—open grassland areas and riparian edges—

enabled both the Serrano and the Tongva to take advantage of deer and 

smaller animals that came to the river to drink. Fresh water also meant 

a steady supply of fish, fibers, and plant foods to sustain their lives and 

livelihoods. A number of communities thrived in the Santa Ana Valley 

along the Coyote Creek and the Santa Ana River. When the Portolá 

expedition crossed the Santa Ana River in 1769, its journalist, Father 

Crespí, noted a friendly village on the riverbanks (McCawley 1996, 60). 

He mentioned the Indians offered the travelers antelope, hares and 

seeds from their larder—typical resources derived from the grassland 

ecosystem.  

Other archeological evidence presented by author and historian 

William McCawley suggests that the Indians had temporary camps in 

the marshy regions at the mouth of the river. Since the coastal marshes 

flooded in winter storms, inland bands likely used the camps for 

seasonal hunting, shellfish gathering, and fishing bases. Several prob-

able locations on the bluffs of Huntington Beach and Costa Mesa above 

the river’s flood plain have been identified. They include the Newland 

House, Banning Estate, and Fairview and Griset sites (McCawley 1996, 

71-72).  

Water Works and the spanish Period 
Life on the coastal plain changed with the coming of the mission-

aries. Mission San Gabriel had jurisdiction over a wide area of the Los 

Angeles basin, including the Santa Ana Valley. In the late 1700s the 

Spanish padres attempted to convert the Serrano and Tongva Indian 

population to Christianity and teach them European ways of living. In 

the process, they were exposed to disease and threatened with punish-

ment. Forced to abandon traditional beliefs and practices meant 

changing the world of the Serrano and Tongva forever. 

Mission San Gabriel drew its irrigation water from nearby ground-

water springs and cienegas (marshlands) for the fields at the mission 

Early Spanish missionaries
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and other areas along the rivers of the valley. Eventually the Mission 

had some 6,000 acres of land under irrigation, including tracts at Santa 

Ana (Cleland 1941, 22; Blomquist 1992, 44). In about 1819, Indians from 

San Bernardino visited Mission San Gabriel. Seeing the irrigation 

works, they requested help in establishing similar structures on Mill 

Creek. Their resulting construction of the Mill Creek Zanja became 

the first such development in the upper basin (M. B. Scott 1976, 9). It 

remains in place nearly 200 years later.

Beginning in the late 18th century, Europeans introduced their 

concept of community control of irrigation and water management to 

Southern California as their colonies developed. What was once the 

land of Spanish clergy became the land of Mexican rancheros, Mormon 

colonists, and finally—in Orange County—German vineyard owners. 

According to Spanish law, no individual could claim the right to 

a stream flow. The right to use water was held in common within a 

community for the benefit of all, and did not supersede the similar right 

of downstream users. A watermaster, or zanjero, was charged with 

the responsibility of allocating water in proportion to the needs of the 

people and the quantity available. The pueblo (municipality) or irriga-

tion district was responsible for division of the water, development of 

water works, and protection of water quality for the stream as it passed 

by. Thus, formal concepts of communal sharing of water were applied 

to the river.

In 1810, the Spanish government granted a concession for grazing 

rights on the 62,500-acre Rancho Santiago de Santa Ana to retired soldier 

José Antonio Yorba and his nephew, Juan Pablo Peralta. Following the 

custom of the Spanish government, the land was not granted to the men, 

but rather, the rights to graze cattle on it. Because of its location, the 

rancho claimed riparian rights to the river flow, confirmed by the United 

States land commission in 1860. A rancho’s rights were subordinate 

to those of a pueblo. Generally limited to domestic use or watering of 

livestock, the rancho’s water usage could be expanded for crop irrigation 

or to operate a mill, as long as the use did not injure other downstream 

users. If, however, a rancher turned water onto his land to irrigate and 

no one complained, his use could be confirmed after a period of time. In 

the first recorded use of Santa Ana River water for irrigation, Yorba and 

Peralta diverted water to irrigate their crops and pasture land on the 

rancho (OCWD Annual Report 1983, 6).

Orange County Ranchos
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Water Works and the rancho Period 
When Mexico became independent from Spain in 1821, the influence 

of the missions began to decline in California. The newly independent 

nation secularized mission lands in the early 1830s and granted them 

to settlers. Under the secularization decree, Don Bernardo Yorba, son 

of José Antonio, received a Mexican land grant to the Rancho Cajon 

de Santa Ana on the north side of 

the river. In 1835, Bernardo Yorba 

built several irrigation ditches on 

the river in the vicinity of Bedrock 

Canyon, the narrowest point in the 

Santa Ana Canyon (Hall 1983, 634). 

Within a year, he was irrigating 

between 1,000 to 2,000 acres of 

cropland, vineyards, and orchards 

(M. B. Scott 1976, 211).  

Despite the transfer of land 

ownership from the missions to 

the settlers, the economy changed 

little. Yankee traders came into the 

region in the late 1820s and early 

1830s to trade household goods for 

hides, which they shipped by ocean-

going vessels to the eastern United States. Isolated on the West Coast, 

the Anglos intermarried with the Mexican ranch families and continued 

traditional cattle operations on the plains. Because it was so difficult and 

time-consuming to carry freight beyond the Los Angeles area, there was 

no outside market for perishables such as meat nor incentive to irrigate 

more land than needed for food to sustain the local population.

Water Works and the American Period 
In 1848, the Treaty of Guadalupe Hidalgo concluded the war with 

Mexico and made California part of the United States. James Wilson 

Marshall, a sawmill operator on the American River, discovered gold 

at virtually the same time, and the rush to California was on. Farmers 

came into Southern California and purchased rancho land to grow 

grain and other food crops for 

hungry miners. Ranchers began 

to graze cattle for their meat, not 

just the hides, because it was 

finally profitable to drive a herd 

north across the San Joaquin 

Valley to Sacramento.

Southwest view of the Bernardo Yorba adobe and shed, on Rancho Santiago de Santa 
Ana, circa 1910. Photo courtesy of Santa Ana Public Library.
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Artesian well in the late 1890s. Photo courtesy of Santa Ana Public Library. 5
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Mormon settlement and the Zanja

A fter the gold rush began, Mormon leader Brigham Young 

envisioned converts coming to Salt Lake City via the 

Pacific Coast, and also establishing a colony in the milder 

California climate. He planned a series of farming communities as stop-

ping points between San Diego and Salt Lake 

City. His followers founded a community at 

San Bernardino in 1851, purchasing land and 

water rights on Mill Creek. Just as they had 

in the arid Salt Lake region, the Mormon colo-

nists realized that irrigation was necessary 

in the San Bernardino Valley. No one knows 

today exactly how the irrigation water was 

divided among the colonists, but a commu-

nity commission administered the irrigation 

operations, and the labor to build the ditches 

was provided by the settlers in proportion to 

the acreage they farmed (Pisano 1984, 81-83). 

The colony of San Bernardino flourished until 

1857 when Young called his settlers back to 

Utah to meet a crisis there, and the farmland 

was sold to newcomers or abandoned.  

the Anaheim Colony and the  
Anaheim Water Company

As the Mormon effort fell apart, another cooperative colony began 

on the lower reaches of the river. The missions had successfully grown 

grapes in the coastal region before the Mexican period, but the vines 

had died out. Once gold seekers reached San Francisco in the early 

1850s, however, the city’s demand for wine increased. Western frontier 

trapper and tracker-turned-settler William Wolfskill and others began 

to grow grapes for that market and soon developed extensive vineyards 

near Los Angeles. In an effort to expand their production still further, 

San Francisco wine merchant John Frohling and his Los Angeles 

partner, Charles 

Kohler, looked 

for people in San 

Francisco who would 

be willing to come to 

the Los Angeles region 

to grow grapes. At his 

urging, a group of 50 

German immigrants 

agreed to establish a 

vineyard colony near 

the Santa Ana River. 

The Germans formed 

a stock company to 

purchase part of the 

Rancho San Juan 

Cajon de Santa Ana, on the north side of the river. Their agent, George 

Hansen, also secured a right of way across the remaining part of the 

rancho to the river and the right to fill their ditch from the river with a 

certain volume of water for irrigation of the 1,165-acre tract. Hansen 

supervised laying out the individual plots for vineyards and households 

in what became known as Anaheim, a home (heim) by the river (Ana).

Hansen also directed Indian labor construction of the irrigation ditch 

to carry water to the vineyards from the river.  

Mallory’s vineyard, 1898. Photo courtesy of Santa Ana Public Library.



7Drawing down the Basin

Once the vineyards were established, the colonists took posses-

sion of the individual plots of land and established a mutual water 

company—the Anaheim Water Company—to continue to admin-

ister the irrigation works. Each landowner owned one share in the 

company. This was a pioneering effort to develop a private water 

company, distinct from later municipal and district operations funded 

by taxes and bonds (Hundley 1992, 103).

Birth of santa Ana, orange, and tustin 
While the colonists on the Rancho San Juan Cajon de Santa Ana 

had purchased the right to a certain amount of water to irrigate 

their acreage, there was no volume limit on the riparian rights of the 

Rancho Santiago de Santa Ana. The original grant stated that Rancho 

Santiago de Santa Ana had the right to half of the waters of the river 

that came to it. When Rancho Santiago de Santa Ana was partitioned 

in 1868, the water rights went with each parcel—along with a right 

of way for a ditch to the river if the parcel did not border the river. 

Instead of joining together as the Anaheim colonists did to form a 

mutual water company to supervise irrigation, the landowners on this 

rancho dug small individual ditches, which were gradually abandoned.

By the mid-1870s, land developers were already establishing the 

new communities of Santa Ana, Orange, and Tustin on the Rancho 

Santiago de Santa Ana. Two of the men who purchased rancho land 

or took it in payment for services were attorneys A.B. Chapman and 

Andrew Glassell. Andrew Glassell’s brother, William, supervised the 

creation of Richland (now the city of Orange) some distance from the 

river. Since this had been rancho land, the development was entitled to 

water from the Santa Ana River. In order to bring water to the fledgling 

town, William Glassell widened and lengthened one of the abandoned 

ditches, constructed a small reservoir, and laid iron pipes to hydrants 

in the town site (Brigandi 19). Residents hauled water to their 

homes and orchards from them, including one at the Orange Plaza at 

Chapman and Glassell.

Two years later, the brothers formed the Semi-Tropical Water 

Company and transferred the ditch, now known as the A.B. Chapman 

Ditch, to it. The company then extended its lines to Tustin and Santa 

Ana (Hall 1888, 633).

Irrigation ditch used by the Anaheim Union Water Co., located on Albert Yorba’s 
property; view shows dry irrigation ditch in the foreground, and ruins of a one-story 
wood-frame house in the background. Photo courtesy of Anaheim Public Library.
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Anaheim Water Company v.  
semi-tropical Water Company

As people moved into the Riverside area and developed orchards, 

they used more of the river upstream from the ranchos for irrigation, 

allowing less to flow down to the coastal plain. While it appeared to 

Anaheim colonists on the north side of the river that the Semi-Tropical 

Water Company was taking 

more of their water, the upper 

basin diverters were the real 

culprits. The diminished flow 

would not have been a problem 

in wet years, but 1877 was a dry 

year and the river ran nearly dry 

at the ditch intake for Anaheim. 

Farmers in Anaheim, accus-

tomed to using as much water 

as they needed, had to haul 

water to save their vineyards. 

As a result, the Anaheim Water 

Company sued the Semi-

Tropical Water Company to 

regain its volume share of river 

water.  

Litigation of the river began 

with the lawsuit of Anaheim Water Company v. Semi-Tropical Water 

Company. A lower court decision stated that Anaheim was entitled 

to a supply of water to fill its main ditch. That decision was appealed 

to the California Supreme Court, which reversed the lower court’s 

decision and upheld the Semi-Tropical Water Company’s riparian 

rights to the river. The court, however, also recognized riparian rights 

invested in the Anaheim Water Company, stating that it had equal 

rights to use the water. Justices remanded the case to the lower court 

for a final decision, but suggested that instead of continuing litigation, 

the parties agree to an equitable division of the water, and devote 

their money to “proper development and use of it” (Hall 1888, 632). By 

the time the case was finally 

settled in 1883, the Anaheim 

Water Company had joined 

with other small ditch owners 

on the north side of the river to 

form the Anaheim Union Water 

Company. Meanwhile, the 

Semi-Tropical Water Company 

had been purchased by the 

Santa Ana Valley Irrigation 

Company, which was formed to 

irrigate all the river land on the 

south side. As a result of these 

consolidations, two private 

water delivery companies 

commanded the flow of the 

river in the Santa Ana Valley. 

They continued to supply water 

to their customers until the 1960s when OCWD purchased the jointly 

held land, the water rights of the Santa Ana Irrigation District, and the 

works of the Anaheim Union Water Company to prevent their purchase 

by upstream users (Pearson 1968).

Open canal of the Anaheim Union Water Company. Photo courtesy of Santa Ana Public Library.
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the irvine Legacy
The James Irvine family holds a prominent place in the county’s 

history as well as its water resources. Lured by the Gold Rush, James 

Irvine I arrived in California in 1848 and worked as a merchant and 

miner. His success as a business person enabled him to invest in real 

estate, both in San Francisco and what would become Orange County. 

Timing was everything. The Mexican land grant system dissolved once 

California entered the Union in 1850. The dons who once held title to 

vast ranchos found themselves owing property taxes they could not 

pay. While debt began eroding their wealth, severe drought began deci-

mating their cattle herds. Many had no choice but to arrange for quick 

sale of their holdings. James Irvine I became a silent partner in Flint, 

Bixby, and Company, a sheep raising venture based on Orange County 

land comprised of Rancho San Joaquín and Rancho Lomas de Santiago, 

and later, Rancho Santiago de Santa Ana. In 1876, Irvine bought out his 

partners, becoming sole owner of the Irvine Ranch, nearly one-third of 

present-day Orange County.

His son, James Irvine II, or “J.I.,” assumed control of the Irvine Ranch in 

1892 and founded The Irvine Company two years later. Aiming to maxi-

mize yield without losing control of the land, he established a program of 

tenant farming on the property. Sheep and cattle ranching gave way to 

the production of lima beans, citrus, sugar beets, barley, and other crops. 

The arrival of the railroad enabled The Irvine Company to tap a national 

market, while the construction of wells enabled it to tap into ground-

water. Water was not perceived to be an issue on such a marsh-dominant 

landscape. However, within 10 years, the water table dropped significantly 

and water conservation and management soon became a company priority. 

Dams and reservoirs, including Irvine Lake, were built on the Irvine 

Ranch, and water supplies were closely monitored.

James Irvine III continued the Irvine legacy, setting the way for 

his wife, Athalie R. Clarke, and daughter, Joan Irvine Smith, to carry 

forth the family vision. Members of The Irvine Company’s board of 

trustees and founders of both the Joan Irvine Smith & Athalie R Clarke 

Foundation and the National Water Research Institute, they have been 

driving forces in the support of water science research and technology.  

Early artesian well, circa late 1880s. Photo courtesy of Kern County Local History 
Photograph Collection. Kern County Library, Bakersfield, California.
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tapping Artesian groundwater 
The presence of groundwater in both the upper and lower river 

basins made it possible for growers to irrigate off-stream farms with 

wells. In the upper river basin, rich, porous soil caused small tributary 

streams to sink into it before they reach the river. Groundwater basins 

were filled as a result. The lower river basin was fed primarily by the 

river that ran across the upper basin, which was reduced by upstream 

irrigation use. Later estimates showed that less than half the mountain 

runoff ever reached the river, so great was the use in the upper valley 

(Bailey 1946, 3). In later years the disparity would create conflict 

among growers in the three counties, but in the beginning, there was 

enough water for all.

Where the river enters modern Orange County, water is also 

absorbed into the Orange County groundwater basin, underlying rich 

farmlands. Citrus ranchers and farmers irrigated from shallow wells 

sunk as little as 15 feet into the valley below the foothills. Closer to the 

coast, artesian springs flowed freely across peat lands. 

Called “the Delta of the American Nile” by enthusiastic boosters, the 

Fountain Valley area was filled with an almost impenetrable tangle of 

scrub trees, peat bog, and vines (Talbert 1982, 37). Between 300 and 

400 flowing artesian wells flooded this lowland area. Springs were fed 

by the seasonal Santa Ana River runoff and augmented by the flow of 

Santiago Creek. Although a few hardy individuals farmed the swamp’s 

edges at Westminster, its rich bottom land soil was too moist for 

cultivation. 

Determined farmers had to channel the artesian spring runoff 

before they could cultivate these swampy coastal regions. Since 

any drainage channel would have to go all the way to the ocean to 

be effective, landowners formed a municipal irrigation or drainage 

district to clear large sections of swamp. They assessed themselves to 

pay construction costs, and built a network of large ditches—fed by 

underground tile drains—to carry excess water to the ocean (Talbert 

1982, 60-61; Osborne 1998). By 1900, they had successfully drained the 

swamp to raise sugar beets, barley, lima beans, and other crops.  

Arrival of the railroad 
In 1887 the Santa Fe Railroad arrived at Santa Ana to break the 

monopoly of the Southern Pacific Railroad and connect the valley cities 

directly with the eastern produce markets of Chicago. Valley agribusi-

nessmen joined other Southern California growers to establish the 

California Fruit Growers Exchange (now Sunkist), further improving 

market access and increasing their profits as the citrus industry 

expanded in the 1890s. These economic changes brought substantial 

population growth to the riverbanks and correspondingly, more demand 

for water, both from the river and the groundwater basin. The changes 

also meant that the Santa Ana Valley was finally strong enough politically 

to separate from parent Los Angeles County. In 1889 county lines were 

drawn along the Coyote Creek and San Gabriel River, carving Orange 

County out of the southern section of Los Angeles County. 

tri Counties reforestation Committee 
In 1888 there were about 23,500 irrigated acres in Orange County. 

By 1904 there were 30,000 acres, and by 1912 50,000 acres. The water 

level in county wells started to drop and farmers wondered about 

their future supply of water. A federal study concluded in 1905 that 

the underground supply was being drawn out faster than it was being 

refilled, and urged conservation (Works Progress Administration 1936, 

Addendum 1).  
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In response, citrus ranchers in Orange, Riverside, and San 

Bernardino Counties formed the Tri Counties Reforestation 

Committee to improve groundwater conditions (Anaheim Gazette 

13 December 1906). The committee’s members were among the 

successful elite of each county. Conservationists and progressive busi-

nessmen at the same time, they wanted to protect and preserve nature 

to utilize its resources efficiently and expand their own fortunes. They 

realized that forest cover slowed the flow of the river and allowed 

more water to sink into the groundwater basin. If they were to 

increase or even maintain the groundwater supply, they had to protect 

the forest above the watershed. They began to lobby for federal funds 

to purchase more forestlands and reforest burned and lumbered areas 

in the San Bernardino Mountains. 

Water Conservation Association
Two years later, in 1909, the committee organized and incorporated 

the Water Conservation Association to manage water conservation 

projects in the upper river basin (Baker 1983, 2).

Under the direction of Francis Cuttle of Riverside, the association 

began to spread—or percolate—water in the porous debris beds 

at the base of the San Bernardino Mountains. Earlier experiments 

showed that spreading water over permeable soil and gravel beds 

could increase the quantity of available groundwater in the under-

ground basins. In theory the water would percolate underground from 

the upper basin to the lower one or drain by the river from one to the 

other. The spreading was funded largely at private expense. County 

governments, reluctant to pay for spreading efforts outside their own 

boundaries, nevertheless jointly funded studies of the flow. By 1930 

engineers in the lower basin questioned the value and the quantity 

of water produced in this manner for Orange County. Eventually 

they recommended that funding for the projects stop because it was 

perceived as not being to the county’s advantage.

