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Overview

~ Hydrolo and
G¥oundv?r¥ter

What is Groundwater?

- How fast does groundwater
move?

- Where does groundwater
come from and where does
it go?
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Groundwater Hydrology




What is groundwater?

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

~ A rectangular network of pipelike water
arteries?

~ A giant sponge?



What is groundwater?
Groundwater = Water Completely
filling
Pores/Fractures




Groundwater in Different
Sediments and Rocks




What is groundwater?

Soil moisture

Unsatu rateQ
Zone

Wate'r' table

Zone of saturation



Unsaturated Zone
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saturated Zone

Aquifers: Water
bearing properties; B

this is the "saturated
zone” Fe ) i
~ Confined: Soil or ,.. i okl

rock below the land [ | P

surface that is e
saturated with water. | | =~

There are layers of
Impermeable
material both above




‘Water table

A Depression spring

. Fault spring

Fraciuee rane

E. Jaint spring F. Frascture spring




Bedrock

Uncenfined aquifer

Semi-confined aquifer

i Agquitard

Confined aquifer




Unconfined Aquifer

Losing
stream

. Vadose zone

Réchargé 3

Bedrock
Unconfined aquifer




Unconfined Aquifer

Perched
water table

L Gaining

stream




Other Types of Aquifers

~ Aquiclude: contains water but cannot
transmit it rapidly enough to furnish a
significant supply to a well or spring.

~ Aquitard (“confining unit”): low-
permeability zone that retards, but does not
prevent, the flow of water. It does not readily
yield water for beneficial uses but can serve
as a ground water storage unit.

~ Aquifuge: Contains no geologic openings
and cannot hold, transport water




Aquifers
Comes in All
Shapes and
Sizes

To be a good
aquifer...

1 - good porosity
(space between
grains)

2 - good
permeability
(connection btwn
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Aquifers are interconnected too
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~ Cross contamination concerns
~ Subsurface contaminant transport



Direction of Groundwater Flow?




Tule Groundwater Basin

Spring 1999, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer
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Direction of Groundwater Flow?

Unconfined Aquifer
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fractured bedrock of California’s mountain ranges




Snowmelt

Snowmelt Runoff
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Local & regional Groundwater Flow

Land surface with recharge

Perennial Extraction well from irrigation return or rainfall

stream Local flow system

Water table
Local flow system \ '
B

Intermediate flow systems

' Regional flow systems




Cone of Depression near a well

Septic system Unsaturated
‘ / _ zone
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Snowmelt

Showmelt Runoff
Runoff Rainfall
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Snowmelt

Showmelt Runoff
Runoff Rainfall
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Snowmelt

Showmelt Runoff
Runoff Rainfall
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Groundwater Challenges
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Groundwater
Depletion

http://gis.water.ca.gov/app/ground
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Seawater Intrusion

(a) (b) ‘

Groundwater Level —,

Pumping
Well

Sea Level

— e

—-—

Sea Water Intrusion
Historic Trend

Legend

Cities & Towns
— Streets
—— Highway 1
e Pajaro River
SWI_1951
s SWI_1966
— SWI_1998
4 - SWI_2005
Miles | g=m)PVWMA Boundary




Subsidence

~ What's going on
here?

~ A dropping of the
land surface as a
result of ground
water being
pumped.

~ Cracks and fissures
can appear in the

land. Subsidence
can be an




Solutions: Water Budget

e
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Solutions: Conjunctive Use

Precip  Evap(A) Ppt.efl. ETA | Decision variables: |

~ Coordinated use

of surface water ,_...:
580

and groundwater |

to meet crop

demand

~ Active: artificial
recharge; SW
intentionally
percolated or
Injected into

A 1ifare fAar Intar




Solutions: Management of
Artificial recharge (MAR)

~ Groundwater
management: artificial
recharge to store
excess water +
Improving water
quality
~ Water traps
~ Drainholes
~ Cutwaters
~ Infiltration basins
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SolINs: Other Rechare hds
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~ Water traps:
Increase
infiltration In
streambeds.
The traps are
earthen dams " |

== VESICULAR BASALT
FAACTURED BASALT
MASSIVE IGNEQUS ROCKS

of variable
~ Cutwaters: .

excavations of



“Use the water that you need, but not a drop more”

“Usa el agua que necesites, pero ni una gota mas”

