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HISTORY of CCWD’s WATER USE and MAJOR PROJECTS 

 
1940 The Contra Costa Canal was constructed as the first CVP facility 

 

1988  CCWD diversions of Delta water reach 140,000 acre-feet /year, serving 350,000 people 

 

1997 CCWD reduces diversions to 115,000 acre-feet/year, serving 450,000 people, reducing 

demand on Delta water supplies 

 

1997   CCWD’s Los Vaqueros Reservoir and Old River Intake completed   

CCWD Benefit 

 Improved water quality, emergency storage 

 

Environmental Benefit  

 Reduced incidental take of listed species with the construction of the first positive barrier 

fish screen in the Delta; 70% of CCWD diversions are screened 

 Storage allows the District to cease all diversions and rely on stored water at times when 

Delta fish are most at risk, generally 30 days each year 

 

2007 CCWD conservation program keeps diversions at 115,000 af/year while serving 

550,000 people, keeping demand on Delta supplies low despite growth 

 

2010 CCWD’s Middle River Intake on Victoria Canal completed 

CCWD Benefit 

 Improved water quality, especially in droughts 

 

Environmental Benefit 

 Reduced diversions from south Delta in January through June, increased diversions in 

summer when sensitive fish species are not in the vicinity  

 Further reduced incidental take; 80% of CCWD diversions are screened 

 

2011  Contra Costa Canal fish screen, a CVPIA project, completed   

Environmental Benefit: 

 100% of CCWD diversions are screened, minimizing take of listed species 

 Allows CCWD diversions to be shifted to Rock Slough, avoiding possible conflicts with 

Old and Middle River flow requirements 

 

2012 CCWD’s Enlargement of Los Vaqueros Reservoir completed  

(enlarged from 100,000 acre-feet to 160,000 acre-feet) 

CCWD Benefit 

 Improved water quality, increased emergency storage, regional water supply reliability 

 

Environmental Benefit  

 Protect Delta fish through additional operational flexibility 

 Potentially provide water to federal wildlife refuges 

 

  



CCWD OPERATIONS AND PERMITS 

OLD AND MIDDLE RIVER FLOW REGULATIONS 

 

CCWD Operations and Permits 

CCWD relies on the Delta for 100% of our water supply, from both Central Valley Project 

(CVP) contract deliveries and diversions under CCWD’s own water rights.     

 CCWD does not receive any water from the CVP export pumps in the south Delta. 

 CCWD has four intakes in the Delta, and shifts diversions among them based on Delta 

water quality and the location of sensitive fish species. 

 All four intakes have positive barrier fish screens. 

 CCWD’s Los Vaqueros Reservoir is an off-stream reservoir that is operated for water 

quality, not water supply. 

 Los Vaqueros is filled from CCWD’s Delta intakes when the Delta is fresh, and stored 

water is released for blending with Delta diversions when the Delta is salty.  

 The use of Los Vaqueros Reservoir does not increase water diversions by CCWD;  

it changes the timing of diversions but does not increase the total.  

CCWD operations are regulated by USFWS & NMFS BOs and a CDFW ITP. 

 The permits are independent of the permits for the coordinated operation of the Central 

Valley Project (CVP) and State Water Project (SWP), which are currently in litigation. 

 The permits include annual operational restrictions for fish protection:  a 75 to 90 day 

period when Los Vaqueros Reservoir cannot be filled and a 30 day period when CCWD 

cannot divert any water from the Delta.   

 Ongoing monitoring at CCWD intakes indicates minimal take of listed fish species. 

 

Effect of Old and Middle River (OMR) flow restrictions on CCWD’s operations 

Although the OMR restrictions in the CVP/SWP permits are intended to govern Delta exports at 

Banks and Tracy Pumping Plants, and although CCWD’s operations are governed by separate 

permits, the OMR restrictions affect CCWD’s operations. 

 CCWD’s Old River Intake and Middle River Intake are located in the reaches of the 

rivers that are regulated to OMR net flow limits under the CVP/SWP permits.  