Metropolitan Water District 
The entire Los Angeles basin population exploded in the 1920s. 

Orange County’s population nearly doubled during that decade to 

118,674 people. In the past, most Orange County communities had 

enough well water to furnish domestic water without endangering 

the irrigation supply. Now, however, there was doubt that the water 

supply could be expanded to serve both. In 1925 water engineer J.B. 

Lippincott reported to the Orange County Board of Supervisors that the 

overdraft was about 39,449 acre-feet, that the artesian area had shrunk 

from 315 square miles in 1888 to 52 square miles in 1923, and that the 

water table level was dropping 2.5 feet per year (Lippincott 1925, 2). 

Lippincott also discovered several breaches in the coastal geologic 

barrier between the ocean and the groundwater basin. When the level 

of water dropped below the breaches, seawater contaminated coastal 

water wells and could ultimately affect the interior groundwater basins. 

He recommended that the county seek domestic water from outside the 

groundwater basin and encouraged building a flood control and conser-

vation dam at Santa Ana Canyon to control the flow of the river.

Neighboring Los Angeles, undergoing the same kinds of urban 

pressures, had already built the Los Angeles Aqueduct to bring fresh 

water from the Owens Valley, over 400 miles away. It was not enough. 

William Mulholland, director of the Los Angeles Water and Power 

Department, proposed that the urban region import additional water 

from the Boulder Dam project, a flood control, irrigation, and hydro-

power project in proposal before Congress. He envisioned an aqueduct 
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from the Colorado River to Southern California that would bring river 

water to the thirsty region. The cost, however, would be enormous, so 

he encouraged other regional cities to join the planning and develop-

ment process.  

In 1924 the Boulder Dam Association—citizens lobbying for the 

hydropower, irrigation and flood project—proposed the affected cities 

form a new water district to build an aqueduct from the river to the 

Los Angeles general area, and distribute water to its member munic-

ipalities. It authorized another lobbying organization, the California 

Aqueduct Association, to draft and support state legislation to form 

the proposed Metropolitan Water District. 

Orange County political leaders helped draft the final provisions 

for the enabling act so the City of Los Angeles would not overwhelm 

the smaller municipalities in the district. The Orange County leaders 

insisted on a uniform rate for each class of water. In this way, they 

hoped to preclude increased rates for the Orange County cities to 

cover the cost of a trunkline extension into Orange County. Instead, 

OCWD as a whole paid for the pipeline as a part of the overall project 

cost.  

While farm interests were suspicious of the motives of Los Angeles 

and were concerned that the potentially powerful district might try 

to condemn local groundwater for domestic use, they were prag-

matic. Influential growers realized that if domestic water could be 

brought from outside, there would be more groundwater for irrigation 

purposes. The enabling legislation for the Metropolitan Water District 

(MWD) passed in 1927.

Cities that had their own municipal domestic water supply were 

eligible to join the new district. Anaheim and Santa Ana joined at once. 

Fullerton joined in 1931 when its city government realized its water 

supply was inadequate for economic expansion. Orange, the other 

eligible city in the county, chose not to join at the time, but eventu-

ally joined in 1951 as part of the Municipal Water District of Orange 

County. It was a decade before the Colorado River Aqueduct was 

finished and began providing water to the cities. Meanwhile, the civic 

leaders planned for expansion based on the availability of sufficient 

imported water. This optimistic view temporarily relieved concern 

about the future of the groundwater supply.

orange County flood Control District
The immediate problem along the river, however, was flooding. 

Ironically, Orange County faced both a water deficit due to over-

drafting of groundwater supplies and a dangerous surplus due to 

out-of-control flooding during winter storms. The great flood of 1862 

virtually marked the end of the ranching period in Southern California 

because it and the subsequent drought decimated an already weak-

ened cattle economy. The river flooded again in 1916, causing damage 

to crops and orchards in Orange County. It flooded once again in 1927. 

Although this flood was smaller than the one in 1916, the damage was 

greater because the population had doubled and the cultivated acreage 

in the flood plain had increased. 

Demographic changes in Orange County—reflecting those of the rest 

of Southern California in the 1920s—created new wealth. Men who had 

come to California during World War I returned with their families to 

establish small farms and orchards or to work in the new industries of 

the postwar economy. New residential districts were built on the flood 

plain. Farmers began to plant in the overflow land of the old Santa Ana 

River channel in the Anaheim area and in the outwash at the base of 

the mountains. The value of citrus and ground crops increased as more 
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acreage was cultivated. In 1911, for example, the entire citrus crop was 

valued at about $2.7 million; by 1927 its value increased to over $28 

million (Orange County Department of Agriculture 1911 and 1927). 

Discovery of oil in Huntington Beach attracted additional capital and 

industry to the county in the 1920s. The value of oil production in the 

county had increased from $6.5 million (1915) to more than $56 million 

(1927) in less than 15 years due to these major new petroleum strikes 

(California State Senate 1927, 60). No wonder the 1939 Army Corps of 

Engineers’ report on the potential need for Prado Dam prepared under 

Major Theodore Wyman, Jr., stated that “Orange County has been said 

to have the highest per capita wealth of any corresponding area in the 

country.” 

The Orange County Flood Control District (OCFCD) was created by 

the state legislature in 1927 at the request of the county’s mayors. It 

was designed to provide for control of the flood and storm waters that 

have their source outside the district, to conserve such water for bene-

ficial use by spreading, and to protect property within the district from 

flood damage. The district boundaries were to be the county lines, and 

its directors the County Board of Supervisors. The first proposal to 

fund flood control works on the river was narrowly defeated in 1929, 

largely because of the opposition of James Irvine and Susana Bixby, 

influential ranchers who opposed the location of a dam on the Santa 

Ana River. Two more proposals were defeated or withdrawn in the 

early 1930s due to the impact of the Great Depression. Finally, after 

the great flood of 1938 took 34 lives and caused some $14 million in 

damage to properties in the county, the Army Corps of Engineers built 

the dam as a federal facility (M. B. Scott 1976, 227).

santa Ana Basin Water rights  
Protective Association

Santa Ana Basin Water Rights Protective Association Water engi-

neer Paul Bailey’s 1929 report on the diminishing groundwater supply 

in the county was a wake-up call to agricultural interests. Southern 

California was in the middle of a multi-year drought despite occa-

sional flooding of its major streams. No longer could growers be sure 

that imported domestic water alone would ease future shortages; 

they needed additional irrigation water to continue expansion. Even 

in depression times, citrus production continued to increase. In 1929 

there were almost 44,000 acres devoted to orange orchards. That 

acreage rose to 48,000 in 1931 and to nearly 54,000 acres by 1935 

(Orange County Department of Agriculture 1931, 1935). 

The Farm Bureau formed the Santa Ana Basin Water Rights 

Protective Association to study the political problem of groundwater 

recovery and come up with a solution. Like the earlier water commit-

tees, this one was composed of prominent farmers and political 

figures from throughout the valley, including R.J. McFadden, L.J. 

Bushard, John Pope, R.A. Chaffee, W.C. Mauerhan, and J.J. Dwyer. 

H.C. Head and A.W. Rutan were retained as legal counsel. Edson 

Abel, of the California Farm Bureau Federation, a powerful lobbying 

group, assisted them on the state level in Sacramento (Lenain, Orange 

County Water District, 1983). The committee had two major chal-

lenges: to improve the condition of the groundwater basin and to 

prevent “outsiders” from taking water directly from the basin.

The Board of Supervisors of Orange County had given the water-

spreading project tacit support since they could not fund the 

experiments directly, and had contributed to tri-county studies to 

improve the river flow. As early as 1925, however, J.B. Lippincott 
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Rights Protective Association was formed, it rallied against an attempt 

by the City of Long Beach to buy water-bearing land in the Orange 

County basin. The association made a formal legal protest to the Long 

Beach City Council and threatened further legal action if its plans 

continued (Anaheim Gazette 12 March 1931). Apparently the threat 

of litigation plus the support of the Board of Supervisors deterred the 

city. Still seeking outside water, Long Beach joined MWD.

Laguna Beach lay outside the basin, but owned land and water wells 

on the flood plain between Newport Beach and Huntington Beach. 

The city was piping water through Newport Beach and Corona del Mar 

to its residents because it had virtually no other source of domestic 

water. Basin landowners resented Laguna Beach’s use of the local 

water and considered the city an outsider. Ultimately, Laguna Beach’s 

wells in the basin failed because of encroaching seawater, and the city 

was forced to import water.

warned that the benefits to Orange County had not yet been demon-

strated. Upper basin orchards were drawing their water upstream 

from Orange County, near the mountains. They were using water that 

might have percolated into the groundwater basin and finally come to 

Orange County in the normal stream flow. As a result, the anticipated 

supply was not reaching the lower basin. Bailey demonstrated in 1929 

that, despite several years of above-normal precipitation, the river 

stream had declined in the Prado area and, correspondingly, in north 

Orange County’s groundwater basin. He theorized the reduction was 

because of the increased pumping in upper basin wells, and warned 

that pumping would further increase because there was still land to be 

put under cultivation in the Riverside and San Bernardino area (Bailey 

1929, 24).  

Nevertheless, Francis Cuttle continued the Water Conservation 

Association’s efforts to spread water. Both Riverside and San 

Bernardino Counties began construction of new water spreading 

facilities near the mountains as the Great Depression began to affect 

Southern California’s economy (Anaheim Gazette 19 October 1933).

While Cuttle saw the new construction primarily as a means to 

provide jobs for the unemployed, the completed diversion works could 

have spread most of the flood flow that Orange County relied upon to 

replenish its own groundwater basin. As a result of these warnings, 

G.A. Elliott, a consulting engineer to the OCFCD, recommended that 

the county interests discontinue support of the upper basin spreading 

program (Bailey 1955, 3). Subsequently, the Irvine Company entered 

into a suit against upper basin users to protect its own rights to a 

portion of the river flow.  

Upper basin users were not the only sources of threats to northern 

Orange County’s water interests. Soon after the Santa Ana Basin Water 
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he Santa Ana Basin Water Rights Protective Association 

developed a series of proposals to protect the basin supply 

from outsiders and to encourage basin-wide conservation. 

These proposals led to the legislation that created the Orange County 

Water District (OCWD). The first attempts in 1931 to create a water 

district stalled in the legislature because of opposition from Orange 

County cities (Anaheim, Fullerton, and Santa Ana) that belonged to 

MWD. These cities expected to have MWD water deliveries in the 

future. Since they were already being taxed to pay for that outside 

water, they did not want to pay additional taxes for water they might 

not use. In the 1933 legislative session, the Association tried again. 

This time, the proposal eliminated MWD cities from the district and 

made several other changes to satisfy objections of the urban resi-

dents. Senator Nelson T. Edwards carried the bill, SB 1201, which was 

signed into law on June 14, 1933.

orange County Water District 
The bill as passed formed a district within Orange County of about 

156,000 acres, excluding MWD cities and part of the Irvine holdings. 

The new district had broad powers to protect the basin water supply. It 

was expected to provide:

•	 Management	of	the	groundwater	basin,

•	 Conservation	of	the	groundwater	supplies,	including	both	quantity	

and quality of the water, and

•	 Protection	of	Orange	County’s	water	rights	to	the	natural	flows	of	

the Santa Ana River (Wesner 1973, 1).

These obligations meant that the new district was to act as litigator 

for basin water rights, to import water from outside the watershed 

for basin replenishment and to control, conserve and reclaim flood 

and storm water for beneficial use in the basin (OCWD Annual Report 

1983, 16). Its activities would be funded by an ad valorem tax on real 

property within the district. Unlike the flood control district, which 

was directed by the County Board of Supervisors, this new district had 

a board of seven directors, each representing a subregion within the 

district. The directors were elected within each division on the prin-

ciple of one vote per each $100 of assessed valuation of property owned, 

so that each property owner would have a voice in proportion to his 

financial interest in the district. Nothing like that had been tried before 

(Anaheim Gazette 14 September 1933). Undoubtedly to forestall hostile 

challenges, OCWD supporters instituted a friendly suit against its levy 

Original OCWD Board of Directors, circa 1933.
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and taxation provisions, and the legislation was upheld in court (Los 

Angeles Times 1 September 1934).

The first directors of the new district were Roy Browning, Frank B. 

Champion, William Schumacher, William C. Mauerhan, William Wallop, 

C.A. Palmer, and Willis Warner. Warner, later a multi-term member of 

the Orange County Board of Supervisors, was elected president of the 

board.  

Almost immediately the directors discovered that they needed to 

amend the enabling act if they were ever to seek outside water. In the 

haste to pass the original bill, a section had been inadvertently dropped 

which would allow them to get water from outside the basin. They 

discovered that in order to get the bill amended, they had to agree not 

to take water from the Mojave Valley, located on the eastern side of 

the San Bernardino Mountains. The water was plentiful there, and the 

region had not developed as fast as had been expected. As a result, 

Mojave Valley did not use all of its water for crops. Water specialists 

in the Los Angeles region had already considered condemning water 

rights in this valley as well as for the Colorado River in their search for 

imported water, so the political interests were alert to the possibility 

of a takeover. Mojave legislators threatened to block the bill unless it 

specifically stated that OCWD would not file for water rights on the 

valley’s water. The bill was amended so that Mojave water rights could 

not be affected, and it passed, to the relief of the OCWD directors. 

irvine Company v.  
Water Conservation Association

It took a couple of years for OCWD to organize itself and prepare to 

take on litigation responsibilities for the basin. Finally in 1937 OCWD 

directors intervened in the Irvine suit against water spreading by the 

upper basin water users. James Irvine II, as the largest landowner in 

the county, had initiated the suit to protect his own water interests. 

It was obvious, however, that if his interests were protected, those of 

the rest of the basin would be as well. Farm Bureau leaders thought 

that the suit was the proper responsibility of the entire basin, not just 

James Irvine, and that James Irvine should be reimbursed for his court 

costs. In 1936, both sides agreed to a five-year study of the river flow 

to be conducted by a three-man panel of experts. This study was to 

be the basis for a decision on the amounts of water to be allocated to 

each of the parties involved. OCWD, wary of litigation, sought arbi-

tration of the issues as the preparations for court continued. In a 1940 

letter, James Irvine argued for arbitration. “I know of nothing more 

indefinite, intangible, with definite undiscernible, excessive costs than 

a nice, juicy water law suit,” he wrote to Dian Gardiner, secretary of 

OCWD. “In my opinion no opportunity should be lost at any time to 

come to any reasonable compromise settlement in any water issue.” 

The agreement, reached in 1942, reduced the amount of water that 

could be spread in the Santa Ana River, Mill Creek, and Lytle Creek 

basins upstream to ensure that Orange County would have water from 

the Santa Ana River (M.B. Scott 1976, 224). It also placed monitoring 

and administrative responsibilities on the defendants (Blomquist 

1992, 250). Although this was not the final litigation on the river, it set 

the limits and conditions for future spreading and secured Orange 

County’s rights to the stream flow.

During the study period, there were several years of above-average 

rainfall, resulting in an increased river flow and percolation into the 

groundwater basin. Experiments suggested that management of the 

spreading areas could increase the percolation, and OCWD continued 

to buy river land for that purpose. Flood control was the primary 



THE HISTORY OF ORANGE COUNTY WATER DISTRICT18

purpose of Prado Dam when it was completed in 1941. The holding 

back of water increased the amount available for percolation into lands 

below the dam owned by OCWD. The dam, however, was constructed 

with ungated openings to avoid involving the federal government in 

local water rights issues; consequently, for many years it was impos-

sible to hold back water for seasonal storage (Osborne 1998). 

Conservation and replenishment
In addition, to increase the recharge capability of the riverbed, the 

OCWD directors began conservation projects along the river in conjunc-

tion with the flood control district and private landowners. As property 

became available in the riverbed, OCWD purchased it to use for 

replenishment experiments. OCWD added heavy tractors and trucks 

to its fleet to sculpt the riverbanks and clear brush as strategies to 

improve percolation in the gravel beds. OCWD also built a double-row 

iron fence along the riverbank, planting willows between the rows to 

prevent soil erosion on the riverbanks. These small-scale experiments 

gave OCWD engineers the confidence to begin spreading operations on 

a large scale in the late 1940s and 1950s.

World War ii and Military Bases
Even before the Irvine suit was settled, a potentially more serious 

problem developed. When war engulfed Europe, the United States 

began preparations to support the Allies. In 1940, the Army began 

Water passing through Prado Dam on its way to Orange County.

Upper Santa Ana River headgate
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construction of Camp Haan, an anti-aircraft camp outside Riverside, 

near March Field. Riverside proposed to supply the new camp with 

water from its wells, which were in the upper river basin. This basin 

supplied the rising stream of the river into Orange County, and, 

according to a 1940 memorandum of protest from Paul Bailey, about 

two-thirds of the water that reached the county. Since upper basin use, 

still under adjudication, was already imperiling the Orange County 

supply, this new demand appeared to further threaten the county’s 

orchards and field crops. Although OCWD was supportive of the 

efforts of the military to meet the crisis, it was cognizant of the intra-

basin water shortage and determined to protect its water rights for 

local irrigation. Bailey suggested bringing Colorado River water to the 

base via MWD pipelines instead of pumping precious groundwater. He 

and OCWD’s attorney, A.W. Rutan, lobbied strenuously in Washington 

to convince the Army to use MWD water as soon as the pipeline 

connection could be constructed. 

According to the exchange of letters between Bailey, Rutan, and the 

Army, the final agreement between the Army and the City of Riverside 

allowed the use of a maximum amount of basin water for a short time 

until MWD could deliver Colorado River water. It specifically said 

that this was an emergency allotment for the wartime effort, not an 

entitlement to the future use of basin water. Since MWD rules required 

an entity to be a member of the district to receive water service, MWD 

directors also had to declare a wartime emergency to permit delivery 

of Colorado River water to the Army (Oshio 1992, 117). Instead of 

becoming a problem for OCWD because of its use of groundwater, 

Camp Haan became an early opportunity for MWD to sell its surplus 

water and demonstrate to a skeptical population that Colorado River 

water was fit for domestic use. 

At the beginning of World War II, Orange County was still a sparsely 

settled agricultural region. War brought county land to the attention of 

the military seeking new bases along the coast. The Marines chose El 

Toro as an air base. “It was perfect—few and far away neighbors, close 

to the ocean so pilots could practice carrier landings, within range of 

desert bombing ranges and near Camp Pendleton” (Soja 1992, 116). 

Orange County people were caught up in the effort to supply water for 

the war effort. Editors of the Laguna Beach South Coast News were 

El Toro air base (1962). Photo courtesy of Great Park Design Studio.
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only too aware of the increasing burden of the military bases nearby in 

the thirsty region. A September 22, 1942 editorial spoke of the neces-

sity of furnishing water to the military and concluded: “A shortage of 

water here would immediately curtail the war effort at one of its vital 

centers” (Oshio 1992, 118). In 1942, cities along the Orange County 

coastline formed the Coastal Municipal Water District and annexed to 

MWD to ensure their domestic supply and thereby reduce the burden 

on the valley’s groundwater basin. Once again, OCWD supported MWD 

with lobbying efforts. When the federal government first rejected 

MWD’s plea for a pipeline to reach the new coastal district, prag-

matic OCWD spokesmen intervened and convinced skeptics that the 

pipeline was critical. Rationed materials were then made available for 

construction of the pipeline from Santa Ana to the coast.

first report on Water supply in the  
Lower santa Ana Basin  

By the end of the war, the cities of Anaheim, Fullerton, and Santa 

Ana, and the Coastal Municipal Water District all had connected to 

the MWD system and were receiving domestic water. Nevertheless, a 

new study (Gleason 1945) showed that approximately 123,500 acre-feet   

per year were still being pumped from the groundwater basin. After 

figuring the normal natural replacement, the groundwater basin was 

still being overdrawn by about 12,000 acre-feet per year. Just as Bailey 

had predicted, when groundwater was drawn down below sea level by 

the overdraft, seawater filtered into the coastal areas and threatened 

to pollute the entire groundwater basin. Several coastal wells had 

already been contaminated and abandoned, so the fear of contamina-

tion was warranted. It was imperative that OCWD act to replenish the 

groundwater basin, just to maintain the status quo.

