Con]unctlve Use of Water

http://ca.water.usgs.gov/projects/central-valley/



Central Valley Facts:

» 52,000 square kilometers

~ Using about 1% of U.S.
farmland, California’s
- Central Valle
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WATER STORED IN CALIFORNIA RESERVOIRS AND SNOWPACK

Million of Acre Feet
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Figure 1: The total water stored in the 12 major reservoirs
defined by CA Department of Water Resources, and the other
161 reservoirs, and in the monthly snowpack. The solid red

line is the average reservoir storage from 2000-2015 and the
dashed red line is the average snowpack plus reservoir storage.
Updated from Dettinger and Anderson, 2015.
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Figure 2: April 1st percent of normal SWE (blue bars and 2014
-2015 yellow bars ) and winter (DJF) temperatures (red line) for
California. Data courtesy of the CA DWR and WRCC.
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http://ca.water.usgs.gov/data/drought/runoff.html

Central Valley Water Use

EXPLANATION
Vegetation types
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Natural system
Extensive wetlands

Development began in 1800s

1914 water act addressed
surface water

Until this year, groundwater not ..
regulated (local responsibility):

“legally landowner can pump
ground water as long as it is ;
put to a reasonable and
beneficial use”

(except adjudicated basins)
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Sustainable Groundwater Management in CA

DWR Basin Prioritization 2

Sustainability criteria:

 Lowering of Groundwater
Levels

e Reduction of Groundwater
Storage

e Seawater Intrusion

e Water Quality Degradation

e Land Subsidence

e Depletions of Surface Water
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EXPLANATION
Land use—2000
Land use type—

Water
Urban
Mative vegetation
Orchard, groves and vineyards (none shown
Pastura/Hay (none sh )
Row crops (mone shown
Small grains (none shown)
effallow
Truck, nursery and berry crops
Citrus and subtropical
Field crops
Win ds
Pasture
Grain and hay
Feed |ots and diaries (none shown)
Deciduous fruits and nuts
Rice
Cotton
Developed (none shown)
Cropland and pasturs (nome shown)
Cropland (none shaown)
Irrigated row and field crops (nome shown)
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'_,_l_ Water-budget area boundaries—
Seatable 1

I Active model grid boundary—

See figure 1

n 1w 9

Percentage of total area
by land-usa type




Land-Use Area in Square Kilometers

1920 Land Use Types
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Pre-development
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EXPLANATION

California Department of Water Resources
water balance areas and identifier. Water
balar rea identifier with red highlight
indicates area receiving deliveries not
shown by arrows

Major streams and canals

Diversion locations

Direction of water movement
from diversion location and
water balance area affected.
Length of arrow does not relate
to volume of diversion
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http://pubs.usgs.gov/tm/06/a51/pdf/tm6-a51.pdf
http://pubs.usgs.gov/tm/06/a51/pdf/tm6-a51.pdf
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groundwater used for ifrigation vary yearly
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Results - Storage Change

Variable Variable
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Effects on Central Valley:
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What I1s Subsidence?

Land surface “' ]

W ------

Recoverable land subsidence caused by
reversible elastic deformation

R R Permanent land subsidence caused by
$andandgra\/e1 Land surface irreversible inelastic deformation

= C.Ia'y. and silt
- (aquitards)

Compaction of the aquifer system
is concentrated in the aquitards.

Depth

to water
Granular aquitard Rearranged, compacted fime
skeleton defining granular aquitar Long-term decline in water level
fluid-filled pore ~ [ skeleton with reduced modulated by the seasonal cycles
spaces storing porosity and of groundwater pumpage

groundwater storage

groundwater capacity Galloway et al., 1999
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Subsidence effects TP =

2010 —=>

2012 ==>

Protruding Well
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How IS subsidence measured?
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Recent Subsidence

GPS Surveys

Continuous GPS
» 2/ sites on valley floor

INSAR

Drought impacts
(2012 to present)

Extensometer measurements
{compaction, mm)
e <25
® 25-50
@ 50 - 100
@ 100- 150

@ 150- 280

CGPS measurements
(subsidence, mm)
o Uplift
o <25
© 25-50
© 50-100
@© 100- 150

O 150 - 280

Drought impacts
(2008 - 2010)

InSAR measurements
(subsidence, mm)
125 - 50
=50 - 100
== 100 - 150
== 150 - 280
== 230 - 410
m 410 - 540

m > 540

&4 Historical subsidence areas
== Selected surface water conveyance features
San Joaquin Valley fluvial fans
— Glaciated large drainage basin
Non-glaciated
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EXPLANATION
e X u r e Percent coarse-grain material
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Analysis: . o
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Based on 10,079 "
drillers logs

Interpolated to one-
mile spatial grid at
50 foot depth
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shown on figure 3
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of Tulare Lake bed
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Subsidence and Geology
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Most Compaction Occurred Below
the Corcoran Clay

Fordel Extensometer (anchored in the top of the Corcoran Clay)
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Subsidence, Land use, and
Water Availability

» Renewed subsidence concern during 2007-09
drought, and the recent drought
Reduced surface water importation
More reliance on the groundwater resources
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Subsidence, Land use, and
Water Availability
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What Can Be Done About It?

» Develop tools and analyses such

as these to point out challenges
Integrated Hydrologic models (CVHM)

» Focus on maintaining groundwater
levels above the critical threshold

Reduction of groundwater withdrawal
» Decreasing groundwater demand
» Limiting/redistributing groundwater use
» Increasing supplemental water supply

Enhanced groundwater recharge

» Artificial recharge: direct well injection or
surface infiltration

: | =z
» Natural recharge: source protection < USGS




Annual recharge and recovery in cubic kilometers
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PAST/PRESENT/EUTURE:

Conjunctive Use: Joint use and management of
surface-water and groundwater resources to
maximize reliable supply and minimize damage to the
guantity or quality of the resource.

Sustainability: Development and use of water in a
manner that can be maintained for an indefinite time
without causing unacceptable environmental,
economic, or social conseguences.

Adaptation: Depends on changes in supply and/or
demand, alignment with climate variability/change,
and changes in water governance/policies




Summary and Conclusions

Using about 126 of U.S. farmland, the Central Valley

-Produces more than 250 different crops
-Supplies 7% of the U.S. agricultural output (by value)
/4 of the Nation’s table food and V4 fruits, nuts, and vegetables
Depending on the year, 10-20%b of the Nation’s
groundwater is pumped from the Central Valley

The recent drought, land-use changes, and restrictions
on surface-water flows have resulted in extensive
pumping, large groundwater-level declines, and
widespread land subsidence

How will recent legislation impact this?

Numerical models are a useful tool to forecast information
based on alternative scenarios

GRACE is useful tool at regional scales to analyze recent trends



5

— S




	��  �Conjunctive Use of Water in the Central Valley: �Past, Present, and Future���
	Slide Number 2
	Climate and Water Resources
	Slide Number 4
	Central Valley Water Use�Pre-development
	Slide Number 6
	Slide Number 7
	Land Use
	Slide Number 9
	Slide Number 10
	Water Supply�Conjunctive Use – Surface Water�– Groundwater
	Slide Number 12
	Slide Number 13
	Results - Storage Change
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Recent Subsidence�
	Recent Subsidence
	Texture Analysis:
	Subsidence and Geology
	Most Compaction Occurred Below the Corcoran Clay
	Slide Number 24
	Subsidence, Land use, and Water Availability
	What Can Be Done About It?
	Slide Number 27
	PAST/PRESENT/Future:
	Slide Number 29
	Thanks!��http://ca.water.usgs.gov/projects/central-valley/

