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actions would be taken. The process would include:
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health protection equivalent to Delta source water quality of 50 parts per 
billion (ppb) bromide and 3 parts per million (ppm) total organic carbon.
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the Program’s progress toward these measurable water quality goals and 
the second on CALFED’s progress toward ecosystem restoration 
objectives, with particular emphasis on fisheries recovery.”
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Water QualityWater Quality GovernanceGovernance

StorageStorage
WUEWUE

EcosystemEcosystemLeveesLevees

This is a complex system that This is a complex system that 
requires systemrequires system--widewide
approaches:approaches:

•• Water Management Water Management 

•• Ecosystem RestorationEcosystem Restoration
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+ ½ ft sea level rise
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Future (2000 – 2100)
½ to 3 ft sea level rise
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½½ to 3 ft sea level riseto 3 ft sea level rise
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Climate Change Uncertainty 
- Rising Temperatures -

Climate Change Uncertainty 
- Rising Temperatures -

From: Dettinger, 2005
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Making ALL precipitation = rain in
PRMS simulation model of Lower
North Fk Feather River (abv Oroville)

(Model described by Koczot et al, 2005, USGS SRIR 2004-5202)

Concentration of 
altitudes in 
historical snow-rain 
transition range 
yields notable max-
flood changes with 
snow-rain change:

8-yr flood --> 2-yr



Climate Change will Reduce 
California’s Snow Pack
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• 14 MAF ~ Average annual Central Valley snow pack
• DWR projects that a temperature rise of  3 degree 

Celsius rise in temperatures will reduce this storage 
by 4 to 5 MAF 
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Probability of Urbanization (U.C. Berkeley)



HydrillaHydrilla

Invasive                     SpeciesInvasive                     Species

Asian ClamAsian Clam
Zebra MusselsZebra Mussels
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• Significant habitat restoration upstream 
from the Delta

• Significant scientific research & 
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InformationInformation

• Pelagic organisms at all time low
• Some salmon runs improved
• Entrainment at the pumps is a significant 

factor for Delta species
• A variable salt regime would likely benefit 

native species in the Delta
• Invasive species play a significant role in 

the Delta
• Delta is a tidal ecosystem not a riverine

system
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Kimmerer & Brown (USGS)
Estimates of Pumping Impacts on Delta 
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Interpreting CorrelationsInterpreting Correlations



Fish Presence in the DeltaFish Presence in the Delta

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
steelhead

spring run yearlings smolts
winter run smolts

winter run adults
late fall run smolts

fall run smolts
fall run fry

striped bass YOY
SJ salmon smolt

SJ salmon fry
splittail adults

longfin smelt adults longfin smelt YOY
delta smelt juveniles & larvae

delta smelt adults

splittail juveniles



QuestionsQuestions

• Achieved sustainable ecosystems that 
support native species?  On the right track?

• Through Delta Conveyance compatible with 
Ecosystem Restoration?

• Variable salinity & flow a requirement?
• Continue EWA?  How large?
• What should the Delta environment look like 

in 50 years?
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Decisions To Be Made Decisions To Be Made 

• Ecosystem Restoration – how best to 
proceed. Use new science information

• Regulatory Commitments – scope and 
extent

• Conveyance Structure – compatible
with ecosystem objectives

• Governance and funding 
• Use of the Environmental Water 

Account
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• Groundwater storage
• Ag & Urban water conservation 
• Recycling
• Water transfers 
• EWA Actions
• Surface Storage first stage studies completed
• Final EIS/EIR for South Delta Improvements 
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InformationInformation

• Understand hydrodynamics much better
• More water has been delivered 
• High risk of pump curtailment (lower 

reliability)
• Projects to allow greater export flexibility 

delayed
• Risk of catastrophic failure
• Climate change
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• Can we support ALL beneficial uses 
reliably with a thru-Delta system?  With 
expected changes?
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• regulatory risk?
• catastrophic failure risk?
• climate change risk?
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• Conveyance Facility – same or different
• Water Deliveries – expand, reduce or 

maintain
• Water Supply Reliability – how best to 

achieve
• Support for additional regional self sufficiency 

improvements
• Surface Storage
• Governance and funding
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AccomplishmentsAccomplishments

