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άbŜǿ hǊƭŜŀƴǎ ǇǊƻǾƛŘŜŘ 
250-year flood protection. 

Very few levees in the 
Sacramento Delta offer 

even 100-ȅŜŀǊ ǇǊƻǘŜŎǘƛƻƴΦέ

ςLester Snow, Director, 
California Department of Water 

Resources (Apr 2006)
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άThe Delta is the single 
greatest risk to interrupting 

SWP/CVP suppliesέ

ςDennis Majors, MWD (2007)

ÅMWD Lead ςDiamond Valley Lake
ÅUSACE Lead ςSeven Oaks Dam
ÅRecipient of four national planning, 

design & construction awards
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Bay Delta ςSystem Reliability Status

Seek emergency response plan approval Complete

Complete emergency preparedness measures Complete

Secure levees along freshwater pathway
Complete on major portions 

of Middle River

Improve water quality & supply reliability Continuous Effort

Limit land subsidence Continuous Effort
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Accomplishments 

Freshwater Pathway approach included in 
State Emergency Response/Preparedness Plan

Regional warehouses & stockpiles completed

Regional & local Delta seismic vulnerability 
analyses conducted

Potential 3-yr outage reduced to < 6 months

Major portions of Middle River levee improved 
to meet mitigate flood and seismic events

Ongoing Activities
Evaluate new levee monitoring technologies

Continue developing on-island stockpiles

Further analysis of improving Old River levees

Recommend update of 1982 State levee std.

Continue targeted levee improvements
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Seismic Risk

Fishery Declines

Subsidence

Sea-Level Rise Invasive Species / Levee Voids

Flooding

Delta 
Risks 



Regional Seismicity
1781 to July 2018 

Regional Seismicity
1781 to July 2018 

Regional Seismicity
1781 to July 2018 

Regional Seismic Analyses
32 earthquakes > 5.0 M since 1781

2016 USGS predicts 72% chance of 
6.7M earthquake in next 30 years

Cause widespread damage

Local Delta Risk Analysis
Multiple analyses 2007 ς2020:

DWR, USACE, Cal OES, DSC, 
UCLA, URS, Lettis, JBA, RMA

In 2019, Lettis International model 
predicts seismic potential of:

6.8 M earthquake on Southern 
Midland Fault in west Delta

6.6 M earthquake on West Tracy 
Fault in south Delta

Peak ground accelerations that 
cause liquefaction (0.2 - 0.5 g)
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10 ft.

7 ft.

3 ft.

Low Risk Aversion = 66% probability of sea-level rise  (based on Kopp et al 2014)  
Med-High Risk Aversion = 0.5% probability of sea-level rise (based on Kopp et al 2014)
Extreme Risk Aversion = Single scenario of sea-level rise (based on Sweet et al 2017)

Historical
0.64 feet rise in last 130 
years

Future Probability
2018 projection update by 
Cal Resources Agency & 
Ocean Protection Council

1.1 to 2.7 feet by 2050

3 to 10 feet by 2100

20302040205020602070208020902100

Year

1.9 ft.

1.1 ft.

2.7 ft.

2050
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Sea-Level Rise 
(Feet)

2100



Historical
162 levee failures in last 
100 years

10 levee failures since 1982 
when State began funding 
levee improvements

Future Probability
Peak storm runoff estimated 
to increase by 44% by 2050 
and 77% by 21001

Will concentrate within core 
winter months when high 
tides also occur1
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1. Info from Delta Stewardship Council 2020



SWP Pumps

CVP Pumps

Historical 1

Subsidence 10 to 30 feet
(- 0.5 to 1.5 inch/year)

Responsible for emissions 
of 2,200,000 million tons 
of carbon annually

Equivalent of 500,000 
vehicles annually

Future Probability
3 to 10 ft. more 
subsidence by 2100 
without change in 
agricultural practices
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Current Land Elevations 

below Sea-Level

1. Info from Deverel, Leighton, Lucero ς
journal publication 2017



Historical
Beaver dens cause significant 
levee damage

±ƛǎǳŀƭ ŘŜǘŜŎǘƛƻƴǎ ŘƛŦŦƛŎǳƭǘ

2004 Jones Tract levee 
failure cause ςbeaver den

Future Probability
New invasive species (Nutria) 
could exacerbate problem

One female can produce up 
to 200 offspring per year
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Sacramento
River