 The location of CCWD’s intakes within the regulated area has created the potential for 

conflict over Delta operations between CCWD and the SWP and CVP.   

 CCWD, CVP and SWP have coordinated operations since OMR restrictions have been in 

place; this has resulted in additional limitations on filling Los Vaqueros Reservoir. 

 When CCWD’s diversions are curtailed to assist in meeting the OMR restrictions, 

diversions at screened intakes are decreased in order to increase diversions at an 

unscreened intake, potentially impacting fishery resources.   
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Protecting Delta Fisheries 
 
 
 

April 2014 
 

The Contra Costa Water District (CCWD) serves water to approximately 500,000 people throughout north, 

central and eastern Contra Costa County.  Formed in 1936 to provide water for irrigation and industry, CCWD 

is now one of the largest urban water districts in California and a leader in drinking-water treatment technology 

and source water protection.  

 

The mission of the Contra Costa Water District is to strategically provide a reliable supply of high quality 

water at the lowest cost possible, in an environmentally responsible manner. 

 

CCWD relies on the Delta for 100% of our water supply, from both Central Valley Project (CVP) contract 

deliveries and diversions under CCWD’s own water rights.  Although a CVP contractor, CCWD does not 

receive any water from the large CVP export pumps in the south Delta.  Instead, CCWD relies on diversions 

from four intakes placed throughout the western, central, and southern Delta.  All four intakes have positive 

barrier fish screens to minimize direct impacts to fish.  Furthermore, the redundancy in diversion facilities and 

use of local storage allow CCWD to provide additional benefits by adjusting the timing and location of 

diversion to benefit sensitive fish species. 

 

 

State-of-the-Art Positive Barrier Fish Screens 
 

CCWD’s intakes on Old River and Victoria Canal 

have positive barrier fish screens positioned on the 

side of the river channel.  The National Marine 

Fisheries Service approved the screen design as 

required by the United States Fish and Wildlife Service and 

California Department of Fish and Wildlife. Protective design 

characteristics include: 

 Intake and screen built along the side of the river 

 River flows parallel to screens; fish can swim past the 

screens  

 Fine Screen mesh: maximum of 3/32
nd 

of an inch  

 Low approach velocity (toward pumps) ~ 0.2 feet per second;  

high sweeping velocity (past pumps) ~ 1 feet per second 

 

 

For comparison, the existing export facilities have much 

larger pumps at the end of channels, resulting in: 

 Flow directly into the screens;  

creating the need for fish handling 

 High approach velocity; 

no sweeping velocity 

 Higher fish losses 

 

CCWD Old River Pump Station 



 

 

Protecting Delta Fisheries 
  
 
 
 
 
Operational Adaptations 
 

CCWD’s Los Vaqueros Reservoir provides water supply reliability for droughts and emergencies and allows for 

flexibility in timing of Delta diversions to meet CCWD’s water quality goals and protect sensitive species in the 

Delta.  By meeting customer demand with water stored in Los Vaqueros, CCWD is able to adapt our operations 

and reduce Delta diversions during sensitive fish periods. 

 

 CCWD ceases diversions for 30 days in spring of each year. 

 CCWD further reduces diversions for additional 45 to 60 days each year  

(total of 75 to 90 days of diversion reductions). 

 Timing of diversion curtailments is flexible; default periods are adjusted by fisheries agencies when 

warranted. 
 

 

Monitoring 
 

CCWD conducts regular monitoring to evaluate the performance of the fish screens and reports this information 

along with water quality and diversion information to the fishery agencies.   

 

 Field data and research indicate screen and operations are highly efficient in protecting aquatic species. 

 In over 16 years of operation since the construction of the Los Vaqueros Reservoir and Old River fish 

screens, CCWD has diverted over one million acre-feet of water from the Delta, yet CCWD has caught 

zero adult smelt and only 13 juvenile or larvae smelt at our intakes.  For comparison, from 1997 to 

2010, approximately one-half million adult and juvenile delta smelt have been caught at other south 

Delta diversions. 
 