Thanks

samsandoval@ucdavis.edu
http://watermanagement.ucdavis.edu/cooperative-extension/


mailto:samsandoval@ucdavis.edu
http://watermanagement.ucdavis.edu/cooperative-extension/
http://watermanagement.ucdavis.edu/cooperative-extension/







Space and
Time
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Water Supply
and Water
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California groundwater

—120 ~118
Longitude (degrees)




Hydrology

Water Cycle



Hydrology and Hydrologic cycle
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Weather, Climate,

Atmosphere and Climate Change




Weather and Climate

“Climate is what you expect; weather is
what you get” Mark Twain

~ Weather
Actual state of the

atmosphere at a particular

| ph '3 ’ \ . 1
pu—- . R
- f : - ¢ ~.z o il ‘
I j v o k ’
J " ".

s e dian e T ),

~ Climate
Statistical description of
weather over a period of

time, usually a few
decades. Important for long
term decisions

Average Annual Nighttime Temperatures
°F 1 °C
:| 20-30° / [6}-(1)°
' 30-40° / (1) - 4°
g - 40-50° f 4- 10°
. - 50-55° / 10-13°

| l 55-60° [ 13-16°
60-65° f 16-18°

- 65-70° [ 18-21°
- 70-80° / 21-24°

Source: National Climatic Data Center, U.5. Department of Commerce




Atmosphere
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Energy coming from the Sun

Solar constant calculation: A sphete (gray)surounds the Sun with aradius equal t the Earth's orit (dashed
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Greenhouse gas effect

~ Greenhouse effect <L
The heating of the Earth’s
surface by the atmosphere.

In other words, the
atmosphere warms the
surface by making it harder

Igrsthaecséurface to lose energy Babl,\é Blanket
pace. ffect
No Atmosphere —
@Wlth Atmosphere
Sun I T
238
— ~
238 238 :é%  Schematic of energy flow on a planet with a one-layer atmosphere. The atmosphere i represented by a single
v ;;fé layer that is transparent to visible photons but absorbs all infrared photons that fall on it. The arrows show

qlobal average energy flows with values in W/m?.

T=255 K
Earth Surface Earth Surface




Greenhouse gas effect

Radiacion solar
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Global energy Balance
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Atmosphere

Exosphere
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Where GHG come from?

~ GHG absorb “energy” (infrared
photons) to keep the earth
warm(responsible for GHG effect)

~ Water Vapor
Natural: Evaporation from the oceans and is

removed through rainfall, humans, animals
bacteria and plants (respiration).

Human induced: Through reservoir
evaporation,

~ C02 (Carbon Dioxide)

Natural: Humans, animals bacteria and
plants (respiration).

Human induced: Fossil fuel combustion
release to the atmosphere carbon dioxide the
that was sequestrated in rocks for hundreds
of million of year. Long residence 100K years



Where GHG come from?

~ CH4 (Methane)

Natural: wetlands, termites, emissions from
the oceans, geological sources.

Human induced: Rising livestock (cattle,
%oars and sheep), rice paddies _(Ibacterla in
e soil produce methane), landfills,
petrochemical industry, burning of forest and
other biomass. Long residence, Decades

~ N20 (Nitrous Oxide)
Natural: Produced durin_cf:; thunderstorms, is
caused by splitting of Nitrogen Molecules

Human induced: Industrial sources
(Agriculture fertilization), fossil fue
combustion (oil and coal)
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Nitrous Oxide (ppb)
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So ...
what do you think is happening if
the GHG concentration in the
Atmosphere is increasing ?



Temperatur
e

Sea level

Snow cover

IPCC (2007). “Climate Change 2007: Synthesis Report”
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Continental temperature Change

Temnperaturs anomaly [*C) |
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Climate Change ...

~ Climate change

Any systematic change in the long term
statistics of climate elements (temperature,
pressure, winds) sustained over several
decades longer.

Compare the climate for one period against
another, and if the statistics have change,
then the climate has changed

~ Anomaly

The difference between a climate statistic and a
reference value

Why? Absolute values variy sharply, but changes

across space are constant over a much longer
distance

Anomaly = Time Series — Reference

\/Aali i1




Climate change in Napa?
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Oakville
Station (North)

Precipitation

Carneros Station
(West Airport)
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Oakuville
Station (North)
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Thanks

“Use the water that you need, but not a drop more”

“Usa el agua que necesites, pero ni una gota mas”
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