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The High Plains Aquifer
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Percent Change in Aquifer Thickness, Predevelopment to Average 2022-2024,

Kansas High Plains Aquufer
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Major Perennial Streams in Kansas as of 1961

blue line — perennial stream in 1961 and in 2009
dashed red line — perennial in 1961 but not in 2009

Kansas extends 410 miles east-west at its widest point.

after Zipper et al. (2021)



Percent Change in Aquifer Thickness, Predevelopment to Average 2022-2024,
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Percent Change in Aquifer Thickness, Predevelopment to Average 2022-2024,
Kansas High Plains Aquifer
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Annual Water Level Data

~1400 wells measured in the Kansas
High Plains aquifer in 2024

Annual Groundwater Pumping Data

As of 2022, 99+% of the non-domestic
pumping wells in the High Plains aquifer in
Kansas had totalizing flowmeters.



Aquifer Water Balance

Water Volume Change in Aquifer = Inflows — Outflows
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Aquifer Water Balance

Water Volume Change in Aquifer = Net Inflow — Pumping

Net Inflow = Pumping at Stable Water Levels = Q.pic
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Average annual water-level change (ft)
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= Intercept/slope

after Butler et al. (2016)



Average annual water-level change (ft)
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after Butler et al. (2016)



Groundwater Management in Kansas

Lead agency in Kansas — Division of Water Resources (DWR) of the
Kansas Department of Agriculture — Chief Engineer
- consider groundwater and surface water as an integrated whole.

Local input via Groundwater Management Districts



Groundwater-based Water Rights in Kansas
Prior Appropriation Doctrine — first in time, first in right
- cannot Impair more senior users
- 1f so, then....
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Water Rights Administration



Groundwater Management in Kansas

Lead agency in Kansas — Division of Water Resources (DWR) of the
Kansas Department of Agriculture — Chief Engineer
- consider groundwater and surface water as an integrated whole.

Local input via Groundwater Management Districts



Groundwater Conservation Areas

I Western Kansas GMD #1
Equus Beds GMD #2

o 1 Southwest Kansas GMD #3
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Local Enhanced Management Area (LEMA) — 2012

Combination of a grassroots-developed plan with regulatory oversight (binding regulatory order)
— Trust, but verify.



Western Kansas GMD #1
Equus Beds GMD #2
Southwest Kansas GMD #3

0 Northwest Kansas GMD #4
Big Bend GMD 25

Greater GMD4 LEMA
Sheridan-6 LEMA
Four-County GMD1 LEMA

Sheridan-6 LEMA
- 99 mi?
- started Iin 2013
- 20% reduction In
pumping
- five-year periods
- volume of water
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Key Requirements for a Successful
Groundwater Conservation Area:
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1. Groundwater pumping must be reduced.



Annual Groundwater Use (103 ac-ft)
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Sheridan-6 LEMA 199 pumping wells
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Key Requirements for a Successful
Groundwater Conservation Area:
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1. Groundwater pumping must be reduced.
2. \Water-level decline rates must be reduced.



Average Annual Water-level Change (ft)

Sheridan-6 LEMA 7 to 11 wells

=~ 62% reduction in
water-level decline
rate for similar

climatic conditions.
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Key Requirements for a Successful
Groundwater Conservation Area:
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1. Groundwater pumping must be reduced.
2. Water-level decline rates must be reduced.
3. Must be economically viable.



Average annual water-level change (ft)
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199 pumping wells
7 to 11 observation wells
R2=10.92

Need to reduce annual
pumping by 19% to get to
Qstable-

Further pumping reductions
will be needed as Net Inflow,
and thus Qg.pe, Will decrease
with time.

after Butler et al. (2023)



Key Requirements for a Successful
Groundwater Conservation Area:

1 Western Kansas GMD #1
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1. Groundwater pumping must be reduced.
2. Water-level decline rates must be reduced.
3. Must be economically viable.



What is the future of the High Plains aquifer
In western Kansas?




What is the future of the High Plains aquifer
In western Kansas?
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The hour 1s late,



What is the future of the High Plains aquifer

INn western Kansas?
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The hour is late, but all 1s not lost...
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The High Plains Aquifer
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SCIENCE TO SOLUTIO

Charting Paths Forward for a Heavily Stressed Aquifer

JIM BUTLER, KANSAS GEOLOGICAL SURVEY, UNIVERSITY OF KANSA

Addressing the depletion of aquifers that support irrigated agriculture and provide drinking water
for millions global challenge. Like many r onal aquifers, the High Plains aquifer (HPA) in
western Kar is under stress produced by decades of intensive pumping for irrigation. The large
er-level declines pose an existential threat to the viability of irrigated agricultu and the rural
communilies that depend on it. There is only one oplion to reduce that threat in the near-term:
uctions in conjunction with modification of agricultural practices. How much reduction

stion

ndex wells found indications of are nd t i he KGS
database of annual er-level measurements (about 1,400 wells) and annual pumping data (all non
1estic are metered), we found strong linear relationshig veen annual pumping (Q) and
level change (AWL) from the local ional (up to 21,000 km , an indication

eady net inflow likely a common feature across the K HPA. This us to lop a

1ethod to calculate net inflow from a plot of Q versus AWL. If water levels are to be stabilized for

the next one to few decades, s uced to nel inflow (Qstable )

ults fr

Thomas County Index Well

2008-2023
R2=0.89
P <0.0001

required us to move far

beyond papers in peer-reviewed journals.
2 2010 o
® 2016

In the last decade,

in radius) centered on the well. Small value
of pumping in 2018 was produced by a

6 [ May hailstorm that ended irrigation for that
year. Water level measured at the index well.

Annual water-level change, m
o
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commitlees, and many others. V e ¢ 10 15 20 25 30 35 40 45

written for non-technical audiences Annaal Pumplng, 10%m

ranging from the neral public to ¢ vians. As a result, Q s commonly invoked by
agricultural groups and legislators in Kansas and is being wid adopted as the target for
conservation efforts. Although reductions to Qstable will not attain sustainability in most areas, they
will exploit the inertia in unconfined aquifers ater tables to buy lime to de onger

term strategies and thus serve on a path to more promising conditions in the western

HPA

Want to showcase hydrology research making a real-world impact? Nominate yourself or a colleague for an

upcoming nce to Solutions” feature by emailing us at hydro. il.com.

AGU | HYDROLOGY SECTION | MARCH 2025 NEWSLETTER PAGE 05

Email: jbutler@ku.edu



Questions??
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