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Outline

 Groundwater fundamentals
— California groundwater occurrence & general background
— Climate change and a new epoch of scarcity

— Overdraft & negative consequences
Non-sustainable storage depletion

Subsidence

Surface water & ecosystem effects

Increased energy costs

Bad water intrusion from aquitards and from depth
Basin salt imbalance

Seawater intrusion

— Sustainable yield
 Groundwater myths
— Pumping of “fossil water” is non-sustainable
— Groundwater storage depletion always takes a long time to recover
— Groundwater levels tell us how much groundwater storage is changing
— Quality of most groundwater is degraded
— Good quality groundwater today is likely to stay that way
— Potential myth: climate change will decrease groundwater recharge
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.' Major Rivers

California @ state Projects
Foderal Projects
Water System - ——
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http://www.water.ca.gov/maps/allprojects.html






Slides: Bryan Weare,

Snow Water Storage

#

Definition: Snow-Water S asem e
Equivalent (SWE) is a common 075cm o0

010.0cmO

snowpack measurement. It
measure the volume of water
contained within the snowpack
(as a measure of depth).

= — —— - ———

Figure: Mote (2006) Fig 5a:
Observed changes in 1 April
Snow-Water Equivalent over
the 1960 to 2002 period of
record from snow course
observations.

J./
w/®
. ]
growing
ADVANTAGE
The Almond Conference

Paul Ullrich CCWAS: Lecture 03 October 7, 2013



Percent of Water Year Runoff

Sacramento River Runoff
April - July Runoff as Percent of Water Year Runoff
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Source: DWR, 2008


http://www.oehha.ca.gov/multimedia/epic/pdf/ClimateChangeIndicatorsApril2009.pdf
http://www.oehha.ca.gov/multimedia/epic/pdf/ClimateChangeIndicatorsApril2009.pdf

normed annual PRISM precipitation

(5-yr cntd mean) (ft/ft)
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Sacramento sub-basin WY-annual precipitation estimates WY 1922-2003

(normalized to WY 1922-2003 mean precipitation)
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The CA Water Quantity Problem

« 8 Jargest economy in the world.

* Produces 50% of nation’s fruits & vegetables
w/ irrigation.

 Depends on snow-storage and historically
well-timed snow-melt to satisfy demand.

e This system cannot function properly as the
snow pack diminishes due to warming.



The Major Stores of Water....
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Available Central Valley Groundwater
Storage Volume

e 10 to 50x10° ac-ft

 CA's 4 largest reservoirs = 13x10° ac-ft
(Shasta, Oroville, Trinity, New Melones)



Two Bank Accounts

When Account A is depleted,
uncontrolled withdrawals from
Account B occur

Surface Water Groundwater
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The Major Stores of Water....
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Groundwater and Surface Water

\\‘\\\.\."”
AN ‘a

Evapotranspiration

N\

Phreatophytes P Municipal/

_Industrial
- Supply

From CA Water Plan 2014
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We apply three perspectives to

every project.

INFORMATION

Connected water
esources science &
management

INFRASTRUCTURE

INSTITUTIONS

Current program foci:

Headwater
Management
Groundwater
Management
Water-Energy Nexus
Intelligent Water
System

UNIVERSITY
OF
CALIFORNIA

12/14/2015
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Integrating water-resources data & information systems

Existing
data .
User interfaces
Sensor Core data Custom Modeled data
networ N } T data [ ‘ o :
ks 3 _ Point | i : ‘ ] 3 ]
| data, : ‘ | 1 1
Well . time !} : ﬁ 1
monitorin | ' series : ‘
g . N\ 1 : 1 1
: ; Landscape ‘ ; } ! Groundwate }
Aircraft | dat | raquifer
: : | water ;
1 ! : | balance !
Satellite : } : : :
: Soati ' Interpolate ! ! . decision
3 > s ; de | | | |
Market, data blen.ch; Basin-scale
demand & | ! ' time \ - spatial data . & water i !
1 ; i Value- Modeling & | . Decision |
energy i i 1 ' 2 " Dbalance [ '
data - aAa/Qc series - . added | ' prediction; | support |

Policy & legal data & constraints:
water rights, diversions, ecosystems

UC Water Security and Sustainability Research Initiative
http://ucwater.org/ Aug 31, 2015



http://ucwater.org/

Winter Fallow Irrigation
(Dr. Helen Dahlke, UCD)
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Sutter Bypass, Sutter Co., 1997 flood
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Climate Change and Groundwater:
Higher Flooding Risks BUT Greater Recharge??