Even more discouraging than the current overdraft situation was 

the realization that Orange County might not have water available for 

industrial expansion. Without adequate water supplies, the county 

was limited in its ability to attract new industries first drawn to the 

county by the prospect of less expensive acreage. OCWD directors 

threatened that if the overdraft was not corrected, they would have to 

oppose postwar expansion and industrialization to protect the current 

water users (OCWD Directors 1945). George Gleason, who prepared a 

report for OCWD and the California Department of Water Resources, 

made several recommendations in his study for improvement, 

which he described as “akin to ‘scraping the bottom of the barrel.’” 

Nevertheless, he suggested that OCWD might be able to salvage the 

12,000 acre-feet per year through wastewater conservation behind 

Prado Dam, improvement of the percolation basins below the dam, 

increased efficiency in the use of irrigation water, and reclamation of 

sewage water. 

Under a seven-point program, OCWD directors began to imple-

ment Gleason’s recommendations to improve the quantity and quality 

of the groundwater. Among the study programs were agreements 

with the California Department of Water Resources to sample and 

analyze the quality of water in the basin and to study evaporation 

and transpiration below the dam. Other studies involved reclama-

tion of wastewater and better irrigation techniques. On a proactive 

note, OCWD maintenance crews constructed barriers in the river to 

prevent channelization, thus allowing the percolation of water over a 

broader area of the river. Finally, OCWD encouraged other cities in the 

county to take more of their water directly from MWD and formed a 

committee to figure out how to increase the supply of imported water 

(Poland 1947).
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Still, this was not enough. 

Postwar growth was greater 

and demanded even more water 

than engineers had anticipated. 

In little more than a decade, the 

population of Orange County 

doubled to 270,000. Significantly, 

crop acreage dropped and indus-

trial development increased. By 

1952, of the total estimated need 

for 250,000 acre-feet of water per 

year, 80 percent was for indus-

trial and domestic use, while 

20 percent was for irrigation 

purposes—exactly the oppo-

site of the pattern in the 1920s 

(Crooke 1965, 3). If the overdraft 

was not halted, accumulated water might be used up in the foreseeable 

future. To make matters worse for water planners, the county entered 

a long drought period in 1945, and water levels, which had been high 

in 1944, began to drop once again. Predictably, during the next decade 

water levels in the district’s 3,500 pumping wells dropped an average 

of 38.5 feet, and ocean water intruded three to four miles into the 

Fountain Valley area (Crooke 1967, 5).

reducing overdraft
OCWD directors had hoped that natural replenishment would fill the 

basin, but clearly they had to obtain outside water and limit produc-

tion from the basin by adjudication or other means. MWD was finally 

delivering water to Orange 

County through its new pipeline, 

but only members regularly 

received it. OCWD was not a 

member agency, and because it 

did not retail imported water, did 

not qualify to become one. Even 

if OCWD could obtain emergency 

supplies to halt the overdraft, 

it did not have enough money 

from its property tax funds to 

purchase the needed quantities.  

Legally the directors could 

put a special assessment for 

replenishment before the voters 

and hope they would allow it, 

but a special assessment was a 

temporary levy, and replenishment was a long-term endeavor. Not only 

were the directors unsure of approval, they knew that the assessment 

would not be temporary. Property owners within the district who were 

also within MWD’s area would, conceivably, be paying for the Colorado 

River water twice—through their taxes for the MWD system, and 

for replenishment through OCWD. And finally, because all property 

owners within the district paid the ad valorem tax whether or not they 

produced groundwater, use of the tax to purchase water appeared to 

subsidize groundwater pumpers at the expense of nonpumping prop-

erty owners (Blomquist 1988, 27).  

Other means of financing the replenishment had to be located for 

the long term. The alternative was to lose the groundwater, suffer 

OCWD Board of Directors, circa 1965.
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possible subsidence, and fund an extensive and expensive above-

ground pipeline feeder system for imported water (Blomquist 1988, 26). 

In the immediate water emergency, however, MWD agreed to sell some 

water for replenishment. The County Board of Supervisors paid for the 

deliveries from OCFCD funds in 1948-1949, 1950-1951 and 1951-1952 

while OCWD sought other ways to fund its imports. 

At the time imported water was readily available from MWD. MWD 

was eager to perfect its right to Colorado River water in anticipation 

of a future legal challenge, so it was able to secure and deliver surplus 

water to Orange County (Blomquist 1988, 26). The delivery actually 

met one of MWD’s goals, to use surface water to replenish groundwater 

supplies in the general region (Oshio 1992, 155).

George Osborne, who was manager of the OCFCD at the time, vividly 

recalled the first deliveries of MWD water. “This water was introduced 

upriver at Arlington where the transmission line from Lake Matthews 

crosses the river. They opened the valve and the water sprayed out 

several hundred feet, and fell into the river. That was the initial delivery 

of water to Orange County” (Osborne 1997). The water, however, was 

not actually used for replenishment. Anaheim Union Water Company 

and the Santa Ana Valley Irrigation Company diverted it to serve their 

customers. In turn, the two water companies refrained from pumping 

an equivalent amount of water from the basin (Osborne 1997).
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Orange groves give way to housing tracts in Orange 
County, 1960s. Photo courtesy of Orange County Archives. 23
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from Croplands top Housing tracts

orange County of the 1950s was a different place from Orange 

County of the 1920s and 1930s. Until the war years, the rural 

landscape was mostly farmland and oil fields dotted by 

independent towns. In the north citrus was king. Citrus ranchers made 

comfortable lives from a few acres of lemon or orange trees. In the 

plains prosperous truck farmers planted a variety of crops for market. 

Petroleum fields in the Huntington Beach and Fullerton areas brought 

transient wealth to those communities.  

After the war, though, the pace quickened. A few housing tracts 

were built in northern Orange County for workers commuting to Los 

Angeles. More housing followed the new freeways into the orchards 

and open countryside. Los Angeles’ economy was booming from the 

wartime aircraft industry. The city was already congested. Land costs 

within the central industrial and commercial areas had begun to spiral 

upward. By the mid-1950s, the aerospace industry began to take shape 

throughout Southern California. To compete in the new industry, 

major aircraft companies established large branch plants outside the 

urban center, many of them among the remaining orange groves of 

northern Orange County. Land was less expensive than in Los Angeles, 

and there was plenty of it for industrial uses (A. Scott 1986, 9). The 

land only lacked sufficient water to attract these new industries.

Although Orange County leadership was politically cautious, it was 

profit-minded. Farmers saw that the days of agriculture were drawing 

to a close. The “quick decline” disease had begun to attack a few citrus 

orchards, and they were becoming less profitable. Groundwater in 

other orchards had fallen below the level of their pumps. In Irvine, for 

example, it dropped to 60 feet below sea level (Owen 1997). While the 

pumpers could set their pumps even lower into the basin, the pumping 

process took more energy and was more expensive at the lower 

levels. Raw land values were increasing rapidly and, as it had been 

in the 1920s, water was still a critical part of land values. If owners 

wanted to be able to get top dollar for their property, they would have 

to ensure that there was a constant supply of water for urban and 

industrial uses. There was strong talk of adjudicating the basin to 

determine each pumper’s rights, or of stopping new pumpers from 

taking water out of the basin (Owen 1997). The groundwater basin had 

to be stabilized or economic expansion would be sharply limited.

Committee of twelve 
In the spring of 1952, the Farm Bureau and the Associated 

Chambers of Commerce recognized that OCWD had to be able to 

replenish the groundwater basin with imported water if the county 

were to reach its maximum growth potential. The Orange County 

Water Basin Conservation Committee was created in June 1952 to 

investigate the possibility of recommending a procedure for raising 

funds for the purchase of outside water to replenish the underground 

basin. All users of the common supply were to be included in any 

formula offered (OCWD Minutes 9 July 1952). Their objective was 

threefold: to protect the groundwater from salt water intrusion, to 

replenish both the annual and long-term overdraft with imported 

water, if necessary, and to find a way to pay for it (OCWD Minutes 8 

October 1952). The committee became known by its informal name: 

the Committee of Twelve. Some of the most influential agribusiness 

and businessmen in the county took time to be involved. 

The membership list read like a county business and political “who’s 

who”:  Glen Allen, prominent in MWD and OCWD policy making; 

Courtney Chandler, mayor of Santa Ana, the county seat; J.W. Crill, 
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president of the OCWD board; W.B. Hellis, representing the Irvine 

Company; John Murdy, incoming state senator; Walter Knott of Buena 

Park, owner of Knott’s Berry Farm; industrialist H.H. Kohlenberger 

of Fullerton; Charles Pearson, mayor of Anaheim; Walter Schmid, 

representing the still-powerful Farm Bureau; Ross Shafer, prominent 

water and land consultant; E.T. Watson, representing the Santa Ana 

Valley Development Company, owner of the conservation lands behind 

Prado; and Roy Seabridge, mayor of Huntington Beach and member of 

the OCWD Board of Directors (OCWD Minutes 9 July 1952).

The members of the Committee of Twelve were not developers; for 

the most part they were farmers who wanted to be able to sell their 

land for the highest return (Owen 1997). They believed a common 

pool of water in the basin was worth more to the land than a limited, 

individually adjudicated share of the current groundwater supply. 

That meant they had to handle the water rights differently than other 

districts in the region which had gone to court to adjudicate individual 

rights.  

Over a period of four months, the committee arrived at a proposal. 

According to Howard Crooke, who soon would become the first OCWD 

secretary-manager, the committee reached two conclusions in its 

deliberations. One was that they did not want to adjudicate the basin’s 

water because the action would lead to a “philosophy of scarcity.” The 

process of adjudication was long and involved litigation of the quantity 

of water each producer was entitled to receive. Langdon (Don) Owen, 

who became the second secretary-manager of OCWD, recalled that 

the thinking at the time was that if each producer took the rights to 

a certain quantity of water as an individual, he would get only about 

25 percent of the water he needed. If, however, the producers did 

not establish individual rights, but acted as a group, they would be 

able to manage and replenish the basin so that all had more water 

(Owen 1997). The second conclusion was that equitable financing for 

importing water to replenish the groundwater basin was the most 

practical solution to having adequate water for landholders and inhabi-

tants alike (Crooke 1965, 3).

These politically conservative men made a number of socialistic 

recommendations that were incorporated into a revision of the OCWD 

Act. In doing so, they set a new course for OCWD. They set aside their 

individual property rights concept in favor of a basin-wide use policy 

in which they would share the surplus in wet years and the shortage in 

drought. According to Don Owen, Howard Crooke called it a policy of 

surplus rather than shortage. He said that every producer in the future 

would have an equal right to pump as much water as he could bene-

ficially use, but that each would also have the obligation to pay the 

costs of replacing his yearly extractions to continue making the basin 

as productive as possible (Owen 1997). Crooke and the others who 

promoted the new concept knew that everyone could not get all they 

needed from the basin, regardless of how much additional water they 

could produce in common action. They expected to purchase MWD or 

other imported water to make up the difference.  

This was a difficult concept to implement, further complicated by 

opposition from all sides. Traditionally, groundwater basins were 

adjudicated among the users. The idea of a non-adjudicated common 

pool basin was difficult to reconcile. Farmers feared they would lose 

agricultural water to the cities if they did not establish rights to it, and 

cities feared they might not obtain any legal right to the groundwater 

without adjudication. Nevertheless, the committee recommended 

the common pool approach without adjudication, a policy that has 

continued for over 60 years. 
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Up to this point, the three MWD member cities from Orange County 

had been excluded from OCWD. These cities, however, were pumping 

about 50 percent groundwater. If they remained outside the district, 

they could not be required to pay for the replenishment water. On 

the other hand, the three cities did not want to pay OCWD for replen-

ishment water through ad valorem taxes because they were already 

paying for MWD water in their property tax rate. A method of assess-

ment had to be developed to include the cities without double taxation.

Since the district had been primarily an agricultural entity, voting 

was on the basis of property value. An early proposal from the 

committee had suggested a popular vote for the directors. If that 

happened, the agricultural interests could be outvoted easily by urban 

interests. OCWD counsel, A.W. Rutan, expressed the property owners’ 

viewpoint in a letter to the Board of Directors on December 29, 1952: 

“Personally, I do not like a popular vote in Districts of this kind. 

Persons owning no property are too willing to vote large bond issues 

and assessments which the property owners have to pay.” As a result 

of his influence, the voting policy remained unchanged for the time 

being.

The committee members proposed changes to the law that 

addressed most of the general legislative concerns. Membership was 

extended to cover MWD cities as individual units within the district. 

Each city’s governing board was permitted to name a director who 

would serve the same length term as the elected directors from the 

different geographic subregions. Voting outside the cities would 

continue to be by property value, but there would be no direct vote 

within the cities. Technically, while city residents had no direct 

vote on their choice of director, they did elect the city officials who 

appointed them. By the middle of the 1960s, however, large parcels 

of agricultural land had been purchased by outside interests intent 

on developing them commercially, and there were many more home-

owners within the district subregions. Voting by property value was 

no longer a protection for agriculture or other local small property 

owners, but instead reflected different outside interests. The method 

of electing directors was modified by amendments to the Act in 1967, 

which put the vote in compliance with the general election voting laws 

(California Codes). After this, directors were elected in the geographic 

regions on the basis of one vote per registered voter. The cities of 

Anaheim, Fullerton, and Santa Ana, however, continued to appoint 

their representatives.

Water level gauge at Warner Basin.
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To meet the three cities’ objections to double taxation and to put the 

burden of payment on those who used the groundwater, the committee 

proposed a gross pump tax on future water production. Under this 

concept, everyone paid alike, on the basis of the amount of water they 

produced, regardless of when they began to pump from the basin. 

There would be no special protection for those who had been in the 

basin for a long time, nor special reservations on newcomers. The 

committee rejected an ad valorem tax to pay for imported water to 

meet future overdrafts, but agreed that the current landowners, whose 

land had appreciated greatly in the past decade, could be taxed to add 

enough water to the basin to replenish the current overdraft (Owen 

1997).  

The proposed amendments set up a two-tier tax system: an ad 

valorem tax to cover OCWD’s expenses in setting up the new system 

and to pay for enough water to slow the seawater intrusion, and a 

“pump tax,” called a replenishment assessment (RA), based on each 

pumper’s yearly extraction to pay for water to replace the estimated 

future annual overdraft (Weschler 1968, 16-17). Beginning in 1954, 

each pumper, or producer, was required to register the city’s well(s) 

with OCWD, maintain records of the amount withdrawn during the 

year, report that figure, and pay a tax (the RA) in proportion to the 

amount of water used. The tax would be established after completion 

of an engineer’s report that indicated how much water had been used 

in the previous year, estimated the amount that could be extracted 

safely, and calculated how much water would have to be imported 

to maintain the groundwater at a safe level. For the first time, the 

entire basin supply was placed under the management of a single 

water entity. Although each of the producers was free to use the water 

needed, each producer was now responsible to a governmental agency 

for documenting all extractions. Because a producer would pay a tax 

on what it removed, based on the condition of the entire basin, the 

producer was forced to consider how its efforts affected the ground-

water supply.

State Senator John Murdy, a member of the committee, introduced 

the bill amending the OCWD Act in the 1953 legislative session, and it 

became law in June 1953, to be effective in 1954.

replenishment Assessment and registration 
Until this time there had been little need for either a permanent 

office staff or an administrator. The board met regularly and handled 

its business by committee. Secretarial support was often provided 

by someone in a member’s personal office, and expert advice was 

provided by consultants. By 1952 conditions had changed and District 

responsibilities had multiplied. Permanent staff was needed. The 

OCWD Board of Directors hired its first full-time administrator and 

secretary in 1952-1953. Thelma Willoughby became a full-time office 

manager/secretary in 1952, and Howard Crooke became secre-

tary-manager in 1953. Both, according to a later manager, Neil Cline, 

were critical to the early success of the new structure. Crooke was 

the “rough and ready” personality who implemented the amendments, 

convincing producers to support the concept of pooled resources. 

Willoughby was the gentle diplomat and organizer who often dealt 

with disgruntled producers in the district office and helped them 

understand the new regulations. Although the board had received 

applications from several qualified engineers for the position of secre-

tary-manager, its members decided against hiring a technical expert to 

manage OCWD. They looked instead for someone with administrative 

ability, diplomatic skills, and a close familiarity with the local condi-
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tions. The board’s general feeling was that they could hire an engineer 

when they needed that expertise (OCWD Minutes 22 July 1953).

Crooke was from Garden Grove and had managed a Sunkist citrus 

warehouse. He had no engineering training, but was a farmer, with a 

farmer’s instinct on how to manage water. Neil Cline characterized 

him as a gruff person, a deep thinker. “He could be quite charming,” 

he said, “but was very businesslike, very goal-oriented, and a genius” 

(Cline 1997). Crooke had the persuasive ability to convince the 

ranchers that their land was of limited value with a water scarcity 

problem, but with an adequate water supply had limitless value. If 

they would sacrifice their individual rights for the good of all, they 

would all benefit. He made them realize that this was a good business 

decision, and a good farming decision (Cline 1997). Apparently, no one 

really believed Crooke when he started out to promote the program, 

but by the force of his personality, he succeeded. His successor, 

Don Owen, said that Crooke convinced the skeptics that the pump 

tax would be used for the purchase of water only. “I can buy neither 

the pencil nor the eraser to audit this account out of the pump tax,” 

Crooke would say “I can only buy water.” Even after the amendments 

passed, there was disagreement over the mechanics of a pump tax. 

Charles Pearson tried to smooth feelings after a particularly heated 

meeting. ”It [the amendments] is a new theory, sort of a trial and error 

proposition, and that is the way we have to accept it...” (OCWD Minutes 

9 June 1954). As Crooke and the Committee of Twelve had hoped, the 

efforts to increase production were successful and instrumental in 

promoting Orange County’s urban development. In about 1964, Crooke 

made the following comments about the cost of importing MWD water 

for replenishment in the basin and alternate use:

 Payments made by the people of Orange County to The 

Metropolitan Water District of Southern California in the form of 

water charges and taxes for the entire period from the formation 

of MWD in November 1928 to July 1, 1963 total $61.5 million. 

In the eleven-year period from 1954-55 to 1964-65, the taxable 

assessed valuation of the area of the Orange County Water 

District increased by $1.1 billion. Actual values of these proper-

ties in this same period increased more than $3.8 billion. The 

$61.5 million in payments to MWD are but 1.6% of the increase 

in actual values of these properties that have taken place. This 

is cheap insurance, indeed, for the development of an area that 

could not have occurred without a water management program 

that guaranteed a firm and adequate water supply (Crooke 1965).

Municipal Water District of orange County
In 1951 several more Orange County cities—Huntington Beach, La 

Habra, Orange, Placentia, Seal Beach, and Tustin (Oshio 1992, 186 fn. 

59)—realized that they, too, would have to join MWD and purchase 

domestic water to serve their expanded populations. MWD’s policy 

was that cities could join as geographic groups, which included the 

surrounding rural areas. The cities, therefore, formed the Orange 

County Municipal Water District, soon renamed the Municipal Water 

District of Orange County (MWDOC). MWDOC promptly joined MWD, 

representing the cities and most of the underrepresented portions of 

the county as a pass-through agency to obtain MWD imported water. 