 

Conservation Efforts 
 

CCWD has a successful, ongoing conservation program, implementing a variety of programs to achieve long-

term water savings, including education, technical advice, rebates and incentives.  In the last twenty years, 

CCWD’s demands have decreased 15 percent (from 140,000 acre-feet per year to less than 120,000 acre-feet 

per year in a normal year) despite a 40 percent increase in population.  Recent economic conditions and ongoing 

conservation efforts have further reduced CCWD’s demands to approximately 100,000 acre-feet per year.  In 

addition, the Central Contra Costa Sanitary District and Delta Diablo Sanitation District deliver approximately 

10,000 acre-feet per year of recycled water within CCWD’s service area, nearly 10% of CCWD’s overall water 

demand. 
 

CCWD’s conservation and recycling efforts have saved approximately 400,000 acre-feet over the last 15 years.  

This reduction in diversions also has a benefit for Delta fisheries. 
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This document contains the highlights of Contra Costa Water District’s technical review “Historical

Freshwater and Salinity Conditions in the Western Sacramento-San Joaquin Delta and Suisun Bay”. 

For references and data sources, please review the full report available on CCWD’s website at

www.ccwater.com/salt.asp

The map on this page shows key locations mentioned in this document.
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Key findings:
• Measurements of ancient plant pollen show that the Delta was predominately a freshwater marsh for the past 

2,500 years, and that the Delta has become far more saline in the past 100 years because of human activity.

• Salinity intrusion today is typically 3 to 15 miles farther into the Delta compared to the early 20th century, 

when much less fresh water was diverted.

• Before freshwater diversions increased in the 1940’s, the Delta and Suisun Bay would freshen every winter, 

even during the extreme drought of the 1930’s. However, that pattern has changed – during recent droughts 

(1976-1977, 1987-1994, and 2007-2009), the Delta did not freshen. Without seasonal freshening, 

contaminants and toxics can accumulate in the system.

• While half of the past 25 years have been relatively wet, the autumn salinity levels in 21 of those 25 years

have resembled dry year conditions: in terms of salinity, the Delta is now in a state of drought almost every

autumn because of human activity including water diversions.

The Delta is not artificially fresh

The historical record and published studies demonstrate that the Delta is far saltier now than it 

would have been without human interference. 

Is the Delta “artificially” fresh? 
Some have suggested that the Delta is now kept artificially fresh, and that historically the Delta was

saltier. This report addresses the question of whether the Delta is, in fact, artificially fresh through

comparison of recent Delta salinity levels to the estimates and measurements of historical salinity going

back 2,500 years.

Establishing the Historical Baseline

The watershed of the Sacramento – San Joaquin Delta (Delta) provides drinking water to more than 23 million

Californians as well as irrigation water to millions of acres of agriculture in the Central Valley. The Delta itself is

a complex estuarine ecosystem, with populations of many native species now in serious decline. The Delta

estuary as we know it began to form only 6,000 years ago, following the end of the last ice age. Because the

estuary is connected to the Pacific Ocean through San Francisco Bay, seawater intrusion causes the salinity of

Suisun Bay and the Delta to vary depending on hydrological conditions. Seawater intrusion into the Delta

affects estuarine species as well as drinking water and irrigation water supplies.

Successful ecological restoration of the Delta will depend upon knowledge of the conditions under which

native species evolved. Contra Costa Water District’s report “Historical Freshwater and Salinity Conditions in

the Western Sacramento-San Joaquin Delta and Suisun Bay” provides a review of more than 100 years of

studies, monitoring data, scientific reports, and modeling analyses that establish the historical salinity

conditions in the Western Delta and Suisun Bay. This document presents the highlights of that report.

2
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Historical reports chronicle unprecedented salinity intrusion, 
starting around 1917, due to upstream water use

The geography and freshwater characteristics of Suisun Bay and the Delta are recorded in writings of explorers

and early settlers. In maps and journals from the 19th century, Suisun Bay was called “Freshwater Bay”.

