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Outline

*The High Plains aquifer

*Not all aquifers look like the High Plains
*Groundwater storage is just part of the story
* Hydrologic vs human timescales

* Drought-proofing groundwater
*Groundwater visibility
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Principal Aquifers by Water Withdrawals

_ Central Valley aquifer system
_ Mississippi River Valley alluvial aquifer
_ Basin and Range basin-fill aquifers
_ Floridan aquifer system
_ Glacial sand and gravel aquifers
California Coastal Basin aquifers
_ Snake River Plain basaltic-rock aquifers
_ Coastal lowlands aquifer system
_ Alluvial aquifers
- Other

- Rio Grande aquifer system
- Northern Atlantic Coastal Plain aquifer system

- Mississippi embayment aquifer system
Columbia Plateau basaltic-rock aquifers

- Cambrian-Ordovician aquifer system
Pacific Northwest basin-fill aquifers

- Southeastern Coastal Plain aquifer system

- Biscayne aquifer

- Edwards-Trinity aquifer system
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WITHDRAWALS, IN MILLION GALLONS PER DAY

Maupin and Barber (2005)

N G W‘ 5:
The Groundwater



m“‘*w'*h-—-_..
S
Water table7\ M,w\...

Base of aquifer._

ABOVE SEA LEVEL

|_
Ll
Ll
™
A
L
0
)
=
5
<

h. Hydrograph for well number 374406101221501
In Grant County, Kansas

NGWA




B =, Water-Level Change,
RS aRrcaaaN Predevelopment to 2013

o~
-

o W -
‘ dg;ﬁk OK V.L. McGuire (2014)

1% exeLanamon
A Water-level change,

in feet

Declines

More than 150

100 to 150

50 to 100

2510 50

10to 25

5t010

No substantial change
-5to 45

Rises
5t010

10to 25 =
2510 50
B More than 50
er

Area of little or
no saturated thickness




High Plains Aquifer—Bathtub or Egg Carton?




High Plains Aquifer—Bathtub or Egg Carton?
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Alley and Schefter, 1987, Water Resources Research 23(7):1123-1130
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Mississippi Embayment

Location and

stylized three-

dimensional view

of the Mississippi ~ The U.S. Geological Survey

embaynfent study (USGS) 1s conducting large-scale
4 area. multidisciplinary regional studies of

‘ groundwater availability for the Nation.
Studies comprise individual assessments
of regional groundwater-flow systems that
encompass varied terrains‘and document a
. comprehensive regional and national perspec-
tive of groundwater resources. Collectively,
N these studies are the foundation for the national
mately 78,000 square miles in eight | N assessment of groundwater availability and are
Stated and includes large parts of \ I conducted in cooperation with other Federal, State,
Arkansas, Louisiana, Mississippi, and | 5" " local governments, and the private sector. Numerical
Tennessee, and smaller areas of Ala- - groundwater-flow models are used in these studies to
bama, Illinoss, Kentucky, and Missounn document effects of human activities and climate vari- .
(fig. 1). The Mississippi embaymentis |~ ability on groundwater levels, changes in aquifer stor- , N G W A
essentially a basin that slopes toward the age, and flow between groundwater and surface-water

USGS Fact Sheet 2011-3115 %
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| | |
Whithdrawal from
EXPLANATION storage

Total of all hydrogeologic units in the Missizsippi embayment
Missiszippi River Valley alluvial aguifer

Upper Claiborne agquifer

Middle Claiborne aquifer

Winona-Tallahatta aguifer

Lower Claiborne aquifer

Middle and lower Wilcox aquifers
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Columbia Plateau
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Primer for Identifying Cold-Water Refuges to Protect and Restore Thermal Diversity in Riverine Landscapes

Figure 2.4.1.2. Rainbow trout in Joseph Creek in northeastern Oregon exhibit size hierarchy in occupying a cold-water
refuge, with the largest individual in the coldest thermal zone (see Ebersole and others, 2001). When the availability and
size of cold-water areas is limited, fish may elect habitats that are less desirable for growth and disease resistance (i.e.,
through crowding) in order to minimize deleterious physiological effects of high water temperature. Photograph taken by
J. Ebersole in 1994. 77

Torgersen, C.E., Ebersole, J.L., Keenan, D.M., 2012, Primer for Identifying Cold-Water Refuges N GWA
to Protect and Restore Thermal Diversity in Riverine Landscapes: EPA 910-C-12-001 The Groundwater
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Basic Considerations in Assessing
Groundwater Depletion

* Groundwater as a three dimensional system
* Analyses at multiple spatial scales

* Multiple cones of depression often are juxtaposed with
areas of little or no storage depletion

* Different response of unconfined vs confined aquifers
e Complexities of irrigated agricultural systems

* Legal and regulatory constraints

e Effects on environmental flows

* Availability of infrastructure and alternate water
sources




How Important is Knowing Total
Groundwater Storage Volume?