Once MWDOC became a member, OCWD purchased imported water 

indirectly from MWD through MWDOC.   

OCWD’s policy for the period from 1954 to 1964 was to fill the 

groundwater basin in an attempt to keep out the seawater and ensure 
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an adequate supply of fresh water. Crooke acted 

swiftly because there were already out-of-state 

challenges to California’s entitlement to Colorado 

River water, and no one was certain how long 

MWD would have a surplus to share. After the first 

replenishment assessment (RA) was collected in 

1954, OCWD began to purchase MWD water in 

large quantities for replenishment. In 1954 OCWD 

purchased 50,000 acre-feet of water from MWD 

at a cost of $500,000. OCWD spent $3,247,136 to 

purchase 234,789 acre-feet  in 1963 at the peak of 

the program (Blomquist 1992, 258). 

the Politics of spreading Basins 
It took several years of spreading to make a 

difference in the water levels. In 1956 the water 

dropped to its lowest point, as much as 40 feet 

below sea level, and seawater intruded 3-1/2 miles 

inland (Blomquist 1992, 257). Then the basin 

began to recover. By 1964 the overall water level 

had reached 1944 levels; however, the aquifer had 

shifted as a result of subsidence and pumping patterns. While the 

water level in the forebay (the area where spreading took place) was 

some 50 to 80 feet above the 1944 level, seawater was able to intrude 

into some of the coastal areas where the level was still below sea 

level (Blomquist 1988, 42; Weschler 1968, 33-34). Worse, if OCWD 

continued to add water in an attempt to block the intrusion, it would 

recreate the swampy conditions that gave the Fountain Valley area the 

appellation of “Gospel Swamp.” Like the rest of the valley, that area 

had been extensively developed with 

homes and businesses. OCWD did 

not want to be seen as responsible 

for a long-abandoned artesian well 

bubbling up in someone’s backyard 

because the basin overfilled. The 

OCWD engineer’s report said that the 

basin was probably as full as it could 

be, and recommended that spreading 

be reduced even though seawater 

intrusion continued (Weschler 1968, 

34). Subsequently, the basin equity 

assessment (BEA) and basin produc-

tion percentage (BPP) programs were 

established to control the quantities of 

groundwater throughout the basin.  

In the mid-1950s, when OCWD 

began to prepare its recharge basins 

to capture as much imported water 

and natural flow as possible, no one 

realized the consequences of massive 

water spreading to properties near the spreading grounds. The plan 

was simply to prepare percolation basins to handle the additional 

water. Because of the strong economic climate, there was a demand 

for the sand and gravel that would be removed to create these basins.

Two freeways were being built through the county at that time, 

in addition to other major construction projects in the region. They 

all required enormous amounts of fill materials. Commercial sand 

and gravel companies excavated pits 40 to 50 feet deep in the porous 

Storm flow spilling over drop structure en route to ocean.
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ground adjacent to the river to 

provide base materials for the heavy 

construction. As OCWD began to 

add water in the river spreading 

grounds in Anaheim, water would 

seep into the gravel pits and hamper 

operations. The result was conflict 

with the owners. Owen recalled that 

“these people played very rough. 

Howard [Crooke],” he said, “could 

stand like a bulldog if he had to.” 

Crooke fought desperately to estab-

lish the rights of OCWD to spread 

water in the forebay and resisted the 

opposition of the sand and gravel 

people to any spreading. In addition, 

he and Owen worked closely with 

George Osborne, then manager of 

the flood control district, to improve 

flood control works, permit wider 

spreading operations, and improve public safety (Owen 1997).

When they first began to improve the spreading beds in the Anaheim 

forebay, Crooke planned to have sand and gravel pits dug by district 

personnel and their extracted material sold. That would have put 

OCWD in competition with the private companies. The potential 

competitors protested, stopping Crooke’s original approach. Instead, 

the sand and gravel operators removed the sand and paid OCWD 10 to 

15 cents per ton for the material. As OCWD continued to spread water, 

it purchased additional sand and gravel property in the forebay area 

and excavated additional spreading 

basins. Crill Basin, purchased in 

1957, was one of the first. Later 

named Anaheim Lake, it became a 

popular fishing spot.

With this purchase, Crooke 

began a new policy. He treated the 

sand and gravel removal as a public 

works contract, setting conditions 

and specifications for the opera-

tion. Everything was done under 

a bid contract. This way he could 

enforce performance, and most 

importantly, was able to increase 

the price of the material to $1.42 

per ton. OCWD purchased the land 

for $20,000 an acre and received 

$45,000 in revenues from the sand 

and gravel contract revenues. With 

this kind of return, OCWD could 

afford to purchase even more gravel land for percolation and continue 

the spreading operations (Owen 1997).  

At the same time OCWD began spreading MWD water to recharge 

the basin, it also began another suit against the upstream users 

to protect its rights to the Santa Ana River flow. This suit, filed in 

1951, was against the four major upstream cities—Riverside, San 

Bernardino, Colton and Redlands—to limit their water production and 

protect the river’s flow into Orange County (Blomquist 1992, 255). Like 

Orange County’s cities, these cities had grown during the war years 

Reconstructed sand levee in river
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because of the military bases nearby. As they expanded their use of 

groundwater increased, in part because none had joined MWD to get 

outside water. OCWD sued to force a declaration of the rights of these 

cities to water, and to ensure that they take only the amount stipu-

lated. The case finally reached court in 1957. It was determined that 

the cities had a right to the amount of water they used in 1946 at the 

start of the five-year period before the initial suit was filed. Their water 

use was scaled back, and OCWD’s share of the water increased. The 

case was last appealed in 1961, but the basic judgment held (Blomquist 

1992, 257).

orange County Water District v.  
City of Chino, et al.

Two years later the inflow of water at Prado from the Santa Ana 

River decreased due to the upstream users (Blomquist 1992, 261). 

This necessitated a new and larger-scale suit. In 1963 OCWD filed suit 

again, this time to require an adjudication of the entire upper basin 

and ensure a minimum level of water for Orange County, regardless 

of the use and needs of upper basin pumpers. The case, OCWD v. 

City of Chino, et al., was really aimed at all water producers above 

Prado Dam. Crooke, according to Owen, had run out of patience with 

negotiations over the water rights of the upper basin. The two basins 

had been the subject of litigation for 30 years, but the problem of 

assuring a specified quantity of water for Orange County remained. As 

Crooke’s assistant, it was Owen’s job to bring the dispute to a satis-

factory conclusion. Owen, with his Sacramento lobbying experience, 

knew the principal figures involved with the upper basin and was able 

to negotiate an agreement (Owen 1997). The final settlement came in 

1968.   

The stipulations generally allocated the natural supply of water 

between the basins and left individual rights within the basin for 

users of the water basins to determine internally. OCWD was given 

the rights to conserve and store storm water behind Prado Dam in 

Riverside County, and all parties agreed that water which passed 

through their treatment facilities and into the river must meet the 

water quality standards of the Santa Ana Regional Water Quality 

Control Board. The settlement stated that pumpers on the upper basin 

had to ensure that an average of 42,000 acre-feet of base flow reached 

Prado Dam annually. Further, it stipulated that the volume required 

would be adjusted for quality using a formula based on the quantity of 
Sand and gravel mining at Burris Pit, 1974.
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total dissolved solids in the water. The new rules were to be adminis-

tered by a joint Watermaster Committee made up of representatives of 

each of the major districts above Prado and OCWD. This committee 

would compile a yearly report of the water flow and quality (Superior 

Court of the State of California 1969).  

OCWD needed more land for spreading operations by the close 

of the Chino suit. It already owned Anaheim Lake and six miles of 

riverbed stretching from Imperial Boulevard to Ball Road, managing 

it in conjunction with the Orange County Flood Control District 

(OCFCD) for spreading and flood control. However, additional 

spreading grounds did not come without conflict.  

Construction continued throughout the north county at a steadily 

increasing rate. Manufacturing had become the county’s major 

industry, eclipsing agriculture. Many of the major aerospace and 

aircraft employers had built plants in the Fullerton and Anaheim 

areas. Land prices in the best percolating areas of the river were esca-

lating because the properties were ideally suited to small businesses 

that served major industries. This land, although ideal for manufac-

turing, was also ideal for water spreading. If OCWD were unable to 

acquire enough open acreage before industry developed, the spreading 

program would be constrained. To be successful, OCWD had to 

contend with landowners who might give their land away just to have 

construction that would bring more business into the area.  

OCWD directors purchased 95 acres on the north side of the river 

for a percolation basin, now Warner Basin, in 1966. Ten years later, 

in 1976, they purchased a portion of the Kraemer property near 

Anaheim Lake and the flood control district’s Miller storm retarding 

basin to complete a series of interrelated storage basins. At the same 

time, they purchased the Burris Pit, near Ball Road, and enlarged it 

as a recharge and conservation basin (Blomquist 1988, 49). In 1983, 

OCWD purchased two sand and gravel pits along Santiago Creek for 

additional recharge capacity. These were joined to the Burris Pit by 

a pipeline so that additional river water could be transferred from 

Burris to the Santiago Creek recharge basin.

As OCWD accumulated land along the river, it came in conflict 

with county residents. Anaheim citizens did not want to see the river 

changed or turned into a gravel pit. They wanted the area to remain 

undeveloped for recreation. People in other areas were disgruntled 

that OCWD was spending all of its money in the forebay area without 

seeming to benefit them. Owen realized that the protests could lead to 

the stoppage of all spreading programs. To forestall this and provide 

something for the entire district population, OCWD directors dedi-

cated 10 percent of the sand and gravel gross revenue to recreational 

activities along the river (Owen 1997). Several years after the purchase 

and filling of Burris Pit, a creative concessionaire developed a golf 

driving range over it, complete with distance markers set on islands, 

and floating golf balls. These recreational facilities, developed with the 

financial assistance of OCWD, are open to the public. In addition to the 

water-oriented recreation sites, Owen and Cline worked with OCFCD 

to build trails along the river banks as part of the countywide eques-

trian, hiking and biking trail system (Cline 1997). Today, these trails 

remain an important, well-traveled feature in the river landscape.

The newly acquired basins gave OCWD added recharge capability, 

but did not address the problem of how to balance the use of water 

throughout the district. Producers could draw as much water as they 

needed, regardless of location, since there were no restrictions on 

pumping. That meant a pumper in the coastal area could pump the 

groundwater below sea level, allowing seawater to reach the basin, 
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while in another area, a producer might not pump enough to permit 

adequate recharging. 

Basin equity Assessment 
According to George Osborne, Owen came up with a plan to regulate 

the pumping (Osborne 1997). Owen thought the groundwater basin 

should be used in conjunction with MWD supply. If customers would 

purchase MWD water during the year, and use groundwater primarily 

for peak-need periods, the groundwater basin could be used to store 

water for emergency drought periods when imported water was 

scarce. He described the outcome of his scheme as a bathtub in which 

you could raise and lower the water level at will. In a period when 

water was plentiful, OCWD could add to the basin supply, conserving 

additional water against a dry period when producers would draw 

heavily on it and lower the level. All the persuasive powers that Crooke 

and Owen could muster were needed to convince the cities to coop-

erate in a conjunctive use program by taking at least 50 percent of 

their water from MWD, since it was more expensive than groundwater 

(Owen 1997).  

The OCWD Act was amended in 1969 to implement Owen’s 

proposals. He envisioned that each year engineers would determine 

how much water could be safely pumped from the basin to meet the 

estimated total needs of the district. In most years this figure had 

been less than the total estimated need, which must be made up with 

imported water. The estimate of water to be pumped from under-

ground versus that to be imported is expressed as a percentage figure, 

the basin production percentage (BPP). While producers are theoreti-

cally obligated to take water in that ratio, OCWD does not necessarily 

expect them all to do so. In some cases, as in the coastal area, OCWD 

may want one producer to pump less than the stated percentage. In 

other cases, a producer may not be able to obtain MWD water and 

therefore has to pump all groundwater.  

Historically imported water costs much more than groundwater, so 

providers were reluctant to purchase more than they required to meet 

their obligations. If the BPP were to work, the cost of imported water 

had to be subsidized so producers would use it instead of groundwater. 

In order to make the cost equitable for those who take imported water, 

OCWD assessed producers who pump more than the BPP based on 

the difference between the cost of the additional groundwater pumped 

and the cost of an equivalent amount of MWD water purchased. This 

assessment is known as the basin equity assessment (BEA). Then 

OCWD determines which water retailers cannot pump the maximum 

groundwater percentage—or which ones it wants to produce less from 

groundwater—and pays them the difference in cost from the fund 

established by overproducers’ assessments. Theoretically, the total 

cost for every water retailer in the district is based on the same ratio 

of groundwater and MWD water (Owen 1997).

This program came about not only because of Owen’s vision, but 

also because of the flexibility of the District Act. The legislature could 

amend it when it was necessary to make adjustments or devise new 

management programs. This program, as well as others that changed 

district operations, was a result of a management decision, not users’ 

decisions. If, according to Owen, you left the choice up to individual 

producers to limit production or pay district assessments, you might 

not get their cooperation.  

Owen’s metaphor of a bathtub had a flaw that he recognized. The 

sides of a tub are all the same level. The “bathtub” of the Santa Ana 

Valley groundwater basin had breeches along its coastal front. Even 
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when OCWD engineers could theoretically raise and lower the level, 

they had to “patch” the hole in the coastal walls before they could 

actually control the basin. There was a geological barrier at the 

coastal edge of the basin that had openings in at least two places, the 

Alamitos Gap, near the mouth of the San Gabriel River, and the Talbert 

Gap, in Fountain Valley. Seawater could seep into the basin through 

them, if the fresh water level was not maintained above sea level.

salt Water Barriers 
OCWD began a joint program with the Los Angeles County Flood 

Control District to maintain a fresh water barrier at Alamitos in 1965. 

The seawater intrusion at this gap affected both Orange County and 

the central basin of Los Angeles County, including the Long Beach 

area. As a barrier against the sea at the mouth of the San Gabriel River, 

OWCD placed 26 injection wells in the area to force fresh water into 

the basin. Water for these injection wells originally was secured jointly 

through Los Angeles County Flood Control District and OCWD from 

MWD (Blomquist 1992, 151).

Talbert Gap required a different solution. Studies began in 1965 

to plan for protecting this barrier area (Wesner 1973). It would have 

required nearly six times the quantity of water to create an adequate 

barrier similar to the one at Alamitos. Supplies of that magnitude were 

uncertain, and, if available, would probably cause the water table to 

rise unacceptably again in Fountain Valley (Blomquist 1992, 266). 

Several outside forces influenced the planning of a barrier at Talbert 

Gap. A 1963 Supreme Court decision (Arizona v. California) limited the 

amount of water California was guaranteed from the Colorado River, 

giving Arizona a larger share than California had anticipated. Since 

California had been using the additional water, it was necessary to 

reduce consumption. MWD, which had a lower priority for water than 

some agricultural areas, would stand to lose 70 percent of the total 

quantity lost, or about 662,000 acre-feet per year. Thus the surplus that 

OCWD counted on could disappear (Hundley 1992, 323).  

Pursuit of Local Water supplies (extraction 
and injection Wells)

OCWD management hoped to get additional water from the State 

Water Project, designed to deliver surplus northern California water 

to the water-short south. It had been approved earlier, but controversy 

began over the damming of northern rivers to capture the excess 

water for transport. During the social upheaval of the 1960s, some 

people took a look at their environment and began to question whether 

they were really improving the quality of life by making substantial 

and irreversible changes to the natural environment. The political 

consensus moved away from and challenged traditional attitudes that 

did not consider the impact of new developments on the environment. 

Water projects were subject to intense scrutiny. In particular, the 1963 

dam at Glen Canyon created ill feeling among environmentalists and 

a resolve to limit future development of several wild rivers that had 

been planned as part of the State Water Project. In 1971, this resolve 

hardened into the Wild and Scenic Rivers Act (Hundley 1992, 306). It 

was no longer certain that the project would be completed in order to 

deliver the anticipated amount of water for district operations.
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Development of Water factory 21 

in the 1960s the shared sentiment of most water planners was that 

there might not be surplus water for Southern California beyond 

the next 20 years. Mindful of the possibility, Owen urged the 

development of additional local water, knowing it would take 20 to 30 

years to perfect the technological processes (Environmental Coalition 

of Orange County 1974; Owen 1997). To do so, however, he had to 

develop a program that would be politically acceptable throughout the 

basin and still provide extensive protection for the coastal barrier. He 

conceptualized the plan as a program that would add storage capacity 

to the basin because it gave the flexibility of raising or lowering the 

water level at will without the danger of seawater breaching the gap. 

This approach was acceptable because it emphasized that the entire 

basin was to benefit from the cost of stopping seawater intrusion in 

the coastal areas (Owen 1997).  

Owen’s plan consisted of two sets of wells, one for injection, and the 

other for extraction. Extraction wells were placed about two miles 

inland, to pull the seawater out of the aquifer. This caused a depres-

sion in the groundwater basin level. At the same time, injection wells, 

placed four miles inland, added water to the basin. Because of the 

depression, the fresh water tended to flow toward the ocean, forming a 

mound of water as a barrier to seawater intrusion. By careful moni-

toring, the engineers would be able to determine how much water to 

inject to maintain the slope of the basin.   

Don Owen was a brilliant engineer, according to Neil Cline, who 

succeeded Owen as manager. He never worried about money to fund 

an idea; if a project was worthwhile, he thought the money would be 

there (Cline 1997). Although OCWD could have purchased expensive 

MWD water at least for the time being, Owen decided to develop a 

multimillion-dollar treatment plant to provide wastewater that had 

been brought to drinking water standards for injection. This was still 

expensive water, but he thought it was cheaper than building a pipe-

line from MWD connections to Fountain Valley, where it was needed 

(Owen 1997).

There had been talk as early as 1929 about trying to process waste-

water for replenishment, but the technology had not been developed. 

Finally, in the mid-1960s, district engineers decided to consider 

treating wastewater for injection along the coast at Talbert Gap. The 

directors purchased land next to the sewage treatment plant for a pilot 

plant to conduct experiments in tertiary treatment of the wastewater 

Aerial view of Water Factory 21, circa 1971.
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before it was injected and to monitor the 

experimental injection wells. Meanwhile, 

Howard Crooke retired from OCWD and 

Don Owen, his assistant, became secre-

tary-manager. Owen hired Neil Cline, a 

geologist he had known when both were 

working for the California Department 

of Water Resources, as assistant to 

oversee the injection experiments. Owen 

and Cline thought they would be able to 

inject treated wastewater into the barrier 

where it would mingle with the other 

waters and be diluted. The first experi-

ments found that the treated water was 

too saline and did not dilute, but stayed 

in a mass (Cline 1997). Experiments 

continued for several years under the 

supervision of the State Department of 

Health. Finally by 1971, both OCWD and 

the health department were satisfied 

with the advanced treatment’s capacity 

to remove organics and, together with 

deep well fresh water or desalinized 

seawater, form the barrier mound of 

fresh water.

The timing of the pilot plant was 

auspicious. The Department of the Interior’s Office of Saline Water 

(later the Office of Water Resources and Technology) was interested 

in developing a joint desalinization project in Southern California, and 

had talked to MWD about building 

a desalter plant. MWD showed less 

interest than OCWD at the time 

because of the costs. OCWD was 

interested since the experimental plant 

would be one more way to develop 

water for the barrier project, and 

offered the potential of additional 

potable water for the future. Jointly 

funded by the federal government and 

OCWD, the project began in 1971 with 

construction of an advanced recycled 

water treatment plant and desalter. The 

technical operation process was almost 

too much for a general audience to 

comprehend, although most welcomed 

the potential for more fresh water. In 

a 1975 article, Owen recalled how the 

project got its name, “Water Factory 21.”