By the early part of the 20th century, it was recognized that human activities, including the diversion of fresh

water from the system, were causing increased salinity intrusion into Delta. Starting in 1917, local industries

and residents observed unprecedented salinity levels, leading a local sugar refinery to seek a new water supply,

the Town of Antioch to file a lawsuit against upstream water users, and the State of California to launch a

salinity monitoring program and investigation.

The misconception that the Delta is now artificially fresh and does not experience the full range of natural

salinity intrusion may be due to superficial comparison of the maximum salinity intrusion diagrams in the Delta

Atlas (DWR, 1993), which show greater salinity intrusion during six years in the 1920’s and 1930’s than

occurred from 1945-1990. However, maximum salinity intrusion in the early 20th century was strongly

influenced by upstream diversions and channelization of the Delta. The quotations below from early 20th

century reports show that salinity intrusion in the 1920’s should not be considered natural.

3

1928 - Thomas H. Means. Salt Water Problem, San Francisco Bay and Delta of Sacramento and San Joaquin Rivers

Under natural conditions, Carquinez Straits marked, approximately, the boundary between salt and fresh water in the 
upper San Francisco Bay and delta region of the two tributary rivers—the Sacramento and San Joaquin. Ordinarily 
salt water was present below the straits and fresh water was present above. Native vegetation in the tide marshes 
was predominately of salt water types around San Pablo Bay and of fresh water types around Suisun Bay.…

The definite statement that salt water under natural conditions did not penetrate higher upstream than the mouth 
of the river, except in the driest years and then only for a few days at a time, is warranted.…

At present [1928] salt water reaches Antioch every year, in two-thirds of the years running further upstream. It is to
be expected that it will continue to do so in the future, even in the years of greatest runoff. In other words, the 
penetration of salt water has become a permanent phenomenon in the lower river region.

The cause of this change in salt water condition is due almost entirely to the works of man.

1931 - Department of Public Works, State of California. Bulletin No. 27. Variation and Control of Salinity in Sacramento-San
Joaquin Delta and Upper San Francisco Bay.

The dry years of 1917 to 1919, combined with increased upstream irrigation diversions, especially for rice culture in 
the Sacramento Valley, had already given rise to invasions of salinity into the upper bay and lower delta channels of 
greater extent and magnitude than had ever been known before. 
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Consistent with historical reports, paleosalinity records
reveal a sustained period of freshwater conditions in
the Delta, followed by a sharp, sustained increase in
salinity starting about 100 years ago

In paleoclimatology, information from natural sources, such as atmospheric temperature (from ice cores) and
precipitation cycles (from tree rings), is used to reconstruct past climate, providing a history of conditions
before modern instruments. Salinity in the Bay and Delta tidal marshes has been reconstructed from
sediment cores, providing evidence of salinity intrusion over the last 2,500 years.

The Delta was predominately a freshwater system for 2,500 years, even during century long droughts, until
the early 1900’s, as shown below at the Browns Island tidal marsh near the confluence of the Sacramento
and San Joaquin Rivers (Figure 1). Although Suisun Bay experienced salinity intrusion during long drought
periods (the last period ended approximately 700 years before present), salinity did not affect the western
Delta to the same degree, likely due to the vast tidal marshes that existed until the early 20th century. 

Furthermore, salinity levels in Suisun Bay during the past century exceed even the long drought periods of
previous centuries, even though the watershed has received above average rainfall for the last 70 years. The
abrupt increase in salinity during the last 100 years has been attributed to human activities, including
reclamation of tidal marsh and diversion of fresh water.

4

Figure 1.  Paleosalinity records from
three tidal marsh locations in the
Western Delta and Suisun Bay and
Marsh indicate a sharp increase in
salinity during the last 100 years,
resulting in conditions at least as
salty as or saltier than at any period
in the previous 2,500 years.