• Significant reductions in San Joaquin 
River salt loads

• Significant progress towards solving 
Stockton ship channel DO problem

• Successful demonstration of advanced 
drinking water treatment technologies

• Expanded monitoring and modeling 
capabilities
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InformationInformation
• Though native Delta species benefit 

from water quality variability, variability 
complicates drinking water treatment

• Drinking water quality standards will 
become more strict in the future

• Treatment technology is improving
• Not meeting ELPH objective
• Improved understanding of Delta water 

quality (from improved models)
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Example of Conflicting 
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Snow Melt          Brackish                            OceanSnow Melt          Brackish                            OceanSnow Melt          Brackish                            Ocean
SalinitySalinitySalinity

Ecosystem QualityEcosystem Quality

Urban Quality Urban Quality 

Ag QualityAg Quality Desired: low Desired: low 
salinity and low salinity and low 

variabilityvariability
Desired: High Desired: High 

variabilityvariability

*Note – Salinity is one of many important 
water quality factors

*Note – Salinity is one of many important 
water quality factors



Drinking Water Quality

ROD Intake Target for Bromide = 50 ug/L
ROD Intake Target for TOC = 3 mg/L



QuestionsQuestions

• Have we met drinking water quality 
objectives (Bromide?  TOC?)?

• Can we meet these objectives w/ ELPH?
• Can the Delta continue to be used as a 

source of drinking water?  At what cost?
• How will future conditions affect water 

quality?
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AccomplishmentsAccomplishments

• Ongoing maintenance of Delta levees
• Improvements on a few Delta levees
• Improved emergency preparedness
• New Bonds provide needed financial 

resource
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InformationInformation
• Delta levees are unstable
• Stabilizing Delta levees is very difficult and 

costly
• Sea level rise may overwhelm Delta levees
• Regional climate change will result in more 

frequent severe flood events in the Delta
• 2 in 3 chance of catastrophic levee failures 

in 50 years
• Delta levee maintenance requires 

significant continuous expenditure
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Below Sea LevelBelow Sea LevelBelow Sea Level
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Land Subsidence
Due to farming, erosion & peat soil oxidation
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Seismic VulnerabilitySeismic Vulnerability
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Bay Delta Region Major Faults Bay Delta Region Major Faults 

San Gregorio

San Gregorio

San Gregorio

Two-in-three
chance of 
catastrophic
flooding by 2050 
from earthquakes or
100-year flood events
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100100--year flood eventsyear flood events



New Orleans Levee Failure New Orleans Levee Failure 



17th Street Canal17th Street Canal



17th Street Canal:  Sheared Layer within Marsh near the 
Main Section of the Displaced Levee Embankment



17th Street Canal:  Gap Fully Developed at Storm Surge Elev. + 9 ft (MSL)



Bay-Delta Land Subsidence --
Islands or Holes?
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Pre-1880’s

Present Time

Levee Failure



QuestionsQuestions

• Can the Delta as we know it be sustained?
• Is the technology available to protect levees 

from the catastrophic failures that may occur 
in the future?  If so, at what cost?

• How do we prioritize the work to be done on 
Delta levees?

• How will future conditions affect Delta levees?
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• Protect islands / levees
• Protect infrastructure 
• Protect agricultural values
• Protect urban areas
• Integrate levee & conveyance decisions
• Governance and funding
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ConclusionsConclusions

• Despite some progress, the Delta is still 
broken - difficult decisions required

• Stakes are high - irreplaceable
ecosystem, water supply, public health

• Future Changes will magnify challenges 
(climate change, sea level rise, etc.)

• Action is imperative
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