WATER IN STORAGE IN THE HIGH PLAINS AQUIFER,
PREDEVELOPMENT AND 2001

Predevelopment
BN 2001
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Depletion of a small part of the total volume of groundwater
can have large effects on surface water, water quality, or
subsidence which become limiting factors to development

Upper San Pedro Basin,

e @8 % Republican River Basin,

Edwards Aqwfer TX %



Water table

Stream

Height of water table
above stream bottom

NOT TO SCALE

Ground-water system

Thickness
below
stream
bottom
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Key Information for Critical Issues

« SW/IGW—Gradients, Saturated thickness
e _Land Subsidence—Water levels
« Water Quality—Flow systems

* Pumping Costs—Depth to water, Saturated

thickness




Water Use: The Most Important
Information We Don’t Know

Photo: Claudia Faunt, USGS NGWA
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Human vs Hydrologic Time Scales

Human government
. term
time scale

Hydrologic
time scale

atmosphere 9 soil water
lakes @ groundwater

wetlands

Gleeson et al. (2012)




Sources of Water to Pumping Well

Recharge Discharge
Ground-water system

Pumpage

Increase in Decrease in

recharge Removal of water discharge

stored in the system
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Storage Depletion vs Capture Over Time

Water from streamflow capture

Water from storage
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Storage Depletion vs Capture by Aquifer
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Northern Atlanti

alifornia
Central Valley Coastal Plain

EXPLANATION

Increased recharge Decreased discharge

[T Induced recharge —

Decreased storage

W77 infilteation of irrigation -
water

5?0 MILES

Southern
High Plains

South ern
Gulf Coastal Plain Coastal Plain

Alley and others, 2002; Data from Johnston, 1997 NGWA
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25 KILOMETERS

Base from U.S. Gaological Survay digital data,
1:100,000, 1980, Lambert Conformal Conic projection
Standard parallels 2930' and 4530', Central meridian—11130"

Streamflow Capture: Arizona

e Santa Fe
o Albuquerque
Active model
area
NEW MEXICO

‘o Phoenix

:ARIZONA

EXPLANATION

Boundary of active model area
esssssss Perennial stream reach
——---—— |ntermittent stream

©  Existing well used in scenarios
to compute streamflow depletion

Leake, Hoffmann, and Dickinson, 2005

STREAMFLOW CAPTURE, IN CUBIC FEET PER SECOND

withdrawals

simulation

Lower Chevelon Creek
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Nitrate Concentration in Groundwater

70
60
50 |
40
30|

Nitrogen fertilizer
millions of tons

20

—
—
o)
S
c
O
-—
(T
S
el
| =
b
(&)
=
O
(&
b
el
(1"
| -
b —
=

10

0 . I
1930 1940 1950 1960 1970 1980 1990 2000 2010

Dubrovsky et al. (2010)




]
S—
(@]
e
c
S
i
(1]
| .
R
c
D
(&
c
o
(&
D
il
(T
| -
y —
=

70
60

50 |

40

30

20
10
0

Nitrate Concentration in Groundwater

e Shallow land use wells
- e Deep major aquifer wells

...
°o® o,
o ®

P T

Yy, S

e |
o N A

Nitrogen fertilizer

1930 1940 1950 1960 1970 1980 1990 2000 2010

Dubrovsky et al. (2010)

millions of tons




Resilience

« Capacity of a groundwater (or water-resources)
system to withstand either short-term ‘shocks’ (e.g.,
drought) or longer term change (e.g., climate
change).

--Need to define timeframe
--Applies to both water quantity and quality
-- May be an important part of GW sustainability




How resilient is groundwater?

Variable
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Drought-proofing Groundwater

* Analyze GW systems for their resilience and vulnerability to
climate perturbations rather than just assuming groundwater is
a convenient backup supply

* Raise awareness about maintaining groundwater as a reserve
--Monitoring water use and water levels
--Potential for managed aquifer recharge

* Work toward laws, regulations, and incentives that encourage
use of surface water during wet periods and prepare for
increased groundwater use during droughts

(Alley, “Drought-Proofing Groundwater,” Groundwater, May-June 2016)
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NGWA/AWRA
Groundwater Visibility Initiative

* Improving groundwater “visibility”:
e Connections to surface water
* Climate variability and change
* Policies for agriculture, land use, energy, etc.
* Importance of monitoring groundwater status and trends

* Transparency of groundwater information and
management

* Workshop April 2016; continuing outreach

http://www.ngwa.org/Media-Center/news/Pages/The-
Groundwater-Visibility-Initiative-Report.aspx
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