According to Owen he had been 

invited to discuss his brainchild at a 

League of Women Voters meeting in 

Newport Beach. He began by saying 

something like, “The plant consists of 

a seawater desalting module that will 

combine two flash distillation methods, 

vertical tube evaporation and multi-stage flash, and a wastewater 

reclamation plant using lime coagulation, clarification and solids 

settling, ammonia stripping, recarbonation, mixed/media filtration, 

Excerpt from Director Segerstrom 1973 testimony.
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carbon adsorption, and chlorination.” One woman in the front said, 

“What?” Owen repeated his description, which was no more enlight-

ening the second time through. The woman said, “But what does it do?” 

Owen replied that it cleaned up sewage and made fresh water out of 

ocean water. “Oh,” the woman said. “It’s a water factory.” Owen liked 

that, and though he says he met with some initial opposition, that did 

become its name. The “21” was added to connote the plant’s futuristic 

technology and implications (Environmental Coalition of Orange 

County 1975).

Since he did not think a manager could be effective for more 

than five years at a time, Owen left OCWD in 1973 to go into private 

consulting practice. Neil Cline succeeded him and followed through, 

bringing Water Factory 21 on line. 

The prototype wastewater treatment plant went into operation in 

April 1975. In June the desalter unit was completed and put into opera-

tion by the federal government. Although designed for a five-year pilot 

study, it operated for less than a year before the project was canceled 

(Los Angeles Times 23 April 1976). Cline recalled that almost from the 

beginning, the directors knew the joint project was doomed for several 

reasons. The first was an increase in operation costs. The desalter was 

designed to clean 15 million gallons per day (mgd), but even though it 

was only producing 3 million gallons per day in the demonstration phase, 

it used the same amount of fuel as if the plant were in full production. 

Overall fuel costs had gone up dramatically as a result of the 1973 

Oil Embargo, making the demonstration concept less practical. The 

economy was faltering and federal programs were reduced or phased 

out, as funds became difficult to secure. Of the eight federal desaliniza-

tion projects testing different methods of operation, five were canceled, 

including this one (OCWD’s) (Huntington Beach Independent Review 

25 October 1975). As of April 30, 1976, the Fountain Valley plant’s opera-

tion was halted, and the plant placed in standby condition.

Withdrawal of support by the federal government left OCWD in a 

difficult position. The directors had committed funds not only for the 

desalting plant, but also for the wastewater treatment plant, which 

was now operating. Confident in the availability of demineralized 

seawater, OCWD had planned on having 30 mgd of reclaimed water, 

including the desalted seawater, for injection in the barrier. Now, 

OCWD had to find another way to get higher quality water to blend 

with the wastewater. Cline remembered the political battle he fought 

to get federal funding to continue the desalter. He recalled wryly that 

he was unsuccessful in getting the administration to continue the 

project even though millions had been spent on it. “It came down to an 

advisor to President Ford saying ‘We regret the local inconvenience.’” 

(Cline, 1997). Although he was able to get some Congressional support 

and a little more funding, the seawater plant was obviously dead.

Pursuit of new Projects
Resilient district engineers settled on a method of improving the 

quality of wastewater for injection. They turned to reverse osmosis 

(RO), a process not used before in wastewater treatment. In this 

process, water is passed over a series of membranes that filter out 

salts and other impurities, leaving water that meets drinking water 

standards. OCWD engineers believed that they could blend the treated 

water with water drawn from deep wells to produce a blend suit-

able for injection into the water table. The pilot operation, however, 

produced only 5mgd of the water required for injection, and an acti-

vated carbon adsorption process was used to purify the remainder of 

the wastewater component.
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In an interview, Bill Dunivin, Water Factory 21 plant manager, 

remembered the years of research that perfected the operations. “This 

was an entirely new concept,” he said. Visitors came from around the 

world to examine the new plant and learn about the technology OCWD 

was developing. At first the cost was high (over $1,000 per acre-foot), 

but by 1996, it had come down to within a few dollars of the cost of 

imported water. The initial cost of reclaimed water was a concern, but 

the planners expected it to be high in the beginning and anticipated 

that it would decrease as new technology became available. 

Dunivin noted that the plant had provided the freedom to research a 

variety of technologies and that the cooperation of the water industry 

manufacturers who supplied experimental materials for testing was 

outstanding.  

Water Factory 21 has become the success its proponents anticipated. 

After five years (1976-1981) of experimentation, a Stanford study stated 

that “no evidence was found that would indicate that this reclaimed 

municipal wastewater would pose a significant health risk if used as 

a source of municipal water supply” (OCWD Annual Report 1983, 33). 

In 1991 OCWD reached its ultimate goal when it received a permit to 

inject undiluted product water from Water Factory 21 into the ground-

water basin. These endorsements were important to the future of 

the project. Both Fountain Valley and Huntington Beach drew their 

domestic water from the basin in the vicinity of the injection wells. 

Reverse osmosis (RO) membranes.

Reverse osmosis plant inside Water Factory 21, circa 1990.
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The treated wastewater had to meet municipal standards because it 

was likely to mingle with groundwater in the cities’ wells.  

In 1978 when the California State Ballot Proposition 13 passed, 

restricting the rate of increase of property tax and rolling the level 

backwards, many public agencies were devastated. OCWD funding, 

however, came from the replenishment assessment (RA), as well as 

the ad valorem tax, so OCWD had an untouched source of money to 

continue operation. 

The District Act was 

amended to permit 

use of the RA for all 

purposes instead 

of just the purchase 

of imported water. 

Under the old method 

of assessing the ad 

valorem tax, OCWD 

had estimated its 

yearly needs and set 

a rate accordingly. 

After Prop 13 the rate 

was set as a portion 

of the one percent 

tax rate allowed on 

real property in the 

county, regardless of 

what the anticipated expenditure was. 

During this wet period, OCWD did not spend as much for imported 

water as it had projected. The current projects had been built, and there 

was a lull in new construction. As a result of these factors, OCWD 

accumulated reserve funds. In the mid-1980s, the county Grand Jury 

noted that OCWD had a surplus of public money and faulted it for 

continuing to collect more (Osborne 1997). There was even a recom-

mendation that OCWD return the money to its constituents if it was 

not used. Clearly, OCWD had to invest in new projects if it were to 

protect its resources.

Looking back in 1997, Cline characterized his 12 years as secre-

tary-manager (1973-1986) as a period of general operation following 

OCWD’s expansion into wastewater recycling. Additional projects 

were proposed to use the reserve funds, but all efforts were concen-

trated on the development and operation of Water Factory 21. Cline 

later accepted the position of general manager at Santa Ana Watershed 

Project Authority, and ultimately retired in 1998.

Guests touring Water Factory 21.

Serving punch with reclaimed water, circa 1980.
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Modernizing orange County Water District

W illiam Mills, a private consultant and former employee 

of the California Department of Water Resources, was 

the board’s ultimate choice to succeed Cline in 1987. 

Mills recognized that OCWD needed a long-term improvement plan 

to continue the programs that had been started under both Owen and 

Cline. He made a number of changes to modernize OCWD’s opera-

tions, including changing his title from secretary-manager to general 

manager, creating a finance department, and integrating a complex 

computer system for data management. Under his direction, OCWD 

developed an eight-point plan for groundwater management. The 

plan provided for: “water quality monitoring, contaminant cleanup, 

regulatory agency support, toxic residuals removal, hazardous waste 

management, technical information, public disclosure, and periodic 

evaluation of overall policy effectiveness” (OCWD 1994, 17). Slightly 

modified, these points have continued to guide district planning.

To carry out his goals, Mills developed a capital improvement plan 

that identified “a couple hundred million dollars” worth of facilities 

to be built within the next five or six years to increase the amount 

of groundwater that could be pumped. His financial plan increased 

the revenue base of OCWD by raising the RA. “With the stability of a 

higher revenue base, OCWD secured additional outside funding for 

the planned improvements” (Mills 1997). The ultimate benefit of this 

capital improvement plan was the capacity of OCWD to slow down 

increases in water costs for retail water agencies.

green Acres Project
Having proved it was possible to treat wastewater for injection, 

OCWD staff began another program to develop tertiary treated 

wastewater for urban irrigation use. Until this time, county golf 

courses, public parks and landscaping were watered with drinking 

water because the treated effluent—or outflow—from the sanitation 

district did not meet water quality standards for reuse. The Green 

Acres Project was designed in the mid-1980s to provide this reclaimed 

water for use within five miles of the plant. Operational in 1991, the 

plant initially provided water for nearby Mile Square Park. Secondary 

treated wastewater was piped from the Orange County Sanitation 

District (OCSD) to the adjacent OCWD reclamation plant in Fountain 

Valley, treated to a tertiary level and piped out for use. Since this time, 

additional reaches of pipe have been installed to serve Santa Ana and 

other cities beyond the five-mile range (OCWD Annual Report 1991, 

A-6). Since 2002, the Green Acres Project has provided nearly 7,000 

acre-feet of water a year to customers in Fountain Valley, Huntington 

Beach, Costa Mesa, Newport Beach, and Santa Ana. 

Analytical Water Quality Laboratory
The permits that allowed OCWD to build Water Factory 21 required 

an increase in the sophistication of staff to meet the challenges of 

developing and monitoring the new project. The proposal called for “a 

highly qualified operation and maintenance staff of about 14 persons 

including one superintendent, eight operators, one chemist and four 

maintenance men” (Wesner 1987, A-13)  Laboratory services—initiated 

in response to the needs of Water Factory 21—continued to expand, 

monitoring water quality at wells throughout the district.  

Dr. Yvonne Shen, a research chemist trained at the University of 

Massachusetts, established the first of the two labs—the water quality 

lab—in 1973. This lab was planned to monitor the water quality 

of Santa Ana River water and the demonstration injection wells of 
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Water Factory 21. When the EPA rules for water quality became more 

stringent, requiring extensive testing for more chemical contaminants, 

OCWD took over that responsibility from the Orange County Health 

Department and added it to the work of Shen’s lab. The workload 

increased dramatically and other technicians were hired to assist. 

In 1991 the lab processed 176,900 analyses for a network of over 400 

monitoring and production wells. The water quality lab’s responsibil-

ities continued to increase, as did its size and level of sophistication 

of its testing equipment. It earned a high level of accreditation by the 

State of California for complete chemical, physical, and microbio-

logical analysis of groundwater and wastewater. As a result of this 

approval and recognition, the lab’s technicians conducted testing 

not only for OCWD and its producers, but also for OCSD facilities as 

well (Shen 1997). To meet this growing demand, OCWD expanded the 

laboratory by adding 1,000 square feet of space and acquiring new 

equipment, including four new high-performance water-testing instru-

ments. OCWD chemists use these and other instruments to test for 

new contaminants to very low detection levels (e.g., parts per trillion). 

Advanced Water Quality Assurance 
Laboratory

OCWD’s Advanced Water Quality Assurance Laboratory opened in 

2009. Housing additional chemists, lab technicians, and water quality 

monitoring personnel, the laboratory handles over 400,000 analyses 

of approximately 20,000 water samples each year. The new laboratory 

also supports the water quality testing requirements for the innovative 

Groundwater Replenishment System (GWRS).

Reflecting “green design,” the new laboratory building was 

constructed with locally manufactured materials with recycled 

components and low emissions of volatile organic compounds. 

Further, recycled water is used for onsite landscape irrigation. Key 

design strategies from the federal government program, Laboratories 

for the 21st Century (Labs21) have been incorporated into the design.  

The work in the water quality laboratory involves meticulous record-

keeping and careful, constant monitoring of water quality parameters, 

an understated contribution vital to the health of OCWD and the 

groundwater producers. 

research and Development Laboratory
OCWD’s research laboratory is another dynamic contributor to the 

future of water technology. Like the water quality lab, it grew out of 

the need for research for Water Factory 21. David Argo, former district 

engineer, recruited Harry Ridgway, a post-doctoral research scientist 

at the University of California, Irvine, to study the problem of a fouling 

layer (slime) on RO membranes. Argo and Cline decided that district 

management needed to set up a research lab. At first OCWD directors 

were skeptical, but they agreed to establish an annuity to fund the lab, 

and Ridgway was hired to continue research on RO membranes (Cline 

1997). Since then the research laboratory has expanded to include 

other scientists and state-of-the-art equipment. Its projects have 

included continued RO membrane studies and other bacteria-related 

research such as percolation enhancement in the recharge basins and 

biological treatment of groundwater contaminants (OCWD Annual 

Report 1995-1996). Current research focuses on advanced oxidation 

processes (AOP) like the ultraviolet/hydrogen peroxide process used 

with GWRS, sediment removal by prefiltration before percolation 

of river water, fouling of both microfiltration and reverse osmosis 

membranes by nanoparticles, and factors affecting the mobilization 
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of metals in aquifer materials by low ionic strength waters such as RO 

product water.

improved recharge Capabilities in the Basin
When the Orange County Water District v. City of Chino, et al. 

decision was handed down in 1969, it was a mixed blessing. Orange 

County was assured of a water supply for recharging and production. 

OCWD facilities, however, had to be improved to take advantage of the 

additional base flow and storm flow that would come downriver from 

Prado Dam.  

A major project envisioned by OCWD engineers was to develop 

storage basins at Santiago Creek and construct a pump station and 

pipeline to connect them to Burris Pit so that additional water could 

be transferred there. Former forebay operations manager Alan Flowers 

recalled that the project cost about $25 million, but paid for itself in 

water saved—water that OCWD did not have to purchase for recharge 

(Flowers 1997). When finished in 1991, the system added another 25,000 

acre-feet of capacity to the basin, bringing OCWD’s total recharge capa-

bility to between 300,000 and 400,000 acre-feet per year.

The Santiago Creek project had an unexpected natural bonus for 

nearby residents, despite additional cost and frustration for OCWD 

management. Since the new basins would inundate small, isolated 

wetlands within the basin, engineers had to include a mitigation 

project. OCWD directors authorized nearly $200,000 to pay for planting, 

irrigation and other measures to create a wildlife habitat on a 16-acre 

island between the two basins (Fonley 1997).

Over the years OCWD’s research has included work with the recharge 

basins themselves. Initially, in each of the percolation basins, begin-

ning with Anaheim Lake in 1962, water infiltrated quickly. Gradually, 

however, the silt from the Santa Ana River flow collected in the basins, 

retarding infiltration. Cleaning became a yearly chore as the managers 

emptied the basins to scrape the accumulated solids that were preventing 

infiltration. Since the process was time consuming, it could not be done 

easily during the winter months when the operators expected a storm 

flow. As a result, water infiltration declined when it was needed most to 

capture the heavy flow. Precious water was also lost during the process 

because once a basin was emptied for cleaning, there was no way to hold 

the water or transfer it from one basin to another.  

A first step to correct the problem was to build a maze of pipes linking 

the different basins in the forebay area. As one basin required cleaning, 

its contents could be shifted to another. High- powered submersible 

pumps were also installed in each basin to empty it quickly. Soon 

operators could empty, clean, and refill the recharge basins during the 

winter as well as the summer to increase infiltration by as much as 40 

percent. The recharge capacity was further increased by the addition of 

two inflatable rubber dams across the river channel in the early 1990s. 

Previously, earthen levees were built to capture normal runoff and direct 

it into the recharge basins. When the storm flow was high, however, these 

levees washed out. They could not be replaced until the water level went 

down enough to get heavy equipment back into the riverbed. Valuable 

replenishment water, of course, was lost in the interim. The rubber dams, 

however, will deflate during storms and can be raised again in 30 minutes 

to capture runoff once the flow has decreased.

Conservation Programs at Prado Basin
Prado Dam was originally conceived as a flood control dam, with 

water conservation being an incidental secondary purpose. Although it 

is still a critical point in the defense from storms in the lower Santa Ana 
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basin, its importance for conservation has increased. For many years 

the two private water companies, Anaheim Union Water Company and 

Santa Ana Valley Irrigation Company, owned land behind Prado Dam 

(in Riverside County) for conservation. Ditches dug in the overflow 

lands helped relieve waterlogged conditions by increasing the flow 

through the dam’s ungated opening (Osborne 1998). During the 1960s, 

as the need for agricultural water 

declined, these companies shifted 

their focus from water sales to 

Orange County land development 

and sold their Riverside County 

property to OCWD (OCWD 

Minutes 14 June 1967).  

As a result of that purchase, 

OCWD owns about 2,150 acres of 

bottomland behind Prado Dam 

that can be flooded for conserva-

tion purposes. During the 1970s 

and early 1980s, OCWD began 

working toward a proactive water 

conservation program. The basic 

concern was that flood control and 

water conservation require oppo-

site management techniques. Flood control managers want to keep 

the flood land behind a dam as free of water as possible, to prepare 

for an unexpected heavy runoff. Water conservation managers, on the 

other hand, want to store as much water as possible behind the dam, 

releasing it slowly so that it can be infiltrated in spreading grounds and 

saved as groundwater. OCWD directors authorized $600,000 in 1986 

to study the feasibility of conservation consistent with flood control at 

Prado.  

The study, completed by the Army Corps of Engineers in 1988, 

indicated that seasonal storage would not jeopardize flood control 

at the dam (OCWD Annual Report 1991). Conservation could take 

place between March 1 and September 1, while flood control efforts 

would take precedence between 

November 1 and February 28 

(Van Haun 1997). Environmental 

studies followed to determine the 

impact on wildlife in the proposed 

storage area. Finally, in 1991, an 

agreement was reached by OCWD, 

the Army Corps of Engineers, 

the U.S. Fish and Wildlife Service 

(USFWS), and The Nature 

Conservancy to allow storage 

and to mitigate and alleviate 

anticipated damage to the wildlife 

habitat. Under the agreement, 

OCWD set aside land for habitat 

for an endangered songbird, the 

least Bell’s vireo, and contributed 

$900,000 for habitat management and other land conservation proj-

ects. In spring 1991 alone, some 40,000 acre-feet of high quality water 

were saved from runoff by storage behind the dam (OCWD Annual 

Report 1991). Had OCWD needed to purchase that amount of water to 

replenish the basin, the total cost would have been far greater than the 

cost of the conservation project.

Endangered songbird, the least Bell’s vireo. Photo by Benjamin Smith.
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Jim Van Haun, former associate general manager, remembered that 

OCWD had seriously considered giving up on the conservation project 

in 1986 when the least Bell’s vireo was listed as a Federal and state 

endangered species. Prado Basin had the second largest population 

of these small songbirds and its population had dropped to 19 nesting 

pairs. Since their migration period from Mexico to Prado, where they 

nested, was mid-March, these few pairs would be directly affected 

by the proposed conservation plan. OCWD directors finally decided 

to try to “live with the Endangered Species Act” and continued the 

study. According to Van Haun, biologists discovered that the bird 

population decline was due more to an incursion of brown-headed 

cowbirds, not necessarily to loss of habitat alone. Cowbirds lay their 

eggs in the nests of other birds, like the least Bell’s vireo, and leave. 

The diminutive vireo parents are left raising a large and aggressive 

cowbird nestling that literally starves and crowds out the vireo nest-

lings.  Cowbird nest parasitism nearly decimated the least Bell’s vireo 

population.

The immediate solution was to build and install Australian cowbird 

traps. “A crazy deal,” Van Haun remarked. OCWD spent $35,000 to 

$40,000 each year for several years trapping cowbirds. Dick Zembal, 

OCWD natural resources director, who at the time served as USFWS 

Deputy Field Supervisor, and Martin Rigby, former assistant general 

manager of OCWD, collaborated to develop a recovery plan. By setting 

cowbird traps and changing mowing patterns of fields behind Prado 

Dam, the least Bell’s vireo population rebounded. Since first being 

listed as an endangered species in 1977, the population of vireos at 

Prado Basin grew from 12 to 561 territories in 2013. As a result OCWD 

has been allowed to expand the area it seasonally floods for conser-

vation. In the long run, the good results from trapping, while costly, 

saved millions of dollars’ worth of water and provided the basis for a 

permanent water conservation agreement (Van Haun 1997). 