Flooding and Groundwater Levels
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No Floodpiain:
Levee

Girzham E. Fogg, 2009

VERSUS:

Floodplain w/ set-back
levees:

- Gralham E. Fogg, 2009
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Groundwater
Occurrence
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http://nationalatlas.gov/natlas/Natlasstart.asp

San Joaquin Valley Groundwater (from Faunt, 2009)

Coasr Ranges &

Pre-
Development

Subsidence area

Post-

Development
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Sand, silt,
and clay

MIXED- AND SUSPENDED-LOADCHANNEI__ SYSTEM _ .“:
CALVERT BLUFF FORMATION | L growing
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us

ended-load channel

Galloway &
Hobday 1983

suwees QA-2480



Groundwater

Land

o X surface
AR e . —
S B L R i o
. 0 g g N e e ¢ e L et B .
s 2o TS oo H S s g Surface water

. -".i .-,.b:,“'.',oé
* b o 3 s MR AT A T AP it A 1 D
Water (not ground water) held by molecular attraction Gravel

Surrounds surfaces of rock particles

Approximate level of the water table

All openings below water table
full of ground water
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Confined Aquifer Schematic (from Driscoll,
1986)

- Bedrock recharge zone
Potential energy .in confined aquifer /

Well~—s \

.
Glacial| [ft (unconfined aquife
0!14/—‘?—‘

.‘_)

Mol B S P §

.\I

ftﬂ@ mest

Sandstone (confined aquifer

i --.._.\"" — — -—
L — LT
iy — - e

E‘_igure 5.2. Groundwater exists in the underground in two major environplents: unconfined and confined.

Myth: Old (1,000’s of yrs) groundwater is fossil water
that is not replenished enough to support pumging.
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Groundwater Overdraft: Pumping more groundwater

than the system can sustain
Potential conseguences:
* Non-sustainable storage depletion
e Subsidence
e Surface water & ecosystem effects
* Increased energy costs
e Bad water intrusion from aquitards and from depth
e Basin salt imbalance

e Seawater intrusion



Groundwater Overdraft Trends,

Central Valley
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—@— Entire Central Valley

- By region
—m— Sacramento Valley
Delta and Eastside Streams
—e— San Joaquin Basin
—e&— Tulare Basin

I
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T

CHANGE IN GROUNDWATER STORAGE,
IN MILLIONS OF ACRE-FEET

1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002
WATER YEAR

U.S. Department of the Interior
U.S. Geological Survey

The USGS Groundwater Resources Program
funded this study, one of 30 regional aquifer
studies the USGS is conducting to assess the
Nation's groundwater availability. Intense
competition for groundwater resources

in California was an important factor in
choosing the Central Valley as one of the
first studies undertaken and completed.
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Sacramento Valley |
i

Delta and 1\
Eastside Streams

San Joaquin
Basin

t Sheet 2009-3057 o

L July 2009 :
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I Groundwater Overdraft: Pumping more groundwater

than the system can sustain

Potential consequences:
 Non-sustainable storage depletion
e Subsidence
e Surface water & ecosystem effects
* Increased energy costs
e Bad water intrusion from aquitards and from depth
e Basin salt imbalance

e Seawater intrusion
)
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Mining Ground Water SEWMETBIIRYELEY California

1825

Approximate location of
maximum subsidence in the
United States identified by
Joe Poland (pictured)

J./
[

» > |
growing
ADVANTAGE
The Almond Conference



Figure TL-23 Depth to Groundwater Hydrograph and Vertical Land Surface Displacement at
UNAVCO GPS Site 304, near the City of Madera

Groundwater Levels Below Corcoran Clay (Mendota)

110
120
130

140

Depth to Water (feet)

Continuous GPS Site P304

Vertical Displacement (feet)

150
160

170

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 . Q4
L 4

Source: USGS 2011 presentation on Central Valley subsidence. Land surface elevation data from UNAVCO Station 304; depth to water data
provided by Luhdorff and Scalmanini Consulting Engineers
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Subsidence Induced Canal Damage
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http://www.rcac.org/pages/714?i=1002

I Groundwater Overdraft: Pumping more
groundwater than the system can sustain

Potential consequences:

* Non-sustainable storage depletion

Subsidence

Surface water & ecosystem effects

Increased energy costs

Bad water intrusion from aquitards and from depth

Basin salt imbalance

e Seawater intrusion
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From Alley et al. (1999)

Unsonfined aguifer

Figure 13. Effects of pumping from a hypothetical ground-water system that discharges to a stream. (Modified
from Heath, 1983.)
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Rgxe A7 Dshibution of 4 Pre-1900land-use paltemns {modiiied from Calfomia State University, Chico, 2003, B, land-use paltemns The Almond Gonference
in 2000{California Department of Water Resources, 2000) for the Central Valley, California.




I Groundwater Overdraft: Pumping more
groundwater than the system can sustain

Potential consequences:

* Non-sustainable storage depletion

e Subsidence

e Surface water & ecosystem effects

* Increased energy costs

e Bad water intrusion from aquitards and from depth
e Basin salt imbalance

e Seawater intrusion
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Potential for Water Quality Degradation from Below is Clear and
Present, but Unaddressed

Figure 93. The thickness of the Central Valley
aguiter system that is saturated with frestrwater
is greatest in the San Joaguin Valley, where
freshwater extends to a depth of more than
4,000 feet helow land surface.