Options
Shasta

Reservoir Oroville
Reservoir Storage Releases

Normal releases has 
minimal impact on 
reducing salinity

Extreme releases 
reduces salinity but 
causes severe agric./ 
urban/fishery water 
supply problems

Operable Barriers 

Freshwater Pathway
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Sacramento
River

Options
Shasta

Reservoir Oroville
Reservoir Storage Releases

Operable Barriers 
Reduces salinity after 
seismic event

High cost for infrequent 
use

Fishery concerns

Seismic operability 
concerns

Freshwater Pathway
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Sacramento
River

Options
Shasta

Reservoir Oroville
Reservoir Storage Releases

Operable Barriers 

Freshwater Pathway

Pre-Event

Levee improvements

Material stockpiles

Integrated County, 
State, Fed Plans

Post-Event

Repair levees

Close side channels

Recovery <6 months

17
Loading Facility

535,000 Tons Rock

Sheet Pile for 
4 Breaches 

Material 
Warehouse

Levee 
Improvements
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State Levee Investments
Annual Maintenance
{ǇŜŎƛŀƭ tǊƻƧŜŎǘǎΥ [ŜǾŜŜ wŜƘŀō

Interagency Coordination
Unified command structure
Annual live emergency drills
Expedited contracts for materials 
and repairs
Fed/State/County agreements

[ŜǾŜŜ LƳǇǊƻǾŜƳŜƴǘǎ 
.ŀŎƻƴ LǎƭŀƴŘ ²Ŝǎǘ [ŜǾŜŜ
.ŀŎƻƴ LǎƭŀƴŘ bƻǊǘƘκ{ƻǳǘƘ [ŜǾŜŜ1

.ƻǳƭŘƛƴ LǎƭŀƴŘ bƻǊǘƘ [ŜǾŜŜ1
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System Reliability

Bacon Island Levee Special Project 1. Currently in design phase

State-Federal Flood Operation Center 
Briefing



Flood Fight Supplies Storage UnitsDWR Stockton Rock Warehouse

Regional Stockpiles

Levee improvements projects 
along Delta freshwater pathway

DWR rock stockpiles complete

On-Island Stockpiles

Initiating smaller rock stockpiles 
on MWD properties

Reclamation District & DWR 
Flood fight storage units

Grant in process from County to 
purchase & store additional 
flood fighting materials
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System Reliability

Regional Warehouse/Stockpile

On-Island Warehouse/Stockpiles



Levee Void Detection
Illustration

New Technology Testing

a²5Ωǎ 5Ŝƭǘŀ ƛǎƭŀƴŘǎ ŀƭƭƻǿǎ 
new cost-effective 
approaches improving 
system reliability

Analyzing new levee void 
detection monitoring 
technologies

Continuing seismic analyses 
to better understand levee 
risks and focus solutions
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System Reliability



Invasive Species Control

Working with California 
Department of Fish & Wildlife

Camera detection station 
setup on Bacon Island & 
Holland Tract

Coordinating with 
State/federal agencies on 
use of detection dogs
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Invasive species control detection dogs
Mel Tucker ςFarm security, dog handler

Invasive Species Control

System Reliability



Environmental Integration & 
Agriculture Sustainability

Benefits
Reduce land subsidence

Enhance marginal farmland

Reduce sea-level rise impacts

Secure carbon capture credits

Enhance habitat restoration

Limit herbicide & pesticide

System Reliability
Carbon sequestration & 
regenerative agriculture

Levee improvements

Integrated landscape 
management

Soil Accretion
+1 to 2 inch/yr. 1

(+ 7 to 14 ft. by 2100)

1 Based on Twitchell Island and other habitat restoration projects

Widen crown 
for habitat

Levee 
Improvements
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