The Sacramento-San Joaquin Delta Levees:
Past, Present and Uncertain Future
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Delta of the Past

e 700,000 acre tidal marsh

* Mostly fresh water, with
brackish water at western
end

e A product of Holocene
rise in sea level

e Extraordinary organic
accumulations

* High hydrologic
residence time
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Transition to the 20t Century Delta

e Reclamation of
700,000 acres of tidal
freshwater marsh

e 1100 miles of levees
separate land from
water (most of the
time)

e Transition from
dynamic, self-
adjusting to static,
homogeneous Delta




Pre-1880: Freshwater Tidal Marsh
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Water Supply: an Afterthought

e Second largest
ecosystem service of
the Delta

e 1800 diversions
e 7.5 MAF/year export




Keeping the Delta fresh, all the time

SACRAMENTO __f&
C

)
/

S
\}
\’

TR
%

&

WHEN THE RIVERS ARE LOW SALT
WATER FROM THE OCEAN FLOWS
INTO THE SLOUGHS AND CHANNELS
7 OF THE DELTA THREATENING THE
FERTILITY OF RICH ISLAND FARMS.

A policy since the 1940s to
maintain the Delta as an
unvarying, freshwater “estuary”,
through carriage releases to
reduce impacts of tides



The 20" Century Sacramento-San Joaquin Delta
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An Ecosystem in Crisis
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SOURCE: California Department of Fish and Game.

NOTES: Graphs report the indices for the fall midwater trawl. Circles indicate the rank
of indices in 2005. For delta smelt, longfin smelt, and striped bass, the recent indices
represent low points in long-term declines of their populations.




Static, Warm, Freshwater Delta Ideal for Invaders,
Poor Habitat for Native Fishes

* Profound, irreversible ecosystem changes due to
iInvasions, flow conditions, loss of physical habitat :
and decline in primary productivity

» Alien species do best with constant salinity (fresh or
saline); natives evolved in and tolerate variability

« Delta plant and animal communities resemble a
lake in southern Arkansas
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Transition to the 215 Century Delta:
Drivers of Change

.. v » Sea Level Rise

» WE . Syubsidence

e Changing Inflows
e Seismicity
 Economic

— Competing Public
Interests
— Limited Public Funds

e



Sea Level Change (cm)
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1 m sea level rise =
750,000 acres of
potential inundation

* Most protected by
levees

e Most of Delta Is
below current and
future sea level

e Sealevel rise
Increases salinity
of the Delta

Courtesy: Noah Knowles, USGS

below present mean
- water level

below present monthly
mean high tide

below monthly mean high
- tide with 1,0m sea leve
rise



Meters

Meters

Subsidence

Projected Island Elevations due to Subsidence and Sea Level Rise
Western and Southern Delta

Pre-1880: Freshwater Tidal Marsh
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Changing Inflows

Changing inflows to the Delta
associated with changing
upstream conditions and
operations
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Increasing likelihood and consequences of
levee failure/island flooding

Damage
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Probability of Failure (%)

Flooding Inevitable
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Cumulative probability of levee failure/island flooding due to earthquake OR
flood for a given interval of time (based on DRMS draft data)



Economic Drivers of Change
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Upgrade and/or Repair Levees?

Agricultural Levee Design Standards

Landslide slope varies | 16 |

with depth of peat.
range 3:1 - 7:1

}1.5" 1:300 Year Flood

2
Bulletin 192-82 I

Landslide slope varies
with height of levee

and depth of peat.
Range 3:1- 5:1
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2
PL 84-99 ~ I
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Future
Option Current Upgrade Repair
Number Policy Decision
1 No Upgrade Repair
2 No Upgrade No Repair
3 PL 84-99 Repair
4 PL 84-99 No Repair
5 PL 84-99 + 1ft SLR Repair
6 PL 84-99 + 1ft SLR No Repair




Island levee decision analysis tree for assessing whether to
upgrade levees and to restore islands following flooding

Decision Analysis: Levee Upgrades and Repairs
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Levee Decision Analysis o 4
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Concerns About Flooded Islands

e Habitat -
Better or worse?

 Water Quality -
salinity increases, but may
Improve conditions for

native fishes

e Surrounding Levees -
wave action & seepage
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Concerns About Flooded Islands

Water Code Section
12981 and AB 955

Federal & State Clean
Water laws

Endangered Species
Acts

CEQA and NEPA

Takings Clauses and
Nuisance
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Key Conclusions

Sea level rise will increase Delta salinity, no matter what

Island flooding will increase In frequency and
consequence with time

Low resiliency (willingness to pay) means permanently
flooded islands

Delta of the past is gone; Delta of the present is unstable
and at a tipping point; Delta of the future is going to be
very different and irreversible

“Restored” aguatic habitat in abundance, but unseen
historically.

No policy in place to deal with this, but essential as part
of a Delta conveyance and ecosystem restoration
solution.



19t Century Delta 20t Century Delta

“If a man neglect to strengthen his dike and
do not strengthen it, and a break be made in
his dike and the water carry away the
farmland, the man in whose dike the break
has been made shall restore the grain which
he has damaged.”

-The Code of Hammurabi (circa 2250 BCE), translation by Robert Francis Harper
(1904)

21t Century Delta
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