EXFPLAMATION

Thickness of aquifer
saburmbed with Fresh
ground water, in feet

L)
1,500
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3,500
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fresh groumd sater—
Interval 500 feat

RDOULLE 15 e, i
o = =0 HLER

o IF D KLOHMETEMD

‘Williarnzon, A K., Prodic, [LE., ard Swain, LA, 15689, G oundwater fow inthe Cemral [ ——

Azl 2 laad Sursey dialad

Walley, Califomia: .5, Gedogical Sursey Professioral Papar 1404 -0, 127 p. el i i



Woodland Area Aquifer System Network (Stephen Maples,

HYD 273)

ategory
ottom,

[] sand

growing
ADVANTAGE
The Almond Conference



I Groundwater Overdraft: Pumping more

groundwater than the system can sustain
Potential consequences:
 Non-sustainable storage depletion
e Subsidence
e Surface water & ecosystem effects
* Increased energy costs
e Bad water intrusion from aquitards and from depth
e Basin salt imbalance

e Seawater intrusion
V%
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Figure TL-26 Spring 2010 Gr Hevation C for the Tulare Lake
Hydrologic Region

[This figure is for the Central Valley: it will be updated with figure for the Tulare Lake
Hydrologic Region]

[ Hydrologic region
boundary

Central Valley
grountwater basin

Direction of

£ roundwater fiow
SACRAMENTO b “\J A

RIVER ! 3l o g m)

elevation (feet) sep

SAN-JOAQUIN
& RIVER 1. e
e

San Francisco - o

Gontowr Development: Groundvater slevation contours ustrats
wariatione in tha regonal groundisalor DCCUTEnte and movament
Groundmates alewation conturs ae genarated Lsing measura-
ments taken by he DWW, DWR. Cooperators, and CASGEM
Monitoting Enlities during lhe spring morihs of primarity barch
and Agril of the year snokn. The contours e darivedtrom
monitoring wels Faving adepth and screened interval trat
Iftarsacts tha midde 10 Uppe portions of the local aguter
syetoms, charactenze Unconfined.

Groundwater elevations are relerenced from mean seal leval
wsingthe National Geodalic Verlical Datum 1988 (NGVD §1)

Regional Conditions: Azzuracy of grourdiater cortous an
aifected by anumber of variables, Inckuding the spacing and
cistritution of neartsy moeitoring wells, monitoring wel construc -
tion, changes n squiter condiions, land surface topograghy, and
Interpoiation methods. Groundwater elevation contours lusirate:
restnal coredtions and shoud be considered approximate. Local
groundveater condtions wil vary biased on seasonal or shor tem
changes in gmunchwater demand.

Diata Baps: Areas wifin the groundater basin nal showing
regondl proundieter elevation contours tepresent gags in the
availatilty of groundwater level data neeskr 10 generale regond
Foundveater ocourrente and movement wihin these weas.

— —
Miks 0 E

Source: Depariment of Water Resources, CWP 2013

The danger of
a hydrologic
basin losing its
outlet....
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San Joaquin Valley Groundwater (from Faunt, 2009)

Coasr Ranges &

Pre-
Development

Subsidence area

Post-

Development
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Mono Lake: Closed Basin
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I Groundwater Overdraft: Pumping more
groundwater than the system can sustain

Potential consequences:

* Non-sustainable storage depletion

e Subsidence

e Surface water & ecosystem effects

* Increased energy costs

e Bad water intrusion from aquitards and from depth
e Basin salt imbalance

e Seawater intrusion
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Salt Water Intrusion

I




Groundwater Quality Is
Degrading in Many Systems,
But Most of the Groundwater
Quality is Still Good



Age Distribution & Sustainability:
Groundwater Ages are Highly Mixed!

Water sample

Distribution of Ages

contaminated

Percent of Volume

J
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Year of recharge 1700 Year of Origin 1999 we |
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Historic Nitrate Trends, TLB:
Exceedance Rate

[T Percent of wells above natural background - 7,000

W ~ 6,000

Numberofwellstesti;! 5,000

W ¥ 4,000

ngi A i 3,000

[P 2,000

. - - 1,000
AN TER SN T | "

1945 1955 1965 1975 1985 1995 2005

Year

ADVANTAGE



Outline

e Groundwater fundamentals
— California groundwater occurrence & general background
— Climate change and a new epoch of scarcity

— Overdraft & negative consequences
¢ Non-sustainable storage depletion
Subsidence
Surface water & ecosystem effects
Increased energy costs
Bad water intrusion from aquitards and from depth
Basin salt imbalance
Seawater intrusion

— Sustainable yield
e  Groundwater myths
— Pumping of “fossil water” is non-sustainable
— Groundwater storage depletion always takes a long time to recover
— Groundwater levels tell us how much groundwater storage is changing
— Quality of most groundwater is degraded
— Good quality groundwater today is likely to stay that way
— Potential myth: climate change will decrease groundwater recharge
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