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Overview 

• Historical conditions provide insight;  
native species were adapted to historical flow  
and salinity in the Delta. 

• Characterizations of the Delta as “historically 
saline” or “artificially fresh” are unsupported. 

• Historical record reveals a Delta much fresher 
than current conditions. 

Data sources in this presentation are referenced in CCWD Technical Memorandum WR10-001 
http://www.ccwater.com/salinity/HistoricalSalinityReport-2010Feb.pdf  

http://www.ccwater.com/salinity/HistoricalSalinityReport-2010Feb.pdf
http://www.ccwater.com/salinity/HistoricalSalinityReport-2010Feb.pdf
http://www.ccwater.com/salinity/HistoricalSalinityReport-2010Feb.pdf
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Salinity Intrusion  
Annual Maximum of Daily Maximum 

Before Shasta 
1921 - 1943 

After Shasta 
1944 - 1990 

Collinsville 

Data Source: DWR Delta Overview 
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Monthly Average
1-year Running Average
5-year Running Average

Monthly Salinity at Collinsville 

Delta was seasonally fresh;  
even during dry years 

Delta is no longer seasonally  
fresh during dry years 

Data Sources: courtesy Chris Enright  
  IEP Data Vaults (2009) 

But what was the Delta like before 1920? 
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Annual Runoff
50-year Running Average Runoff

Historical Hydrologic Variability 

*Normal = Average of 1906-2009 Observed Runoff (18 MAF/yr) 

Annual Runoff Reconstructed from Tree Rings 

Data Source: Meko et al. (2001) and DWR WSIHIST (2009) 

Dry period 
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Sediment Cores Reveal Dramatic Increase in 
Delta Salinity ~ 100 years ago 

Indicates Delta was predominately a freshwater 
marsh for the past 2,500 years 

Data Source: Malamud-Roam and Ingram (2004) 

Location of  
Sediment Cores 
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Human Influence on Landscape and 
Water Use Affects Salinity Intrusion 

Bay/Delta 
Landscape 

Water use 
above Delta 

Delta Diversions 
and Exports 

Data Source: Atwater et al 1979 

Data Source: Cappiella et al 1999 
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Earliest Salinity Measurements 
Distance to Fresh Water (50 mg/l Cl) 

Martinez Antioch 

Pittsburg Mallard 
Port Chicago 

Emmaton 

Jersey 
Point 

Rio Vista 

Bradford 
Point 

San Andreas 
Landing 

Crockett 

Collinsville Suisun Bay 

EC Monitoring Stations 
1905-1919 C&H obtained “very pure” water year-round from San Joaquin and Sacramento Rivers. 
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Distance to Fresh Water 
(50 mg/L chloride or 350 µS/cm EC) 

Three decades with 
similar hydrology 

(wetter than average) 
1908-1919: pre-reservoirs 

 

 

 

1965-1976: early 
SWP/CVP 

 

 
 

 

1994-2005: post-Accord 
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Data Sources: California Department of Public Works, Bulletin No. 27 (1931) 
  IEP Data Vaults (2009) 

saltier 

fresher 
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Distance to Fresh Water 
availability of fresh water below confluence has decreased 
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C&H Data
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Monitoring Data

Shading represents 
when fresh water is 

below the confluence. 

 

 

Similar wet and dry 
water years highlight 

the reduction in  
fresh water  

below the confluence 
during 1965-1976 

and 1994-2005  
compared to  
1908-1919 
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dry 

dry 

dry wet 

wet 

wet 

~72% of time below 
confluence 

~42% of time  
below confluence 

Data Sources: California Department of Public Works, Bulletin No. 27 (1931) 
  IEP Data Vaults (2009) 
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C&H Data (1908-1917)
IEP Data (1966-1975)

Salinity Intrusion Occurred Earlier 
by 1975 

saltier 
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Earlier 
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Salinity Intrusion Occurred Earlier 
and Extended Farther Inland by 2004 
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D
is

ta
nc

e 
in

 m
ile

s a
bo

ve
 C

ro
ck

et
t t

o 
50

 m
g/

L 
ch

lo
rid

es
 

Earlier 
salinity 

intrusion 

Saltier fall  
1995-2004 

Exceedance 
 

10 
 

25 
 

50 
 

75 
 

90 

IQR 

ave 

median 



 - 13 - February 10, 2014  

Fraction of time that water at Antioch is 
suitable for use has declined significantly 

    
     
    

Historical (pre-1918)

Water Year 2000

  
  

 
  

 

Measured Salinity in the San Joaquin River at Antioch, WY 2000 (Above Normal Year)
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Data from CDEC 

Freshwater Criterion 
< 1,000 uS/cm 

< 1,000 uS/cm   all day 
< 1,000 uS/cm  low tide only 
> 1,000 uS/cm  all day 

Pre-1918, freshwater was 
available year-round. 

Antioch has 
taken fresh 
drinking water 
from the Delta 
since the 1860s 

Figures from: City of Antioch’s Presentation re Delta Flows (2010) 
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Normalizing by Unimpaired Hydrology 

• Isolate effects of water management by comparing  
actual conditions to unimpaired conditions 
– UNIMPAIRED IS NOT NATURAL 
– Removes hydrologic variability to demonstrate effects 

of reservoir operations and water diversions 
– Assumes current Delta and tributary configuration 

 
• Metrics 

– Net Delta Outflow (NDO) 
– X2  
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Monthly Net Delta Outflow 

Unimpaired NDO 

Actual NDO 

Actual NDO – Unimpaired NDO 

Hydrology is  
getting wetter 

 
 

Actual outflow is 
decreasing 

 

Effect of water use is 
progressively 

more substantial 

Gray shading indicates droughts 

Data Sources: Unimpaired: DWR (2009), see DWR (1987) 
 Actual: IEP’s DAYFLOW (2009) 
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Year-to-Year Trends in  
Monthly Net Delta Outflow 
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Data Sources: Unimpaired: DWR (2009), see DWR (1987) 
 Actual: IEP’s DAYFLOW (2009) 
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Year-to-Year Trends in  
Monthly Net Delta Outflow 
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Data Sources: Unimpaired: DWR (2009), see DWR (1987) 
 Actual: IEP’s DAYFLOW (2009) 
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X2 Variability – Dry Years 
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Unimpaired
Historical

The ten driest years from 1946-2003 based on total unimpaired Delta outflow 
(1947, 1976, 1977, 1987, 1988, 1990, 1991, 1992, 1994, and 2001) 
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Data Sources: Unimpaired: DWR (2009), see DWR (1987); Historical: IEP’s DAYFLOW (2009) 
  X2 using Kimmerer-Monismith (1992) 
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Conclusions 
• Historical conditions were far fresher than current conditions 

• The Delta was predominantly a freshwater marsh for the past 
2,500 years. 
– Delta remained much fresher during century-long dry periods,  

when Suisun Bay became largely brackish. 
– Salinity increased abruptly approximately 100 years ago  

throughout the system (seasonal increase). 
– Channelization and reduced outflow have increased salinity intrusion. 

• Salinity intrusion today is 3 to 15 miles farther into the  
Bay-Delta compared to the early 20th century. 
– Suisun Bay no longer freshens during droughts. 
– Drought-like conditions now occur almost every fall.   
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Recommendations for  
Science Review 

• Consider historical conditions in establishing 
appropriate flow and salinity requirements. 

• Tips when reviewing studies, consider: 
– Hydrology  
– Anthropogenic Changes 
– Salinity metric (sampling strategy and threshold) 
– Methodology for estimating: outflow, X2, unimpaired 
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