Subsequent to the decision to trap cowbirds, researchers found that 

giant cane had overrun the birds’ habitat. OCWD, USFWS, and the 

Army Corps of Engineers entered a cooperative agreement to remove 

this invasive plant from the upper watershed. OCWD’s share of the cost 

was $1 million. In March 1995, just a few days after the environmental 

impact statements were completed and approved to allow additional 

storage behind the dam, a storm came up and the dam filled, saving 

$3.2 million worth of water for use in Orange County (Van Haun 1997).

OCWD provided the leadership to form a team with seven other 

agencies to develop the Santa Ana River Conservation Trust Fund. Its 

unique concept of depositing funds into a trust that is dedicated to 

solving a regional problem provides the opportunity for broader solu-

tions with more lasting results. By 2002 the Trust Fund had funded the 

removal of 600 acres of giant cane from the watershed. More than 10 

years later, over 5,000 acres have been removed.

Water Quality behind Prado Dam
Through its water quality research program, OCWD scientists and 

engineers had discovered other benefits of the Prado conservation 

program. The runoff water that reaches Prado Dam is degraded 

because of both dairy and urban usage. Under terms of the Chino 

decision, it had to meet certain water quality standards when it reached 

Prado Dam. Even before the conclusion of the lawsuit, the water 

agencies realized that the water quality of the river was continuing to 

deteriorate in the watershed. 

In 1967 representatives of the three major water agencies upstream 

met with Don Owen to develop a joint program for improvement of the 



47Preparing for the New Millennium

water quality (OCWD Minutes 25 October 1967). Subsequently, the 

OCWD board authorized a joint powers agreement between OCWD, 

Chino Basin Municipal Water District, Western Municipal Water 

District (Riverside area), and San Bernardino Valley Municipal Water 

District to “create a self-help agency which will conduct a water quality 

management program study for the Santa Ana River watershed” (OCWD 

Minutes 13 December 1967). The Santa Ana Watershed Planning 

Authority obtained start-up grants and initial funding from the four 

districts in 1968 to plan a basin-wide program that addressed buildup 

of total dissolved solids. The study recommended treatment plants, 

desalters and a brine line to the ocean to carry off residual wastewater. 

Since no district was willing to embark on a project of this size alone, 

the authority was recast as the Santa Ana Watershed Project Authority 

(SAWPA. In 1972 it began building the pipeline that now stretches from 

San Bernardino to Fountain Valley (Cline 1997). Its projects continue 

today with desalting plants and other water quality facilities.

As a result of the testing program scientists discovered still another 

means to improve the water quality at the dam site. Behind the dam 

was a 450-acre constructed wetlands consisting of 50 linked pools 

through which nearly half of the baseline flow of the river passed. This 

was originally operated by a concessionaire as a waterfowl hunting 

area. Water quality engineers discovered that the water passing 

through these ponds was of a higher quality than other water reaching 

Prado, indicating that the series of ponds naturally removed some of 

the nitrate and other compounds accumulating in the urban flow. As 

a result of these studies, OCWD modified the pond system to increase 

the flow in and out of each pond. It deepened individual ponds, 

widened and deepened the main diversion channel to the pond system, 

and improved the conveyance system between ponds. With these 

modifications, OCWD increased the rate of flow from 60 cubic feet per 

second (cfs) to 200 cfs, thus allowing more river water to flow through 

the ponds (OCWD Annual Report 1995). The wetlands have proven to 

be very effective at removing nitrate from the river water. In fact they 

remove up to 2,000 tons of nitrate per year. 

national Water research institute
The need for collaborative research to address water supply and 

quantity issues was the driver behind OCWD partnering with other 

forward-thinking Southern California water agencies and the Joan 

Irvine Smith and Athalie R. Clarke Foundation to establish the 

National Water Research Institute (NWRI), a 501c3 nonprofit. Since 

1991, NWRI has served as an independent industry expert in water 

science, technology, and public policy. NWRI’s many leading-edge 

projects and activities have advanced the worldwide understanding in 

areas such as treatment technologies, potable reuse, salinity manage-

ment, and other factors that influence the quality and availability of 

water supplies and resources. This prestigious institute is housed on 

OCWD’s campus.   

Among its services NWRI specializes in organizing and facilitating 

Independent Advisory Panels to help public agencies with devel-

oping and implementing a challenging water project or program. 

These panels consist of water and wastewater professionals who 

are nationally renowned experts in their fields. Recent examples of 

NWRI panels include reviewing the City of Los Angeles’ proposed 

projects to replenish groundwater using advanced treated recycled 

water, reviewing the City of San Diego’s pioneering efforts to augment 

a drinking water reservoir with recycled water, evaluating the City 

of Tucson’s plans to fully utilize all the treated wastewater within its 
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service area, and addressing questions about the impacts of the infil-

tration of reclaimed water on groundwater and other water resources 

in the Olympia, Washington area. The overall goal of these panels is 

to provide the guidance and credibility needed to make appropriate 

project decisions and develop good public policy. 
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groundwater replenishment Program

CWD’s tradition of innovation is nowhere more evident than 

in the cutting-edge Groundwater Replenishment System 

(GWRS) project. The GWRS is the world’s largest advanced 

water purification system for potable reuse. It takes treated wastewater 

that otherwise would be 

sent to the Pacific Ocean 

and purifies it using a 

three-step advanced treat-

ment process. Consisting 

of microfiltration, reverse 

osmosis, and ultravi-

olet light with hydrogen 

peroxide, this innovative 

process produces high-

quality water that exceeds 

all state and federal 

drinking water standards. 

This water is injected into 

a seawater barrier and 

pumped to recharge basins 

where it naturally perco-

lates into the groundwater 

basin.

The Groundwater 

Replenishment System was launched in 1999 when the Boards of 

Directors of both OCWD and OCSD unanimously certified the project’s 

Environmental Impact Report. Following certification, a team of three 

engineering firms began the project development phase of the project. 

The OCSD Board unanimously approved its own Strategic Plan, which 

incorporated OCSD’s participation in the GWRS project. In 2001 both 

Boards overwhelmingly voted to move forward and begin detailed 

design of the first phase of GWRS with a target goal of producing 

72,000 acre-feet per year of purified water.

The project has received 

significant attention from 

outside agencies that 

recognize the applica-

bility of this technology to 

many other communities. 

Funding was autho-

rized by the Bureau of 

Reclamation through its 

Title XVI program for $20 

million, the State Water 

Resources Control Board 

for $5 million, the U.S. 

Environmental Protection 

Agency for $500,000, 

and the California 

Energy Commission for 

$700,000. GWRS was also 

awarded $67 million in 

grants through the  2000 

California State Water Bond. In addition, the Metropolitan Water 

District of Southern California also awarded a $3.8 million annual 

operating subsidy for a 21 year period through its Local Resources 

Program (LRP).

OCWD Board of Directors at the GWRS Initial Expansion groundbreaking ceremony.
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 Construction of GWRS began in 2002. Operational since January 

2008, the GWRS has the capacity to produce 70 million gallons of 

high-purity water every day. By 2015 these figures are projected 

to increase to 100 million gallons when purification facilities are 

expanded and excess flow stored during the day is run through the 

GWRS at night. Ultimate capacity for the GWRS is projected at 130 

MGD after facilities are expanded further and more flows are rerouted 

from ocean discharge for reuse. 

GWRS has garnered over 42 awards, including the prestigious 2014 

U.S. Water Prize, 2014 Lee Kuan Yew Prize, American Society of Civil 

Engineers (ASCE) 2009 Outstanding Civil Engineering Achievement 

Award for the year’s most outstanding national engineering project, 

and the Stockholm 2008 Industry Water Award for the year’s most 

outstanding international water project.

Advanced Water Purification facility 
Part of developing GWRS involved construction of the $300 million 

Advanced Water Purification Facility. It is here that 70 million gallons 

of secondary-treated wastewater are transformed each day to near 

distilled water quality. After undergoing microfiltration, reverse 

osmosis, and ultraviolet light with hydrogen peroxide, the purified 

water is then put back into the groundwater basin.

Treating wastewater with ultraviolet light with hydrogen peroxide and lime.

Groundwater Replenishment System building
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from ocean to foothills—the seawater 
intrusion Barrier and inland spreading Basins

Seawater Intrusion Barrier

Beginning in 1999 improvements were made to OCWD’s Talbert 

Seawater Intrusion Barrier in the cities of Fountain Valley and 

Huntington Beach. OCWD constructed two new injection well sites in 

1999, one in 2000, two in 2003, and eight more in 2004-05. This latter 

installation is part of GWRS. The addition of four new well sites at 

the west end of the barrier and four to the southeast  helps prevent 

seawater from going around the existing Talbert Seawater Intrusion 

Barrier. Further, they have more than doubled the annual injection of 

100% purified recycled water. As a result, coastal water utilities are 

able to pump up to 75 percent of their water demand without damaging 

the groundwater basin.  The Talbert Barrier provides enormous value 

to local water utilities—without it, seawater would intrude several 

more miles into the basin, contaminating production wells, reducing 

the freshwater capacity of the basin, and limiting the amount of water 

that could be produced from the basin each year.

 In addition nine injection wells were constructed in 2000 to 

increase seawater protection at the center and eastern end of the 

Alamitos Seawater Intrusion Barrier located along the Orange/Los 

Angeles County line near the ocean. OCWD is currently planning to 

construct eight additional injection well sites during 2013-15 along the 

central portion of the barrier to prevent intermittent pulses of salinity 

from breaching through the barrier into Orange County. The Alamitos 

Barrier is currently supplied by approximately 50% imported water 

and 50% purified recycled water, and supplies are sufficient to support 

the planned improvements.

Inland Spreading Basins

One of the principal methods for recharging groundwater involves 

supplying source water to the District’s spreading basins, Kraemer, 

Miller, and Miraloma Basins in Anaheim. Water sources include 

GWRS recycled water, imported water from the State Water Project 

and Colorado River, and both base flow and captured storm water in 

the Santa Ana River. Kraemer Basin consists of 31 acres and has a 

maximum storage capacity of 1,170 AF (381 million) with a maximum 

recharge capacity of approximately 300 AF (97 million gallons) per 

day. Due to the need to reserve space for storm water capture,  the 

Inland spreading and percolation basins.
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average recharge capacity in this basin is 19,000 acre-feet per year 

(AFY), (6 billion gallons per year). The District’s newest basin, 

Miraloma Basin, has a maximum storage capacity of 63 AF (20 million 

gallons) and a projected annual recharge capacity of 20,000 AFY (6.5 

billion gallons) per year. Percolation rates with cleaner sources of 

water, such as GWRS and imported water, are more than double the 

rates achieved with Santa Ana River water. This is because Santa Ana 

River water contains suspended solids, typically comprised of inor-

ganic silts and clays that clog the basin surface. 

GWRS water is conveyed to these basins through a 13-mile (20 kilo-

meters) long transmission pipeline that travels along the west levee 

of the Santa Ana River through the cities of Fountain Valley, Santa 

Ana, Orange, and Anaheim, and along the Carbon Canyon Diversion 

Channel. Five feet  in diameter at its end point, this pipeline is capable 

of delivering over 80 million gallons of purified water to the basins 

each day.

Continuing the tradition of innovation
Driven by its tradition of innovation, OCWD continues to be a 

worldwide leader in the water industry. Thanks to visionary leaders, 

and dedicated and talented staff, OCWD has earned its outstanding 

reputation in groundwater management, water reuse, and water 

conservation. It also strives to exceed it.

In 2002 William R. Mills retired after nearly 15 years of service 

to Orange County Water District (OCWD). Virginia Grebbien was 

appointed as the new general manager of OCWD. Grebbien’s extensive 

involvement in the water community and previous work on landmark 

water supply development projects helped her advance OCWD’s 

mission.

In 2007 Michael R. Markus was named general manager—only the 

sixth in the District’s lengthy history that began in 1933. He continues 

to hold this position today. In his previous position as construction 

manager, he was given the responsibility to manage implementation of 

GWRS, an undertaking that involved construction of seven individual 

projects, including the Advanced Water Purification Facility. Markus 

was named one of the Top 25 Newsmakers of 2007 by the Engineering 

News-Record and received the highly coveted international 2009 Säid 

Khoury Award for Engineering Construction Excellence.



THE HISTORY OF ORANGE COUNTY WATER DISTRICT54

AfterWorD
By Michael R. Markus, P.E., D.WRE, General Manager, Orange County Water District

this book has detailed the tremendous achievements that have 

been garnered by the District over the past 80 years, which 

has made it a worldwide leader in groundwater manage-

ment and recycled water. These accomplishments would never have 

happened without the vision and leadership of the past and present 

Boards of Directors.  These leaders have shaped the policies and made 

the decisions that have made the District what it is today.  They under-

stood the need for investment in water infrastructure and the impact 

that has had on the economic engine of Orange County.

  The District has faced challenges in the past and met them head-on 

with innovation and foresight.  This same spirit will need to continue 

because future challenges loom on the immediate horizon.  These 

challenges will include: decreased flow in the Santa Ana River due 

to recycling and groundwater extractions in the Upper Santa Ana 

Watershed, decreased stormflow due to reoccurring drought, and 

potential shortages of imported water.  All of these issues affect the 

supply of water into the groundwater basin and could eventually lead 

to a decrease in the amount of pumping out of the basin.

Even though the challenges will be great, I am confident that the 

District staff will rise to the occasion and come up with creative solu-

tions in finding additional ways in which to maximize the potential of 

the groundwater basin.  The District has always been recognized for 

its “tradition of innovation” and its high caliber staff.  With the combi-

nation of the leadership of the Board of Directors and the ingenuity of 

the staff, the Orange County Water District will continue its preemi-

nent reputation well into the future.
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ConCLusion

range County’s population has grown at a dizzying speed 

since the end of World War II. The county’s population 

soared from 130,760 in 1940 to over three million in 2012. Its 

urban regions have become the dominant water users as houses and 

light industry replace agriculture in the local economy. In contrast 

to earlier urban areas which developed and expanded into suburbia 

from a central city, Orange County has no one central city. Rather, 

it has many. One city is the civic center, another the cultural center, 

another the technology/science center, and still another the sports 

and entertainment center. Since no single city really dominates, the 

cities cooperate to provide basic urban services. Although operated 

independently, the cities of Orange County are interdependent in many 

ways. Nowhere is this interdependency so obvious as in the manage-

ment of the Santa Ana River and the County’s groundwater basin.  

OCWD was created by independent members of the business and 

agricultural community. These individuals recognized that they had 

to work together to provide enough water for a growing economy. 

While users of Orange County water could have demanded to remain 

completely independent of one another and adjudicated the basin’s 

water, they chose a pool arrangement in which rights are shared 

in common. By sharing such rights and choosing to operate from a 

philosophy of plenty, Orange County water users have empowered 

OCWD to establish a management policy that recharges the ground-

water basin and protects it from careless overdraft. From pumping 

reclaimed water to a recharge basin to restoring riparian habitat in 

Riverside County, the basic goal of Orange County’s water manage-

ment plan has not changed. It remains the protection of the quantity 

and quality of water in the Orange County groundwater basin.
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Historical timeline–orange County Water Progress  1769-1960

1769 Father Serra camps in Santa Ana Valley

1776 Mission San Juan Capistrano established

1848–

1850 Gold Rush, Alta California ceded to U.S., California Statehood

1860s Irvine Ranch established 1862—Historic flood

1870s Major cities established 

1889 Orange County established 

1916 Historic flood. Santa Ana River rerouted to present location 

1927 Historic flood

1928 Historic flood. Metropolitan Water District of Southern 

California (MWD) established. Cities of Santa Ana and 

Anaheim represent Orange County as founding member cities.

1931 City of Fullerton joins MWD as the third member city from 

Orange County

1932 Construction of Colorado River Aqueduct begins 

1933 Orange County Water District (OCWD) established to manage 

the groundwater basin

1938 Historic flood

1941 Construction of Prado Dam completed by U.S. Army Corps of 

Engineers

1941 Colorado River Water Aqueduct completed

1941 Coastal Municipal Water District established, annexed to 

MWD as a member agency the following year

1949–

1950 OCWD’s first purchases of imported water from MWD 

1951 Orange County Municipal Water District (OCMWD) formed 

and annexed to Metropolitan as a member agency. OCMWD 

later changes name to Municipal Water District of Orange 

County (MWDOC) in 1969.

1952 Orange County Water Basin Committee established new 

water management policies

1954 Cities of Anaheim, Fullerton, and Santa Ana annexed into the 

Orange County Water District

1954 OCWD establishes replenishment assessment (RA) to bring 

in revenue to purchase imported water to fill the groundwater 

basin.

1960 Fairview Farms Water Company merges with Mesa 

Consolidated Water District

1960 San Juan Water Company becomes Capistrano Beach Water 

District

1961 Irvine Ranch Water District formed
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Historical timeline–orange County Water Progress  1965-Present

1965 Alamitos Barrier becomes operational

1969 Stipulated judgment resolves Santa Ana River water disputes

1969 Historic flood

1969 Basin Equity Assessment (BEA) and Basin Production 

Percentage (BPP) are created to assist OCWD in managing the 

groundwater basin

1972 Santa Ana Watershed Project Authority (SAWPA) formed 

1975 First Northern California water deliveries to Orange County

1976 Water Factory 21 becomes operational

1977 Water Factory 21 adds reverse osmosis

1978 Proposition 13 enacted restricting use of ad Valorem tax

1983 Water Advisory Committee of Orange County (WACO) 

established

1991 Green Acres Project becomes operational

1991 Arlington Desalter becomes operational

1995 OCWD reaches historic agreement with the U.S. Army Corps 

of Engineers to store Santa Ana River flows behind Prado Dam

1995 Expansion of Prado Wetlands completed

1996 Proposition 204 Water Bond passed

2000 Proposition 13 Water Bond passed 

2001 Coastal Municipal Water District becomes part of MWDOC

2001 Chino Desalter becomes operational

2001 OCWD and Orange County Sanitation District approve design 

and construction of the Groundwater Replenishment System

2001 Coastal Municipal Water District merges with MWDOC.

2006 Water Factory 21 ceases operations

2006 New Interim Water Factory 21 becomes operational 

2008 Groundwater Replenishment System becomes operational 

2009 Advanced Water Quality Assurance Laboratory opens

2011 OCWD breaks ground on initial expansion of the 

Groundwater Replenishment System

2012 Miraloma Basin is completed, becoming OCWD’s 21st ground-

water recharge basin. 

2012 Advanced Water Quality Assurance Laboratory earns full 

certification from the Environmental Protection Agency to 

monitor unregulated contaminants of concern

2013 OCWD celebrates 80th anniversary and 5th anniversary of 

the Groundwater Replenishment System
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Locations of District Headquarters 
1933–1935, Garden Grove Chamber of Commerce office

1935–1941, Medical Building, 622 N. Main St., Santa Ana

1941–1947, Ramona Building, 118 W. 5th St., Santa Ana

1947–1957, 1104 W. 8th St., Santa Ana

1957–1960, 941 E. 1st. St., Santa Ana

Fountain Valley headquarters. Photo courtesy of Larny Mack, CDM.

