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Outline

s Groundwater: how does it work
» Wells: the magic tap

s Aquifer Testing (as opposed to well
testing)

s Groundwater Modeling




What is Groundwater?

Poorly sorted sediment Porous sediment

Consolidated sediment Dissolution of rock Rock fractures
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What is Groundwater?
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What is Groundwater?

Classification Particle size (inch)

very fine san¢
il
clay
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California Groundwater
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Unconfined Aquifer
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Confined Aquifer

Bedrock

Semi-confined aquifer

\ Aquitard
N~ i
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Confined aquifer




Springs

Water table =

A. Depression spring

Springs

C. Fault spring

Springs

E. Joint spring

Sandstone

B. Contact spring

Dr

Y
’ﬁ sinkhole

Springs ﬁ’

F. Fracture spring
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Gaining Stream
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How Much Water is in the Ground?

Peat

Sandstone

Clay

Silt

Sand, fine

Sand, coarse

Gravel, fine

Gravel, coarse

60

Porosity and specific yield of selected materials (%)
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Specific Yield - Unconfined Aquifer

Pumping well

Unconfined aquifer

Specificyield: 1% - 40%
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Storage Coefficient -confined aquifer

Pumping well

Clay (aquitard)

Confined aquifer
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How fast does water flow?

A

7 water-level
fa%e drop
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How fast does water flow?

7 water-level
fa%e drop
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How fast does water flow?

water-level
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Darcy's law:
groundwater flow = hydraulic conductivity x pressure gradient
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Drawdown (f)
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Direction of Groundwater Flow

Legend

GROUNDWATER ELEVATION
TARGETS (meters msl)

—— MODEL BOUNDARY
AVERAGE 2000 GROUNDWATER ELEVATION (meters msl)

. High : 249.9

Low : -14.9658
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Local & Regional Groundwater Flow

Land surface with recharge
Extraction well from irrigation return or rainfall

stream Local flow system
il

Water table > '
%L adin >

Perennial

Local flow system

y 1y

Regional flow systems
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How do we measure
hydraulic conductivity?

Estimate based on sediment type (gravel,
sand, silt, clay, fractured rock)

Measure on sediment/rock cores in
laboratory

Estimate from specific capacity of wells
Measure using an aquifer test
Estimate from groundwater models
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A Groundwater Well

Access tube for water reading Pump motor housing

Gravel feed tube Conductor casing

Grout seal
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Well Testing:
Specific Capacity of a Well

Specific capacity of a well =
Rate of pumping per foot of drawdown.
(measured as gpm/ft)

well test usually done by pumping
for 1 hr - 24 hrs

© Thomas Harter, University of California, Davis, 2008




Well Testing for Specific Capacity

very low: 1 gpm/ft; very high: 100 gpm/ft
decreases with time during pumping test
decreases with increased pumping rate
decreases with lower water level in a well

larger in a properly designed and developed
well

affected by land subsidence

approximately proportional to hydraulic
conductivity
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Hydraulic Conductivity in Sac Valley

estimated from specific
capacity of wells indicated

LEGEND

HYDRAULIC CONDUCTIVITY DATAPOINT

MODEL BOUNDARY
HYDRAULIC CONDUCTIVITY (feet/day)
Bl <01
[ 0.1 TO 10
[]10T0O50
[1s50T0 100
[_1 100 TO 200
[[] 200 TO 300
[ 300 TO 400
I 400 TO 450
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Aquifer Test

s Determine aquifer hydraulic properties
= hydraulic conductivity, K, or transmissivity, T
= specific yield, Sy, or storage coefficient, S
» leakage through confining units

s Based on matching real world data to the
solution of the groundwater flow equation

s The groundwater flow equation is based on
two physical principles:
= mass balance: change in volume = inflow -outflow
» Darcy's law: g = Kii
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Aquifer Test: How it is done

DISCHARGING
WELL

0B85

e

UNSATURATED
CVERBURDEN

Pump Test

AQUIFER

Aquifer test
usually by
pumping a well
72 hrs - 7 days;
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Observe nearby
wells also.
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Aquifer Test: Getting Results

