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Overview

= What Is groundwater?

= How much groundwater is
there?

= How fast does groundwater
move?

s How do we measure
groundwater?

B = \Where does groundwater

™ come from and where
does it go?

s How do Californians use
It?

s Groundwater

management and
groundwater quality




What 1s Groundwater?

= An underground lake?
= A network of underground rivers?

= A rectangular network of pipelike water
arteries?

= A glant sponge?



Groundwater = Water completely
filling Pores/Fractures




Groundwater In Different
Sediments and Rocks

Consolidated sediment Dissolution of rock Rock fractures
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How fast does water flow?
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Darcy's law:
groundwater flow = hydraulic conductivity x pressure gradient



How do we measure
hydraulic conductivity?

Estimate based on sediment type (gravel, sand, silt, clay, fractured rock):
. —well IOgS (geologic logs, geophysical logs)

Measure on sediment/rock COI'€S in laboratory
Estimate from specific capacity of wells:

= ratio of pumping rate to well Water level drawdown

Measure using an aquifer test:

. 1-day to 7-day well PUMPING tests

Estimate from groundwater models:

. => matChing model results to measured water

levels, groundwater flows
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Sediments

=> result of erosion, water, wind,
lake deposition, ocean bay
deposition

fractured bedrock of California’s mountain ranges







Losing
stream




What i1s Groundwater?






















Unconfined Aquifer

Gaining
stream




Water table =

A. Depression spring ;

Dr

; A b
Springs M sinkhole

Springs ©

C. Fault spring

Springs Springs

Fracture zone

E. Joint spring . F. Fracture spring

From: Harter and Rollins, Watersheds, Groundwater, and Drinking Water - A
Practical Guide. University of California Agriculture and Natural Resources
Publication 3497, 2008; http://anrcatalog.ucdavis.edu/ltems/3497.aspx
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(Semi-) Confined Aquifer
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Unconfined aquifer

Semi-confined aquifer

Confined aquifer
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Direction of Groundwater Flow?




Tule Groundwater Basin

Spring 1999, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer
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The Classic Hydrology View

ORIGINS OF RIVER DISCHARGE

Precipitation Precipitarion

Saturation
Owerland
Flow

Hydrograph

From: Jeff Mount “California Rivers and Streams”
storm flow &
interflow

Discharge

base flow

Time
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Cone of Depression near a Well

Septic system B _ Unsaturated

Zone

Water table

(7 -
wone Qi

depression

from: U.S. Geological Survey, ‘Ground Water and the Rural Homeowner’




) Land surface with recharge
Perennial Extraction well from irrigation return or rainfall

stream
Local flow system

Water table

Local flow system

St A

\ Regional flow systems
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Dry Stream
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Reconnecting
Groundwater to
Surface Water:

Role of Aguifer
Heterogeneity.

Fleckenstein et al., Ground Water 2006
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Stream-Aquifer Connection
at the Regional Scale

Gaining Stream

Spring 1999, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer

Losing or Disconnected Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream




Well Near a Stream







Conjunctive Use




Meandering Streams & Paleochannels

(a)

. . Spring-fad marsh Seep/spring
Karstc sprig at head of stream from fissure

Water surface

—

Seepage
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Upwelling

Parafluvial zone (H B

Qutwelling
Paleochannel

Ty,

Lens of coarse sediments

Upwelling groundwater ALLUVIAL AQUIFER

Boulton and Hancock, Austral J Botany, 2006






Losing — Gaining — Flow Through

J N e < = =
Guirling Reach _. Losing Reach Flowsthrough Reach Paralioi-flow Roach

Woessner, Ground Water 2000



Where does groundwater
come from and where
does It eventually go?

- The Hydrologic Cycle -
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Potentiometric surface in Water
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Old saline water/

Marine
deposits

Courtesy, Claudia Fawn, USGS, 2008
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Water Supply
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California’s
Urban Water
Users

Population
(Year 2000).
34 million

Water Use:
8 - 9 MAF

MAF = million acre-feet

Oakland._g
399,484

Fremont
203,413

San Jose 894,943 %

SF Bay Area !
Metro Region §
7,039,362 |

LA
Metro Region 9
16,373,645 AL Sl

Los Angeles 3,694,820—3}

Long Beach 461,522~ A
Huntington Béach 189,594

Santa Ana 337,977

100 miles }\.

San Diego
1,223,400

US Census 2000

Modified from the National Atlas

California’s
Population

With Population of Califorina’s
Largest Cities

Average number of People

Per Square Mile (By County)
Il 250 - 66935 persons
Il 100 - 249
I 50 - 99
[]25-49
[ ]10- 24

[ ]Less than 1
Urban areas are shown in red

Total California (2000)
33,871,653

Total USA (2000)
281,424,602




|
R

— LAND COVER |

Multi-Source Data Compiled |
for Forest and Range 2003 Assessment

CONIFER [ shrub [ Agriculture
1 [ Forest [ 1 Herbaceous 1 Urban
[ woodland [ wetland [ Barren/Other

HARDWOOD DESERT B water
Woodland 1 shrub L1 Mot Mapped
Winodland

Forest

102 MLES

200 KILOMETERS




California | %‘g Total
Water Infra- Gl By [ reservoir
structure Tt storage:
40 MAF
=lglelefigle
the Spatial R it
and Temporal

Disconnect Hoy

-
el - S0 %
cﬂndl-l" REE&I’\QI I~ wi:

between

SUPPLY
and
USE

Coali
2 may
San Anfanio

Ressr\foi?\
l\bcimienruf"#

Resarvair

g Twitchell

Reservoir

+Zachuma
_R_aaemir
Luke"'

State Project Casitas

B Federal Project
B local Project

California Water Plan, Bulletin 160-2005



Groundwater Use In California:
The Invisible Storage Reservolir

Water Use Water Supply

[ Change in storage — MAF
Required Delta Outflow Managed Wetlands (Combined surface &
Instream Flow Imgated Agriculture Federal

Wild & Scenic Rivers Urban ‘ State Recycled! Instream Environmental

. F." SO
| S
-

0

0

groundwater storage)

60 40 40 60
Million Acre-feet Million Acre-feet
Average
Precipitation

DWR California Water Plan 2009 (Bulletin 160-2009)



USE Water (acre-feet) SUPPLY
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Ruud, Harter et al., 2003, 2004
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Irrigation Efficiency




Irrigation Efficiency




roundwater Management and
Groundwater Quality
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Integrated Regional Water
Management Plannin

LEGEND

'Water Bodies
14 Fundin:

— toward Integrated Resource
Management Planning
eGroundwater

eSurface Water

o Air

eSoil quality

eEnergy / Carbon

. ,_ elanduse planning

(Courtesy: Sarge Green, CSU Fresno)
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