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Coastal Alluvial

Basins = icultural
and Urb stal
Basins Development

>Chan‘§in and Use

»Seawater Intrusion
EY

»Land Subsidesce

»Pumpage from Multi-
aquifer Systems with
wellbore flow

»Conjunctive Use of
Ground-Water and
Surface Water

»Artificial Recharge



oastal Issues
. -I ’

variability and Change will affect the
_ )gic system and related land use for
oaste arsheds that, in part, depend on
§round-w epresources for water supply and
irrigati onjunctive Use).

»Pajaro Valgy, Monterey Bay

»Santa Clara River Valley Ventura-Oxnard
Plain, SoCal

»Santa Clara Valley, South SF Bay

Work Performed with Funding from:

(1) California Application Project (CAP)
a NOAA/OGP Regional Integrated Sciences and Assessments (RISA) member

(2) USGS — WRD Global Climate Change Program




velopment + Climate Change
Coastal Problems

sewers and wastewater pollution control
educed ability to discharge Combined
ne CS0O) and WPCP effluent by gravity
e orm surge levels lead to more street, basement and
2 ng and more damage from surge action
igher seec when inundating polluted areas
é_rlownfield , C& ause harmful release of pollutants
»Higher se elS'Can inundate fresh and saline wetlands and

threate ; abili}y Oof canals and levee systems, which can
have impactssenawater supplies, water quality, and flooding.




Smith River Valleyr@®

California Ground Water Basins

Coastal Ground Water Basins

- Inland Ground Water Basins

- Mountainous Areas

: . Salt-Water Intrusion Problem
Napa-Sonoma Valley Suisun-Fairfield Valley e .
Pittsburg Plain or Potential Problem
. Petaluma Valley Clayton Valley

Major Suk %, Ygnacio Valley
Canyons | "
Short-circ
Seawater In
Flowpaths to
Landward parts o

Coastal Aquifers

Santa Clara Valley

Santa Clara River Valley 3
- " =Pty ~
Coastal Plain c?Los Angeles % ®
Coastal Plain Orange Ceunt‘y
San Luis Rey Valley
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4 Groundwater Zones of the Pajaro Valley
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. | Groundwater Zones of the Pajaro Valley
X ___
Groundwater Overdraft

: nfined
Annual groundwater extraction above annual recharge

to the groundwater system

X Long term overdraft causes falling water levels which in
turn cause seawater intrusion

Groundwater Extraction has increased in the Valley , 1
Population Growth

Changes in crop type

Climate (recharge) is variable
“w | Forebay Zone

|:| Valley Floor Pressure Zone
. I:I Upper Pressure Zone
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Penetrate

Explanation

YWaatsonville wells

farmwells

1

domestic wells

1




Propcmastal del |very

Developing
Scheme for
integrating
Harkins Slough
Diversion/ASR
and CDS within
FMP/SFR
simulation in
PVMF2K

Split CDS into
pieces that are
aligned with
Water-Balance
subregions
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[ 1 Pajaro River watershed Faults (USGS)

[__] Outside Pajaro River Known
watershed Concealed

Geologic formations Inferred
B Aromas sand Fault zone (Modified
Purisima from Dupré, 1975.)
~— Fault {U=upthrown side)
N Probable Fault
b

Possible Fault
\ Santa Clara Anticline
= \\ Co Syncline

S =orralitds - River or stream
F},ulif’a_ﬁ’g n Bathymetry contour -
B Interval varies
30 Monitoring well site
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[ Outside Pajaro River —— Known
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Geologic formations " Inferred
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lg?ljaro Vahley Shows Multiple Types of Seawater Intrusion

Water-level altitude, in feet above mean sea level

Water Levels and Sea Water Intrusion
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Long term declines, climatic cycles, and seasonal pumping suppress

water levels below sea water pressures allowing sea water to flow
inland and contaminate fresh ground water supplies

Not all intrusion is saline waters but some is very old water possibly

being forced landward from offshore, i.e PV-3 (Deep)
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Floods continue to occur
Periodically

Climate Variability of
Streamflow largely driven

4y by PDO cycles but also
S .. === Sl show variation from other
climate cycles

Streamflow Variance in Santa Clara Valley
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Period Variance, in percent
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Watsonville Precipitation Record
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| . | Provides Input to Water Cycle

I Accumulated Departure from Long-term Mean Precipitation
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9% Basin

Below Sea
Level ! ollowing 10 year Drought

Groundwater Table Contours

Chittenden

\ %5 Las Lomas
7 N\

> Explanation
_ Cities
Water Table 1947

m Elevation
Below Sea Level

Above Sea Level
L% v




9% Basin
Below Sea
Level

P

Percent of Accumulated Departure
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_ Cities
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0% Basin
Below Sea