Pump Test Data

MATCH

Well Function

hO - h (feet)
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Aquifer Test: Getting Results

Well Function

Pump Test Data
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Aquifer Test:
A simple procedure

PLOT ON
SEMI-LOG PAPER

Pump Test Data

T 11r111|[ T TTI1T11r T TT1TTTT'| T T I TTEIT

- hifeet)

0

Drawdown: h

1 1
100 150
t {minutes)

As

Drawdown

2.3Q
per log cycle

& AwAs

PRUEE S TR T N SRS T N0 A T A0 N A A RN A AU A A A

1 JJI.JJJII 1 Ll 1 111 L Ll i 111l 'l Ll 1 L LLL

0.1 t 1 10 100 1000

Tirne since purnping began

© Thomas Harter, University of California, Davis, 2008



Aquifer Tests:
many “Type Curves” to choose from

Obs. WWells
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Anuifer Model
Unconfined

salution
Meuman

Farameters

T =1.112E+4 galiday/t
S =0.01126

Sy = 0.3665

i =0.1371

—
E
e
o
L1 k]
=
L1+
L]
o
= B
i

(i

10° 10" 10" 10

© Thomas Harter, University of California, Davis, 2008



Multistep Test

» multistep pump test
w/ continuous water
level monitoring

comparison to
drawdown in nearby
wells (of limited
value)

pump for 1 hour: if
water level recovers
by 90% within 5
minutes => worst case,
unacceptable well
losses
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Computer model (physics)
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Conceptual model (expert opinion)
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Water Budget (Tulare County)

Surface water Precipitation

delivery 414 Crop water use
for irrigation 1030
5(?0 Pumping for Pumping for
irrig??on municipal use

o
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Water Budget (Westside SJV)

Surface water
delivery Crop water use Bare soil
for irrigation 599 evaporation
741 Deep pumping Shallow pumping 44

for irrigation for irrigation
101 23

Qutflow to east
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Elements of an Integrated

Water Model

Atmosphere

Native &
Riparian

Groundwater
Flow System

Wi

Storage
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Water Budget, Central Valley

1931 - 1935 Average Flows, in Million Acre-Feet per Year [Million Acre-Feet per Year]

Atmosphere
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Example of
a Sac
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Making sure the model works

Well 26N03WOBNO01
Simulated Groundwater Elevation

) Measured Groundwater Elevation
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EXPLANATION

Some Useful
Model Results

COUTteSy, CIaUdia Fawn; USGS, 2008 © Thomas Harter, University of California, Davis, 2008




Conclusion

Groundwater flow = hydraulic conductivity x
pressure gradient

Aquifer tests: measure hydraulic conductivity

Water level data: measure pressure gradients
across region

Groundwater models: put everything together we
know about the groundwater system (including
aquifer test data)

Compare groundwater models to measured water
levels => it ok, use for:

s Prediction

= Scenario analysis

» Identifying additional data needs
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Additional Slides
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EXPLANATION
Sedimentary and Volcanic Rocks

MNonmarine Marine Voleanic
sedimentary sedimentary rocks
rocks rocks

Great Valley Froncis mphex
Sequence, marine  including coastal belt racks
sedimentary rocks [ early Tertiary in par)

Meta—sedimentary and meta—velcanc rocks
predating granitic intrusions

Meta—sedimentary and melo—volcanic rocks;
includes some Triassic rocks in Klomath Mountains;
some Precambrion rocks in Great Basin

t
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Paleozoic

Metamorphic rocks
‘of unknewn age

Intrusive igneous
Rocks

Granitic rocks

Chiafly
Mesozaic

———

Uhtramalic rocks

Geological
boundary
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Direction of Groundwater

Kaweah Groundwater Basin

Spring 2003, Lines of Equal Elevation of
Water in Wells, Unconfined Aquifer

Scale of Miles
oz 4 & &

Contours are dashed where inferred. Contour interval is 10 and 20 fest.
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Computer Groundwater Model
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Groundwater Model
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Computer Groundwater Model
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Computer Groundwater Model

© Thomas Harter, University of California, Davis, 2008




Computer Groundwater Model
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Computer Groundwater Model
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