Figure adapted from Malamud-Roama
and Ingram (2004) 
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Earliest salinity measurements reveal a fresher Suisun
Bay in the winter/spring and less salinity intrusion into
the Delta in the fall
The earliest salinity measurements in the Delta were recorded by the California & Hawaiian Sugar Refining Corporation

(C&H) from 1908 to 1929. C&H obtained fresh water by sending barges that traveled upstream along Suisun Bay and

into the Delta until they reached water with a chloride concentration of less than 50 milligrams per liter (mg/L). The

distance the barges traveled is a measure of salinity intrusion; increasing distance indicates increasing salinity. 

Salinity started increasing in 1917 and by 1920 the salinity had increased to the point that C&H abandoned the

Sacramento and San Joaquin Rivers during the summer and fall, replacing the water supply with an agreement with

Marin County. The increase in salinity recorded by C&H is consistent with the paleosalinity archives, reports from early

settlers, and the conclusions of the State of California salinity investigation of the 1920’s.

Comparison of the C&H observations for 1908 through 1917 (prior to significant upstream diversions) with recent

salinity levels from two time periods of similar hydrology (Figure 2) indicates that fresh water was present further

downstream in Suisun Bay and the western Delta more often and for a longer portion of the year from 1908 to 1917

compared to recent years. The colored (lower) parts of the graphs below show the progressive loss of fresh water

from the system and the upper lines show the increasing salinity intrusion into the Delta.

Figure 2. Fresh water was available within Suisun
Bay for a longer time period each year during the
early 1900’s.

The colored portion on each chart represents
the amount of fresh water (with less than 50
mg/L chloride or approximately 0.2 ppt
salinity), that is available within Suisun Bay,
downstream of the Delta boundary
(approximately 18 miles above Crockett).

From 2001 to 2005, fresh water was seldom
available below the Delta boundary, indicating
that the Delta did not “flush”. Without the
seasonal freshening of the Delta, contaminants
and toxics can accumulate in the system.
Investigations found toxics to be a factor in the
decline of the Delta ecosystem.

Note: While hydrological conditions were
similar in the three time periods shown to
the left, the sequence of wet and dry 
periods differs.

5

1   During August and September 1918, average water quality obtained by C&H
exceeded 110 mg/L chloride

2   Salinity intrusion is likely an overestimate due to inadequate spatial coverage
of monitoring stations in 1965 and 1966
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Salinity at the confluence of the Sacramento and San Joaquin Rivers near Collinsville reveals the evolution of

two factors identified as contributors to the decline of the Delta ecosystem: the accumulation of toxics (Figure 3)

and the increase in fall salinity (Figure 4).

6

Figure 3. Even in the six-year drought from 1928 to 1934, the Delta still freshened every winter. However, the
Delta has not freshened during more recent droughts (1976-1977, 1987-1994, and 2007-2009). This indicates
that the Delta is not being “flushed” with fresh water as it was historically. The lack of flushing may allow
waste from urban and agricultural developments upstream of and within the Delta to accumulate.
Contaminants and toxics have been identified as a factor in the decline of the Delta ecosystem.

* Indicates no data are available

Figure 4. Fall salinity is now high almost every year, while historically, fall salinity was only high in dry and
critical years. High salinity in the fall has been identified as a factor in the decline of the Delta ecosystem.

* Indicates no data are available

The Delta no longer freshens during droughts and fall
salinity is so high that drought-like conditions in the fall
occur almost every year
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1331 Concord Avenue  •  Concord, California 94520

925-688-8000  •  www.ccwater.com

Salinity in the Bay and Delta responds to upstream runoff, diversion of fresh water, operation of upstream

reservoirs, and the geometry of the Bay and Delta. From the mid-1800’s until approximately 1920, the most

significant impact on salinity was likely due to changes to the landscape of the Central Valley and Delta.

Since 1920, reservoir operations and diversion of fresh water significantly increased salinity in the estuary.

Printed 12/10/09

* Indicates no data are available

* Indicates no data are available
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