1960–1974, 1629 W. 17th St., Santa Ana

1974–present, 10500 Ellis Ave., Fountain Valley  

(New Administration Building completed, 1991)

1988–present, Field Headquarters, 4060 E. La Palma Ave., Anaheim

2007–present, Ward St., Fountain Valley
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Property Boundary/Annexation History

Action Date Description Acres Square Miles

SB 1201 10 April 1933 Establishes OCWD Boundaries 162,676.700 254.182

OCWD Bd. Minutes 25 March 1942 Adds 5 Parcels 576.000 0.900

SB 509 8 July 1949 Eliminates 14 Parcels -9,920.000 -15.500

OCWD Bd. Minutes 29 July 1949 Resultant Boundary Per SB 509 153,332.710 239.582

OCWD Bd. Minutes 11 Jan 1950 Adds 1 Parcel 2.650 0.004

SB 91 21 May 1953 Adds Cities of Anaheim, Fullerton, and Santa Ana 20,672.000 32.300

SB 117 July 1957 Adds Nohl Ranch 6,299.470 9.843

SB 1257 1959 Adds portions of Buena Park, Fullerton, Carlton & M. Yorba Allot. 9,184.510 14.351

Reso. 545 12 Aug 1959 Includes area southerly of Chapman Ave., Easterly of Newport Ave. 183.650 0.287

Reso. 599 12 Nov 1960 Includes area between Northerly Line Sec. 6-4-8 and Santa Ana 
Canyon Rd.

77.050 0.120

SB 1026 Sept 1961 D-2 Includes areas of Costa Mesa, Northerly of 15th St. and portion 
of Irvine Sub. Easterly and Northerly of Costa Mesa

11,244.890 17.570

Reso. 9601 15 Sept 1965 East Yorba Linda (Fairmont Annex.) 426.400 0.666

Annex 68-1 15 Jan 1969 East Yorba Linda (Horseshoe Bend) 350.000 0.547

Annex 70-12 15 April 1970 East Yorba Linda 54.000 0.084

Annex 70-23 17 June 1970 East Yorba Linda 151.700 0.237

Annex 72-1 18 June 1975 East Orange 5.250 0.008

Annex 75-2 23 July 1975 East Yorba Linda 41.000 0.064

Annex 75-5 23 July 1975 East Yorba Linda 23.216 0.036

Annex 74-1 23 July 1975 East Orange 81.170 0.127

Annex 75-4 23 July 1975 East Orange 74.200 0.116

Annex 75-3 20 Aug 1975 East Yorba Linda 1.493 0.002

Annex 75-7 15 Oct 1975 East Yorba Linda 36.600 0.057

Annex 75-9 17 Mar 1976 D-3 East Yorba Linda 5.586 0.009

Annex 75-1 21 April 1976 East Yorba Linda 64.000 0.100

(as of 29 September 2013)1
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Action Date Description Acres Square Miles

Annex 75-10 21 July 1976 East Orange 1.640 0.003

Annex 75-8 18 Aug 1976 East Orange 102.260 0.160

Annex 76-1 18 Aug 1976 East Orange 10.740 0.017

Annex 76-5 17 Nov 1976 East Orange 17.330 0.027

Annex 76-2 19 Jan 1977 East Orange 1.040 0.002

Annex 76-4 19 Jan 1977 East Orange 111.330 0.174

Annex 76-8 16 Mar 1977 East Orange 13.150 0.021

Annex 76-7 17 Aug 1977 East Orange 0.998 0.002

Annex 76-6 21 Sept 1977 East Orange 425.030 0.664

Annex 77-1 15 Feb 1978 East Orange 0.460 0.001

Annex 76-3 30 Oct 1978 East Yorba Linda 1,700.000 2.656

Annex 78-1 1 May 1980 East Orange (8 Islands) 109.700 0.171

Annex 81-1 4 Aug 1981 Northerly portion of Fullerton 2,014.900 3.148

Annex 86-14 1 Jan 1988 D-4 Remaining portion of City of Newport Beach 8,863.000 13.848

Annex 87-15 1 Jan 1988 Anaheim/Wallace, Bauer, Oak Hills Ranch 1,250.000 1.953

Reorg 105 16 Sept 1987 Cypress (Forest Lawn) 1.900 0.003

Annex 88-1 2 Nov 1989 Santiago County Water District 9,434.000 14.741

Annex 88-2 6 Mar 1990 East Orange 384.710 0.601

Annex 95-1
Reorg 94-9

13 July 1995 Irvine Regional Park 477.100 0.745

Annex 95-26 14 Aug 1996 Featherly Regional Park 64.52 0.101

Annex 96-17 3 Nov 1997 Eastern Transportation Corridor 356 0.556

Annex 98-18 Oct 1998 Shell Yorba Linda Master Planned Community 855 1.336

Total 228,506.353 357.041

1 Fairmont Annex $25/ac. Fee (426.4ac.@$25/ac.=$10,860) and agreement with water purveyor, Southern 
California Water Co., stipulating that not less than 50% of water served shall be imported from outside 
Santa Ana River Watershed.

2 Annex 70-1 $100/ac. Fee (54 ac.@$100/ac.=$5,400).
3 Annex 70-2 $25/ac. Fee (151.7 ac., minus 15.4 ac. of Greenbelt and Corners = 136.3 ac.@$25/
ac.=$3,407.50).

4 Annex 86-1  Per annexation agreement utilizing new annexation charge formula

5 Annex 87-1  Per annexation agreement utilizing new annexation charge formula
6 Annex 95-2  Area rounded from 0.1008125
7 Annex 96-1  Area rounded from 0.55625
8 LAFCO designation: “Shell Reorganization” – Annexation to the Orange County Water District (RO 
94-01b), completed Oct. 20, 1998. Annex 98-1 Area rounded from 1.3359375
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Current Board of Directors
Division Director Since Current
Number    Term
    Expires

 1 Kathryn L. Barr 09/79 12/05/14

 2 Denis Bilodeau 12/00 12/02/16

 3 Roger Yoh 12/04 12/02/16

 4 Philip L. Anthony 02/81 12/02/16

 5 Stephen Sheldon 05/05 12/05/14

 6 Cathy Green 12/10 12/02/16

 7 Shawn Dewane 12/10 12/05/14

 8 Vincent Sarmiento 01/13 12/02/16

 9 Harry Sidhu 02/12 12/02/16

 10 Bruce Whitaker 08/12 12/02/16

as of 9/2013

Terms expire on the first Friday in December

December 5

December 2

2018 December 7

SECRETARY MANAGER/GENERAL MANAGER

C.A. Palmer (Director) 1933-1939

Wm. C. Mauerhan (Director) 1939-1942

W. W. Hoy (Staff) 1942-1945

Dion R. Gardner (Hired as Secretary-Engineer) 1945-1949

W. D. Miller (Staff) 1949-1953

Howard W. Crooke (Secretary Manager) 1953-1968

Langdon W. Owen (Secretary Manager) 1968-1973

Neil M. Cline (Secretary Manager) 1973-1986

William R. Mills Jr. (Secretary Manager) 1987-1988

William R. Mills Jr. (General Manager) 1988-2002

Virginia Grebbien (General Manager) 2002-2007

Michael P. Wehner (Acting General Manager) 2007-2007

Michael R. Markus (General Manager) 2007-present

DISTRICT SECRETARY

Mary E. Johnson 1988-1995

Barbara White 1995-1999

Janice Durant 1999-present

ASSISTANT SECRETARY

Thelma G. Willoughby 1952-1972

Mary E. Johnson 1972-1988

Barbara A. White 1988-1995

Janice Durant 1995-1999

Judy-Rae Karlsen 2000-present
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History of Board of Directors

  Term of Appointment

William C. Mauerhan  1933-1937

William C. Mauerhan resigned 11/8/44 1937-1941

  1941-1945

John W. Crill  1944-1945

  1945-1949

President 1951-1955 1953-1957

Vice President                       1945-1951 1949-1953

Walter R. Schmid  1955-1957

  1957-1961

H. Louis Lake  1961-1965

  1965-1969

1st Vice President 1973-1974 1973-1977

2nd Vice President 1965-1973 1969-1973

Thomas T. Lacy  1974-1977

Thomas T. Lacy resigned 6/20/79 1977-1981

  Term of Appointment

Kathryn L. Barr  1979-1981

Appointed by OC Board of Supervisors 8/28/79 1981-1985

(sworn in on 9/26/79) and ran for election 11/79

President 1995, 2010 1994-1998

1st Vice President 1988-1995, 2000-2002 2000-2002

2nd Vice President 1985-1988, 2005-2007 2005-2007

Division 1
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Division 2 Division 3

  Term of Appointment

C. A. Palmer   1933-1935

Secretary 1933-1939 1935-1939

Dion R. Gardner  1939-1943

President 1939-1943

Errol Trafford (E. T.) Watson 1943-1947

E. T. Watson resigned 11/7/75 1947-1951

President 1955-1961 1955-1959

  1959-1963

  1963-1967

  1967-1971

  1971-1975

Vice President 1951-1955 1951-1955

John V. Fonley  1975-1979

President 1985-1988 1988-1992

  1992-1996

  1996-2000

1st Vice President 1983-1985 1983-1988

2nd Vice President 1981-1983, 1998-2000 1979-1983

Denis R. Bilodeau         

President 2002-2003 2000-2004

  2004-2008

2nd Vice President 2008-2009 2008-2012

  2012-2016

  Term of Appointment

William Wallop  1933-1935

William Wallop resigned 12/7/38 1935-1939

Ralph J. McFadden  1938-1939

Ralph J. McFadden resigned 12/48 1939-1943

  1943-1947

  1947-1951

Lewis Lemke  1948-1951

  1951-1955

Merwin Wagner  1951-1955

Merwin Wagner resigned 2/78 1955-1959

President 1961-1967 1963-1967

  1967-1971

  1971-1975

  1975-1979

Vice President 1959-1961 1959-1963

Lawrence P. Kraemer Jr. 1978-1979

retired at end of term   1979-1983

2nd Vice President 1983-1985 1983-1988

1st Vice President 1985-1988 1988-1992

President 1988-1990 1992-1996

1st Vice President 1998-2000 1996-2000

2nd Vice President 2000-2002 2000-2004

Roger Yoh  2004-2008

2nd Vice President 2013 2008-2012

  2012-2016
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Division 4

  Term of Appointment

William Schumacher  1933-1935

  1935-1939

Job J. Denni Sr.  1939-1943

Job J. Denni Sr. resigned 9/62 1943-1947

  1947-1951

  1951-1955

  1955-1959

  1959-1963

Jake Van Dyke  1963-1967

Jake Van Dyke resigned 2/17/65

Preston K. Allen  1965-1967

Preston K. Allen resigned 12/17/80 1967-1971

President 1975-1979 1979-1983

1st Vice President 1974-1975 1975-1979

2nd Vice President 1973-1974 1971-1975

  Term of Appointment

Philip L. Anthony  1981-1981

  1981-1983

  1983-1988

President 1992-1995, 2005-2007 1992-1996

  1996-2000

1st Vice President 2009, 2010-2012 2000-2004

2nd Vice President 1990-1992, 2004 1998-1992
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Division 5

  Term of Appointment

C. Roy Browning  1933-1937

C. Roy Browning resigned 3/8/39 1937-1941

Charles E. Smith  1939-1941

Charles E. Smith resigned 4/8/42 1941-1945

C. Roy Browning  1942-1945

C. Roy Browning resigned 2/16/55 1945-1949

  1949-1953

  1953-1957

Wayne Eaton  1955-1957

Disqualified by boundary realignment 9/7/55

W. F. Mitchell  1955-1957

W. F. Mitchell resigned 9/23/64 1957-1961

  1961-1965

Minor Warne  1964-1965

Minor Warne resigned 1/21/70 1965-1969

  1969-1973

Paul H. Cleary  1970-1973

Paul H. Cleary resigned 6/74 1973-1977

E. Ray Quigley Jr.  1974-1977

E. Ray Quigley Jr. resigned 10/15/80 1977-1981

  Term of Appointment

Langdon W. Owen  1980-1981

Langdon W. Owen did not run for re-election 

in November 1998  1981-1985

  1985-1990

President 1990-1992 1994-1998

2nd Vice President 1988-1990 1990-1994

Jerry A. King  1998-2002

President 2000-2002 2000-2002

Paul Cook  2002-2006

Paul Cook resigned 4/7/05

Stephen Sheldon  2005-2006

President 2008-2009 2006-2010

  2010-2014
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Division 6

  Term of Appointment

Willis H. Warner         

Willis H. Warner resigned 12/14/38 1933-1935

President 1933-1938 1935-1939

Vernon C. Heil  1938-1939

Vernon C. Heil died 1951  1939-1943

President 1943-1951 1943-1947

  1947-1951

Gerald E. Price  

appointed to fill term,  

never qualified because of election

Roy Seabridge  1951-1955

Roy Seabridge resigned 4/8/70 1955-1959

President 1959-1961 1963-1967

  1967-1971

Vice President 1955-1959 1959-1963

Noble J. Waite  1970-1971

Noble J. Waite resigned 11/13/91 1971-1975

President 1981-1983 1983-1988

  1988-1992

1st Vice President 1979-1981 1979-1983

2nd Vice President 1975-1979 1975-1979

  Term of Appointment

Wesley M. Bannister 

Wesley M. Bannister died 12/10/09 

President 1996-1997 2000-2004

1st Vice President 1995-1996 1996-2000

1st Vice President 2008-2009 2004-2008

  2008-2012

2nd Vice President 1995-1995 1992-1996

Noble J. Waite  2010-2010

Appointed to fill term

Cathy Green  2010-2012

Elected to a short term through 2012 2012-2016

1st Vice President 2013
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Division 7

  Term of Appointment

Frank B. Champion  1933-1937

Frank B. Champion resigned 3/45 1937-1941

Acting President 1942-1943 1945-1949

Vice President 1935-1945 1941-1945

Donald J. Dodge  1945-1949

Donald J. Dodge disqualified by  

boundary survey 7/49

Stephen Griset  1949-1953

  1953-1957

Henry T. Segerstrom  1957-1961

Henry T. Segerstrom resigned 3/21/84 1961-1965

President 1967-1983 1969-1973

  1973-1977

  1977-1981

  1981-1985

1st Vice President 1962-1967 1965-1969

  Term of Appointment

Donn Hall  1984-1985

  1985-1990

2nd Vice President 1993-1994 1990-1994    

Arnt G. “Bud” Quist  1994-1998

1st Vice President 1997-1998

2nd Vice President 1996-1997

Kelly E. Rowe  1998-2002

Kelly E. Rowe resigned 12/23/00

Jan Debay  2001-2002

Filled remaining term, then re-elected in 2002 2002-2006

1st Vice President 2005-2007 2006-2010

2nd Vice President 2010

Shawn Dewane          

President 2013  2010-2014
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Division 8 – City of santa Ana Division 9 – City of Anaheim

  Term of Appointment

Courtney R. Chandler  1953-1977

Courtney R. Chandler resigned in 1977

John Garthe  1977-1992

John Garthe resigned 7/1/92

President 1983-1985

1st Vice President 1981-1983

2nd Vice President 1979-1981

Daniel E. Griset  1992-1998

President 1997-1998

1st Vice President 1996-1997

2nd Vice President 1995-1996

Miguel A. Pulido  1999-1999

Miguel A. Pulido resigned 10/4/99

Thomas A. Lutz  1999-2000

Brett Franklin  2000-2004

1st Vice President 2002-2003

Jose Solorio  2004-2006

Jose Solorio resigned 12/06

Claudia Alvarez  2007-2012

President 2010-2012

Vincent Sarmiento  2013-Present

  Term of Appointment

Charles H. Pearson  1953-1972

Charles H. Pearson died 5/72

August F. Lenain  1972-1991

August F. Lenain resigned 4/1/91

William D. Ehrle  1991-1992

William D. Ehrle resigned 11/92

Irv Pickler  1992-1995

Irv Pickler resigned 5/19/95

Bob Zemel  1995-1996

Irv Pickler  1996-2002 

President 1998-2000        

2nd Vice President 1997-1998 

Richard Chavez  2002-2007

Appointed by City of Anaheim to fill 2004-2008 

remaining term

Irv Pickler  2007-2012

Harry S. Sidhu  2012-Present
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Division 10 – City of fullerton

  Term of Appointment

Cecil Crew  1953-1961

Cecil Crew resigned 3/61

Howard M. CornwalL  1961-1968

Howard M. Cornwall resigned 4/68

Robert L. Clark  1968-1988

Robert L. Clark resigned 6/88

President 1979-1981

1st Vice President 1975-1979

2nd Vice President 1974-1975

H. George Osborne  1988-1999

H. George Osborne died 1/12/99

President 1995-1996

1st Vice President 1995-1995 

2nd Vice President 1994-1995 

  Term of Appointment

Jan Flory  1999-2002

Shawn Nelson  2002-2008

Don Bankhead  2008-2012

Don Bankhead resigned 7/21/12  

2nd Vice President 2011-2012 

Bruce Whitaker  2012-2014

Jan M. Flory, Esq.  2014
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Current oCWD employees

Ray Abrahamson

Alexander Adams

Crystal Albert

Chris Alvarez

Jesse Aragon

Glen Arrieta

Gina Ayala

Talula Barbee

Pedro Barrera

Ashley Barton

Menu Bhatia-Leddy

David Bolin

John Bonsangue

Dan Bott

Paula Bouyounes

Michelle Boyd

Bill Bradberry

Scott Brandon

Don Brown

John Bruns

Tam Bui

Matt Buis

Ramon Camacho

Adrienne Campbell

Tony Carreira

Andre Casasola

Manuel Castro

Jim Caver

Mike Centro

Alex Cervantes

Flora Chang

Frank Chavez

Darla Cirillo

Steve Clark

Dan Cohen

Julie Combs

Jason Dadakis

Scott Davidson

Jeremy Davis

Julio De La Cruz

Rodger Denecochea

Pete Doplito

Stephanie Dosier

Bruce Dosier

Frank Duarte

Marta Dudek

Bill Dunivin

Janice Durant

Kim Dusky

Melany Economakos

Randy English

Robert Ennis

Michael Ewing

Ruben Felix

Joaquin Ferreyra

Randy Fick

David Field

Joe Flint

Betty Freeman

Chris Friberg

Christina Fuller

Jaime Garcia

Eric Gautier

Stephanie Giraud

Joanne Goco

Kevin Greene

Mark Greening

Don Haffke

Jim Hammersmith

Phil Harrington

Jimmy Hawkins

Wes Haydock

David Henry

Josue Hernandez

Roy Herndon

Andrew Higgins

Melissa Hill

Rita Hintlian

Scott Hollender

Patrick Hollinden

Don Houlihan
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Bonnie Howard

William Hunt

Adam Hutchinson

Brent Ida

Ken Ishida

Lorenzo Jackson

Don Jackson

Jeremy Jenkins

Bonnie Johnson

Jay Kalinowski

Judy-Rae Karlsen

John Kennedy

Quan Kha

Jeff Kind

Jeff Kirkwood

Tom Knoell

Linda Koki

Janice Kovacevic

Rae Krause

Jim Kutzle

Elizabeth Kwan

Phuong Lam

Troy Lane

Julio Langarica

Anny Lau

Anh-Tu Le

Patrick Lewis

Li Li

Linda Liang

Laura Liang

Darlene Lipinski-Fagan

Ben Lockhart

Joshua Long

Erin Lucero

Steven Lusk

Cindy Luu

Bruce Macomber

Mario Manriquez

Derrick Mansell

David Mark

Michael Markus

Kyle McCarty

Chris McConaughy

Lynn McConnell

Justin McKeever

David McMichael

Rebecca Mudd

Kaukaba Naggar

Tyson Neely

Nicole Nguyen

Tam Nguyen

Thong Nguyen

Vickie Nguyen

Tom Nicholson

Ernest Nunez

Scott Nygren

Michael Ochoa

Brian Okey

Chris Olsen

Mike Olson

Ted O’Rourke

Kevin O’Toole

Chindamony Pak

Prem Parmar

Mehul Patel

Craig Patterson

Renee Patterson

Riki Paulson

Jimmy Pennella

Audrey Perry

Mark Petty

Christine Pham

John Pham

Bob Phillips

Don Phipps

Donna Pike

Robert Raley

Juan Ramirez

Octavio Reynoso

Mick Riopka

Grisel Rodriguez

Ben  Rodriquez

Heinz Roehler

Enrique Romo

Mike Ross

Jana Safarik

Mike Samples
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Lily Sanchez

Curtis Sanders

Mike Saunders

Nate Scheevel

John Schifano

Sandy Scott-Roberts

Vishav Sharma

Gwen Sharp

Matthew Sieg

Danny Simala

Frank Simone

Cathy Skousen

Ben Smith

Jim Smith

John Souza

Tim Sovich

Chuck Spade

Tim Stevens

Tom Stevens

Stephen Strand

Don Supernaw

Rusty Sutton

Dianne Swanson

Art Tabata

Lo Tan

Kevin Thai

Eleanor Torres

Luis Torres

Vu Truong

Karen Underhill

Esmer Uribe

Noe Valdez

Ritchie Valdez

Francisco Valencia

Sterling Vamvas

John Vandenbergh

Patrick Versluis

Monica Villalvazo

Leticia Villarreal

Chris Vu

Alex Vue

Jeff Waller

Karen Warren

Marc Wedge

Sumedha Weeratunga

Michael Wehner

Marsha Westropp

Greg Wietki

Rose Wilke

Chiris Wilson

Patti Wimmerstedt

Lisa Wirtz

Greg Woodside

Wei Xu

Nira Yamachika

Mark Yamamoto

Lee Yoo

Gary Yoshiba

Jeannie Young

Richard Zembal
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A
Accumulated overdraft. The amount of water necessary to be 

replaced into the groundwater basin to prevent the landward move-

ment of ocean water into the fresh groundwater body.