RN 1951 Following wet cycle
CofT ak

Groundwater Table Contours
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88% Basin
Below Sea
Level

1992 Groundwater Table Contours

Watsonville O
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88% Basin
Below Sea

Level
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Accumulated Departure from Long-term Mean Precipitation
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88% Basin
Below Sea Groundwater Table Contours
Level .
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Accumulated Departure from Long-term Mean Precipitation
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53% Basin
Below Sea
Level

Groundwater Table Contours

Freedom

Watsonville
~,Pajaro
' :
‘G\ 1
Las Lomas
> Explanation
Cities
Water Table 1998
CONTOUR
Below Sea Level
Above Sea Level




W ater Table
Contour Map

September 2005

E xplanation

P el . Above Sea L evel

. Below Sea L evel

Contour I nterval 5 Feet

Pajarn Valley Water

Miles Management Agency
10
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Drought Post Drought
1950 9% 0%
1990 88% 48%
April September
2005 53% 69%

Accumulted Departure from Long-term Mean (%)
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100

Response to Drought

1951 Basin had enough
storage in the forbay region to
bring the pressure zone back
above sea level and re-
establish the gradient seaward

1998 fo bay Zone ad been
depleated of storage and was
not able to ]e -establish
seaward gradient

1860
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Seawater Intrusion

Historic Trend

Freedom

Watsonville
Pajaro

L'as Lomas

0 05 1 2 3 4
B Viles

Chittenden

mas

;
Explanation

Cities
P 1951

1966
1998

» 2005

™




L elva-Beach

\

A
\

Corralitos

Seawater Intrusion

Historic Trend

Freedom

Watsonville
Pajaro

L'as Lomas

0 05 1 2 3 4
B Viles

Chittenden

mas

;
Explanation

Cities
P 1951

1966
1998

» 2005

™




L elva-Beach

Corralitos

Seawater Intrusion

Historic Trend

Freedom

Watsonville
Pajaro
L'as Lomas
/ 0 05 1 2 3 4
) B sy maaa Miles

Chittenden

mas

;
Explanation

Cities
P 1951

1966
1998

» 2005

™




Seawater Intrusion

Geographic Location 50 year Average intrusion rate end
(ft/yr)
San Andreas Terrace 130
Pajaro River Mouth 230
Springfield Terrace 190
\\ Watsonville
Pajaro Chittenden
ATomas
Las Lomas i o
AN Explanation

Cities

% 1951

1966

0 05 1 2 3 4 1998

P — S ’ 2005




Intrusion Rate (ft/year)

Landward Seawater Intrusion Rates
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Santa Clara-Calleguas Water Resources

PACIFIC OCEAN

Santa Clara-Calleguas Water-Budget, 1984-93

Pumpage
Natural Recharge

Artificial Recharge

Underflow
Land subsidenc ET
Seawater Intrusion

Streamflow Infiltration

Figure 3.
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(California History Center, 1981)




Poland’s Contour
map shows up to 13
ft of Land
Subsidence in
downtown San
Jose. Recent INSAR
deformation shows
similar pattern

~
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Paleo-Extreme
Cllmate tS Mega Drought
Centra ' y’ Medieval Drought .
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EXPLANATION
J Extent of Central

Valley hydrologic
model

Global Climate Model
== Historic lakes

Global Climate Model Nodes A a8, ¢ Reservoir

= State Water Project

~——— Simulated streams
and rivers

@ Simulated diversions

Davis Precipitation station

Figure 1. Map of Central Valley
Hydrologic Model illustrating relation
to the rivers, diversions,

and San Francisco Bay Delta

Modified from Hanson and Dettinger, 2005;
Faunt and others, 2008a (in review). !
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Precipitation Stationarity and Weak-Stationarity
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Variance

>PDO-AMO 43 yr (79%) 52 yr (87%)
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ENSO 2 -6 yr (4%) 2 -6 yr (1%)
Modified from Hanson and Dettinger, 2005;
Faunt and others, 2008a (in review). | | s
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é“'as AlGliMEE Changeyariability Conclusions

o
>Golo structures co ntmlow and connectivity in coastal aquifers
: § -
Stilieline Canyensiand proximity to Offshore Outcrops

>Se6M/ater IntrisSieRican occur with Land Subsidence and Coastal
Fleodine

> Climatercyelesieigverstpply (Recharge/Streamflow) and demand
Components‘v!and Use/Pumpage) that affect seawater
Intrusien/Zland subksidence/fleoding (seasonal =& decadal)

»Climate change mey alse represent changes in variability of climate
cycles (?) = Needs further investigation

»Downscaling and use of GCMs In island & coastal regions still
problematic = fog, orographic effects of smaller-scale mountains, etc.
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