AF. Acre-foot. The amount of water needed to cover an acre (approx-

imate a football field) one foot deep, or 325,900 gallons. One acre-foot 

can support the annual indoor and outdoor needs of between one and 

two households per year, and, on average, three acre-feet are needed 

to irrigate one acre of farmland.

AFY. Acre-foot per year.

Alamitos Barrier. Joint project between OCWD, Los Angeles County 

Dept. of Public Works, and the Water Replenishment District of 

Southern California (WRDSC) for injection of imported water into a 

geologic gap at the Orange County-Los Angeles County boundaries 

subject to seawater intrusion.

Alluvium. A stratified bed of sand, gravel, silt, and clay deposited by 

flowing water.

AMP. Allen McColloch pipeline, operated by the Metropolitan Water 

District of Southern California to transport imported water within 

Orange County.

Annexation. The inclusion of land within a government agency’s 

jurisdiction.

Annual overdraft. The quantity by which the production of water from 

the groundwater supplies during the water year exceeds the natural 

replenishment of such groundwater supplies during the same water year.

Aqueduct. A structure for transporting water form one place to 

another by means of a pipeline, canal, conduit, tunnel or a combination 

of these things.

Aquifer. A geologic formation of sand, rock and gravel through which 

water can pass and which can store, transmit and yield significant quan-

tities of water to wells and springs.

Artesian. An aquifer in which the water is under sufficient pressure 

to cause it to rise above the bottom of the overlying confining bed, if 

opportunity to do so should be provided.

Artificial recharge. The addition of surface water to a groundwater 

reservoir by human activity, such as putting surface water into recharge 

basins. (See also: groundwater recharge and recharge basin.)

B
Base flow. River surface flow, not counting storm flow and/or 

purchased imported water.

Basin cleaning device (BCD). A continuous clean-out system for 

removing the clogging layer that accumulates on the bottoms and sides 

of deep recharge basins and inhibits percolation; the BCV has been 

patented by OCWD.

glossary
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Basin equity assessment (BEA). The additional fee charged by 

OCWD on water pumped that exceeds the BPP, which makes the cost 

of that water equal to the cost of imported water.

Basin production percentage (BPP). The percentage of an OCWD 

member agency’s total potable water demand that can be produced 

from the basin without subjecting that member agency to the BEA.

Biofouling. The formation of bacterial film (biofilm) on fragile reverse 

osmosis membrane surfaces.

BMP. Best Management Practice. An urban water conservation 

measure that the California Urban Practice Water Conservation 

Coalition agrees to implement among member agencies.

Brackish water. Water containing dissolved minerals in amounts that 

exceed normally acceptable standards for municipal, domestic, and 

irrigation uses. Considerably less saline than seawater.

Brown Act. Ralph M. Brown Act enacted by the State legislature 

governing all meetings of legislative bodies. Also know as the Open 

Meeting requirements.

C
CEQA. California Environmental Quality Act.

cfs. Cubic feet per second.

Chloramines. A mixture of ammonia and chlorine used to disinfect 

water.

Closed basin. A groundwater basin whose topography and geology 

prevent subsurface outflow of water.

Colored water. Groundwater that is unsuitable for domestic use 

without treatment due to high color and odor exceeding drinking 

water standards.

Confined aquifer. A water-bearing subsurface stratum that is 

bounded above and below by formations of impermeable, or relatively 

impermeable soil or rock.

Conjunctive use. The planned use of groundwater in conjunction 

with surface water in overall management to optimize total water 

resources.

D
Deep percolation. The percolation of surface water through the 

ground beyond the lower limit of the root zone of plants into a ground-

water aquifer.

Degraded water. Water within the groundwater basin that, in one 

characteristic or another, does not meet primary drinking water 

standards.

Denitrification. The physical process of removing nitrate from water 

through reverse osmosis or other means.

Desalting (or desalination). Specific treatment processes, such 

as reverse osmosis or multi-stage flash distillation, to demineralize 

seawater or brackish (saline) waters for reuse. Also sometimes used in 

wastewater treatment to remove salts other pollutants.
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Desilting. The physical process of removing suspended particles from 

water.

Direct Potable Reuse.  The injection of recycled water directly 

into the potable water  supply distribution system downstream of 

the water treatment plant, or into the raw water supply immediately  

upstream of the water treatment plant. Injection could either be into a 

service reservoir or directly into a water pipeline. The water used by 

consumers could be therefore either undiluted, or slightly diluted recy-

cled water. In this definition, the key distinction with indirect potable 

reuse is that there is no temporal or spatial separation between the 

recycled water introduction and its distribution to consumers.

Disinfection. Water treatment which destroys potentially harmful 

bacteria.

Drainage basin. The area of land from which water drains into a 

river, for example, the Santa Ana River Basin, in which all land area 

drains into the Santa Ana River. Also called catchment area, water-

shed, or river basin.

e
East Side Reservoir Project. A Metropolitan Water District project 

in Riverside County for the storage of imported water.

Effluent. Wastewater or other liquid, partially or completely treated 

or in its natural state, flowing from a treatment plant.

Evapotransporation. The quantity of water transpired (given off), 

retained in plant tissues, and evaporated from plant tissues and 

surrounding soil surface. Quantitatively, it is expressed in terms of 

depth of water per unit area during a specified period of time.

f
Flocculation. A chemical process involving addition of a coagulant to 

assist in the removal of turbidity in water.

Forebay. A portion of a groundwater basin where large quantities of 

surface water can recharge the basin through infiltration; also a reser-

voir or pond situated at the intake of a pumping plant or power plant to 

stabilize water level.

g
Gray water reuse. Reuse, generally without treatment, of domestic 

type wastewater for toilet flushing, garden irrigation and other nonpo-

table uses. Excludes water from toilets, kitchen sinks, dishwashers, or 

water used for washing diapers.

Green Acres Project (GAP). A 7.5 million gallons per day (Mgd) 

water reclamation project that serves tertiary treated recycled water 

to irrigation and industrial users in Costa Mesa, Fountain Valley, 

Huntington Beach, Newport Beach, and Santa Ana.

Groundwater. Water that occurs beneath the land surface and fills 

partially or wholly pore spaces of the alluvium, soil or rock formation 

in which it is situated. Does not include water which is being produced 

with oil in the production of oil and gas or in a bona fide mining 

operation.
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Groundwater basin. A groundwater reservoir defined by all the 

overlying land surface and the underlying aquifers that contain water 

stored in the reservoir. Boundaries of successively deeper aquifers 

may differ and make it difficult to define the limits of the basin.

Groundwater mining. The withdrawal of water from an aquifer 

in excess of recharge over a period of time. If continued, the under-

ground supply would eventually be exhausted or the water table could 

drop below economically feasible pumping lifts.

Groundwater overdraft. The condition of a groundwater basin 

in which the amount of water withdrawn by pumping exceeds the 

amount of water that recharges the basin over a period of years during 

which water supply conditions approximate average.

Groundwater recharge. The action of increasing groundwater 

storage by natural conditions or by human activity. See also: Artificial 

recharge.

Groundwater Replenishment System. An OCWD/OCSD joint 

project being developed to provide up to 100,000 acre-feet of reclaimed 

water annually for groundwater replenishment. Treated wastewater 

will undergo further treatment at OCWD-using the same technology as 

bottled water companies-before it is piped northward along the Santa 

Ana River to replenish the groundwater basin in the inland part of the 

county. Visit the GWR System website (http://www.gwrsystem.com).

Groundwater table. The upper surface of the zone of saturation (all 

pores of subsoil filled with water), except where the surface if formed 

by an impermeable body.

gpm. Gallons per minute.

H
Hydrologic balance. An accounting of all water inflow to, water 

outflow from, and changes in water storage within a hydrologic unit 

over a specified period.

Hydrologic cycle. The process by which water constantly circulates 

from the ocean, to the atmosphere, falling to the earth in some form of 

precipitation, and finally returning to the ocean.

i
Imported water.  Water that has originated from one hydrologic 

region and is transferred to another hydrologic region. Metropolitan 

Water District (MWD) of Southern California imports water from the 

Colorado River and Northern California. MWD’s agency in Orange 

County is the Municipal Water District of Orange County (MWDOC).

Indirect Potable Reuse (Planned). The reclamation and treatment 

of water from wastewater (usually sewage effluent) and the eventual 

returning of it into the current/natural water cycle well upstream of 

the drinking water treatment plant. Planned reuse indicates that there 

is an intent to reuse the water for potable use. The point of return 

could either be into a major water supply reservoir, a stream feeding 

a reservoir, or into a water supply aquifer where natural processes of 

filtration, and dilution of the water with natural flows aim to reduce 

any real or perceived risks associated with eventual potable reuse.

Indirect Potable Reuse (Unplanned). Unplanned (or Incidental) 

indirect potable reuse is wastewater entering the natural water system  
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(creeks, rivers, lakes, aquifers), which is eventually extracted from the 

natural system for drinking water

Inflatable rubber dams. Designed to replace temporary sand levees 

that wash out during heavy storm flow, OCWD’s rubber dams hold 

back high-volume river flows and divert the water into the off-river 

system for percolation.

In-lieu program. A program offered by OCWD in conjunction with the 

MWD seasonal storage program that financially encourages ground-

water producers to turn off their pumping facilities and use MWD 

imported water to meet their demands, thereby indirectly replenishing 

the groundwater basin.

Interruptible water. Water from MWD that is subject to being shut 

off at any time, thus avilable at a discounted rate.

L
LIMS. Laboratory Information Management System allows water 

samples to be logged into the computer and the analytical results auto-

matically posted to the WRMS database. 

M
Maf. Million acre feet.

MCL. Maximum contaminant level. Set by EPA for a regulated 

substance in drinking water.

Mgd. Million gallons per day.

Microfiltration. A physical separation process where tiny, hollow 

straw-like membranes separate particles from water. It is used very 

effectively as a pre-treatment for reverse osmosis.

mg/L. Milligrams per liter.

n
NPDES. National Pollutant Discharge Elimination System. A federal 

permit authorized by the Clean Water Act, Title IV, which is required 

for discharge of pollutants to navigable waters of the United States, 

which includes any discharge to surface waters-lakes, streams, rivers, 

bays, the ocean, wetlands, storm sewer, or tributary to any surface 

water body.

Natural flows. Flows, typically in the Santa Ana River, that are not 

placed into the system by man-made activities.

Non-interruptible. Water from MWD that is not subject to any 

interruption.

Non-point source. Wastewater discharge other than from point 

sources. See also: point source.

o
OCCP. Orange County Coastal Project. The original name of the 

seawater barrier project at the Fountain Valley site, now known as 

Water Factory 21.

Operator or owner. Any public or private group or any individual 

to whom a water producing facility (well) is assessed by the county 
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assessor, or the person who owns the land upon which a water 

producing facility is located.

OCWD Annual Engineer’s Report. An annual report on the ground-

water conditions, water supply, and basin utilization to be delivered 

in writing to the Secretary of OCWD on the second Wednesday in 

February of each year.

Overdraft. See: groundwater overdraft.

P
Perched groundwater. Groundwater supported by a zone of material 

of low permeability located above an underlying main body of ground-

water with which it is not hydrostatically connected.

Percolation. The downward movement of water through the soil or 

alluvium to the groundwater table.

Permeability. The capability of soil or other geologic formations to 

transmit water.

Point source. A specific site from which waste or polluted water is 

discharged into a water body, the source of which is identified. See 

also: non-point source.

Potable water. Suitable and safe for drinking.

pb. Parts per billion. Used interchangeably with ug/L (micrograms per 

liter.)

ppm. Parts per million. Used interchangeably with mg/L (milligrams 

per liter.)

ppt. Parts per trillion.Used interchangeably with ng/L (nanograms per 

liter.)

Primary treated water. First major treatment in a wastewater treat-

ment facility, usually sedimentation but not biological oxidation.

Prior appropriation doctrine. Allocates water rights to the first 

party who diverts water from its natural source and applies the water 

to beneficial use. If at some point the first appropriator fails to use the 

water beneficially, another person may appropriate the water and gain 

rights to the water. The central principle is beneficial use, not land 

ownership.

Production, producing. The act of extracting groundwater by 

pumping or otherwise.

psi. Pounds per square inch.

Purveyor. Another name for groundwater producer or pumper.

r
RA. Replenishment assessment, a fee to pump groundwater. A charge 

on each acre-foot of groundwater extracted from the basin. Income 

from the RA finances the replenishment of the basin and projects for 

water recycling and water quality improvements.

Recharge. The physical process where water naturally percolates or 

sinks into a groundwater basin.

Recharge basin. A surface facility, often a large pond, used to 

increase the infiltration of surface water into a groundwater basin.
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Reclaimed wastewater. Wastewater that becomes suitable for a 

specific beneficial use as a result of treatment. See also: wastewater 

reclamation.

Reclamation project. A project where water obtained from a sani-

tary district or system undergoes additional treatment for a variety of 

uses, including landscape irrigation, industrial uses, and groundwater 

recharge.

Recycling. A type of reuse, usually involving running a supply of 

water through a closed system again and again. Legislation in 1991 

legally equates the term “recycled water” to reclaimed water.

Riparian. Of or on the banks of a stream, river, or other body of water.

RO. Reverse osmosis. A method of removing salts or other ions from 

water by forcing water through a semi-permeable membrane.

s
Safe yield. The maximum quantity of water that can be withdrawn 

from a groundwater basin over a long period of time without devel-

oping a condition of overdraft. Sometimes referred to as sustained 

yield.

Salinity. Generally, the concentration of mineral salts dissolved in 

water. Salinity may be measured by weight (total dissolved solids - 

TDS), electrical conductivity, or osmotic pressure. Where seawater is 

known to be the major source of salt, salinity is often used to refer to 

the concentration of chlorides in the water.

SARI. Santa Ana Regional Interceptor. A used water discharge line 

that runs from the Inland Empire to the Orange County Sanitation 

District.

SARWQH. Santa Ana River Water Quality and Health Study. An OCWD 

study to verify the safety of existing recharge operations using Santa 

Ana River water and to satisfy regulatory concerns with the devel-

oping Groundwater Replenishment System.

Seasonal storage. A three-part program offered by MWD.

Seawater intrusion. The movement of salt water into a body of fresh 

water. It can occur in either surface water or groundwater basins.

Seawater barrier. A physical facility or method of operation designed 

to prevent the intrusion of salt water into a body of freshwater, such as 

OCWD’s Talbert Barrier or Alamitos Barrier.

SB 1201. Senate Bill 1201 passed in June, 1933. Authorized the forma-

tion of the Orange County Water District as a political sub-division of 

the State of California.

Secondary treatment. Generally, a level of treatment that produces 

85 percent removal efficiencies for biological oxygen demand and 

suspended solids. Usually carried out through the use of trickling 

filters or by the activated sludge process.

Spreading basin; spreading grounds. See: recharge basin.

Storm flow. Surface flow originating from precipitation and run-off 

which has not percolated to an underground basin.

SWP. State Water Project. An aqueduct system that delivers water 

from northern California to central and southern California.
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Subsidence. Sinking of the land surface due to a number of factors, of 

which groundwater extraction is one.

Supplemental sources. Sources of water outside the watershed of 

the Santa Ana River purchased for the replenishment of the ground-

water basin or used by an OCWD member agency to meet water 

demands.

Sustained yield. See safe yield.

t
Talbert Barrier. A series of multipoint injection wells through which 

OCWD injects water to maintain a seawater barrier. Water from this 

project is obtained from Water Factory 21 and deep-aquifer wells.

TDS. Total dissolved solids. A quantitative measure of the residual 

minerals dissolved in water that remain after evaporation of a solu-

tion. Usually expressed in milligrams per liter.

Tertiary treatment. The treatment of wastewater beyond the 

secondary or biological stage. Normally implies the removal of nutri-

ents, such as phosphorous and nitrogen, and a high percentage of 

suspended solids.

THM. Trihalomethanes. Any of several synthetic organic compounds 

formed when chlorine or bromine combine with organic materials in 

water.

Transpiration. The process in which plant tissues give off water 

vapor to the atmosphere as an essential physiological process.

Turbidity. Thick or opaque with matter in suspension; muddy water.

u
Ultraviolet light disinfection. A disinfection method for water that 

has received either secondary or tertiary treatment, used as an alter-

native to chlorination.

V
VOC. Volatile organic compound. A chemical compound which evapo-

rates readily at room temperature and contains carbon.

W
Wastewater. Water that has been previously used by a municipality, 

industry or agriculture and has suffered a loss of quality as a result of 

use.

Wastewater reclamation. Treatment and management of municipal, 

industrial or agricultural wastewater to produce water of suitable 

quality for additional beneficial uses.

Water Factory 21 (WF-21). Orange County Water District’s 

advanced wastewater purification plant.

Water rights. A legally protected right to take possession of water 

occurring in a natural waterway and to divert that water for beneficial 

use.

Water year (OCWD). The period between July 1 of one calendar year 

to June 30 of the following calendar year.
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Water year (USGS). The period between October 1 of one calendar 

year to September 30 of the following calendar year

Watermaster. A court appointed person(s) that has specific respon-

sibilities to carry out court decisions pertaining to a river system or 

watershed.

Watershed. The total land area that from which water drains or flows 

to a river, stream, lake or other body of water.

Weir box. A device to measure and/or control surface water flows in 

streams or between a series of ponds.

Wellhead treatment. Water quality treatment of water being 

produced at the well site.

WPF. Water producing facility. Any device or method, mechanical or 

otherwise, used for the production of water from the groundwater 

supplies within the District; a water well.

WRMS. Water Resources Management System. Custom computer 

application, which began development in 1990 to assist District staff 

with the management and analysis of water resources data. This data 

includes well information, water quality, water levels, production, 

and recharge. The system is based on a set of integrated software 

programs consisting of a relational database (Oracle), computer-aided 

design (AutoCAD), geographic information system (GIS), and ground-

water flow model (MODFLOW)
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