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1991-2020 Normal Precipitation and Climate Zones
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Semiarid Humid

• Significant east-west tend
• Semiarid vs Humid
• 100 meridian (line of longitude) is 

roughly the start of the “west”
• Major influence on how water is used

Source- Kansas State University Weather Data Library

Presenter Notes
Presentation Notes
Average Annual Precipitation in Kansas: Annual precipitation decreases significantly (around 60%) from eastern Kansas, where it is highest in the far southeast, to western Kansas, where it is lowest in the far southwest.  The western third of Kansas lies within a semiarid climatic zone and transitions to a more humid climate in the eastern side of the state. 



Average Water Use in Kansas, 2014 to 2023
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Source of SupplyUse Made of Water



The High Plains Aquifer

Great Bend Prairie

Ogallala 
Equus Beds
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Presenter Notes
Presentation Notes
Kansas is one of the eight High Plains Aquifer states with the High Plains Aquifer being the primary groundwater source in western and west central Kansas.The Kansas HPA comprised of three aquifer systems, the Ogallala, Great Bend Prairie and Equus Beds.The Great Bend Prairie and Equus Beds aquifers are generally closer to the land surface (not as deep) and are more responsive to recharge.  They are managed as sustainable systems.  The Ogallala is generally deeper and with less annual precipitation, has little natural recharge



Water Right Development in Kansas
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• Water Rights
◦ Authorized Annual 

Permits/Certificates
◦ Historic Reported Water Usage
◦ Over 95% of the wells in the Kansas 

High Plains aquifer have flow meters 
installed

• Most of the High Plains aquifer region was 
developed by the early 1980s

• Last 10 years:
◦ 87% of Kansas water use originates 

from groundwater
◦ 89% of the groundwater used is for 

irrigation
◦ 85% of the groundwater irrigation use 

occurred over the High Plains aquifer

Presenter Notes
Presentation Notes
The KDA-DWR is charged with administrating the Kansas Water Appropriation Act which requires non-domestic uses of water to obtain a water right / permit.  The map shows groundwater-based water rights in red with surface water-based rights in  blue.  Data on water rights can be obtained online through the WIMAS website at http://hercules.kgs.ku.edu/geohydro/wimas/index.cfm. Kansas is unique compared to other western states in that water right holders are required to submit annual water use reports.  In the HPA, over 95% of the water right wells have totalized flowmeters installed.



Groundwater Management Districts
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Measuring Wells in Kansas

Kansas Geological Survey

• Wells depth-to-water measurements

• Data from GMDs 2 and 5, KDA-DWR, USGS, 
and the KGS 

• Cooperative Water Level Network
◦ Focused on High Plains aquifer
◦ Annual measurements by the KGS 

and KDA-DWR
◦ Regional aquifer characterizations

Presenter Notes
Presentation Notes
Measured depth to groundwater can be obtained online from the KGS WIZARD database at http://www.kgs.ku.edu/Magellan/WaterLevels/index.html.  WIZARD contains data collected from a local, state, and federal agency with the black dots indicating wells measured at some point over the last 20 year.  The red stars represent wells included in the Kansas Cooperative Water-Level Measurement Network where each winter, the KGS and KDA-DWR measure roughly 1400 wells to assess regional trends and conditions in the High Plains aquifer region.



Kansas Index Well Program
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• First installed in 2007 through the Kansas Water Plan Fund

• Continuous, real-time water-level recordings

• Characterizations at the local scale

Presenter Notes
Presentation Notes
To help answer that question, the Kansas Index Well Program has provided great insight into how the aquifer behaves throughout the year.  Initiated in 2007, Index Wells are continuous, real-time monitored wells shown with various point symbols on the map.  Water-level responses for the majority of index wells to date indicate consistent aquifer behaviors regardless of past climatic or pumping conditions.  This finding suggested a simple water balance approach could used to determine what percentage change in pumping would be needed to achieve stabilized water levels on the short-terms (10 to 20 years).



Kansas Index Well Program
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• First installed in 2007 through the Kansas Water Plan Fund

• Continuous, real-time water-level recordings

• Characterizations at the local scale

Presenter Notes
Presentation Notes
To help answer that question, the Kansas Index Well Program has provided great insight into how the aquifer behaves throughout the year.  Initiated in 2007, Index Wells are continuous, real-time monitored wells shown with various point symbols on the map.  Water-level responses for the majority of index wells to date indicate consistent aquifer behaviors regardless of past climatic or pumping conditions.  This finding suggested a simple water balance approach could used to determine what percentage change in pumping would be needed to achieve stabilized water levels on the short-terms (10 to 20 years).



Depth to Water, Kansas High Plains Aquifer
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Depth to water ranges from:

• At or near the land surface

• Over 400 ft (Haskell County)



Water Table Elevation, Kansas High Plains Aquifer
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• Generally follows land surface

• Flow paths are generally west to 
east with some local variations

• Non-pumping, linear flow velocities 
◦ Range from 1 ft per 1 to 4 days
◦ Years to decades to go a mile



Percent Change from Predevelopment to Present

Kansas Geological Survey

• Western 1/3 of Kansas
◦ Ogallala portion of High Plains 

aquifer
◦ Relatively deeper, semi-arid 

climate, lower recharge rates
◦ Typically experiences 

groundwater declines

• South-central Kansas
◦ Great Bend Prairie and Equus 

Beds regional aquifers
◦ Closer to land surface, more 

responsive to recharge events
◦ Localized declines
◦ Challenges with stream-aquifer 

interactions and water quality



Aquifer Thickness, Kansas High Plains Aquifer
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• Ranges from 0 to 500 ft (Seward 
County).

• Variability driven by bedrock 
surface.



Water-Level Change vs Reported Water Use
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Water-Level Change Groundwater Use

How far out of whack are we?

Presenter Notes
Presentation Notes
The map on the left is an animation of water level changes across the HPA region.  Groundwater declines are more prevalent in Ogallala portion of the HPA where annual pumping typically exceeds natural recharge rates.  Rainfall, especially over the growing season from April to September, greatly effects groundwater pumping, which in turn, has the greatest influence on decline rates in the Ogallala.  The map on the right shows the density of average reported groundwater usage over the HPA.  Areas of high water use often correspond to areas of greater groundwater declines.  The question is- how far out of proportion is water use versus water declines (e.g., “whack”)?



Kansas Index Well- Recovery Curves
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Over the last decade, end-of-season 
recovery is similar regardless of past 

pumping or climatic conditions
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Index Wells Recovery Curves, Scott County
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• Water level change starting at the end-of-
season pumping (September to 
April~June)

• Recovery is similar each year

• “Net Inflow”
Everything flowing in and out of the 
aquifer except pumping



Status of the High Plains Aquifer in Kansas
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KGS Technical Series 25- https://kgs.ku.edu/2023-status-high-plains-aquifer-kansas



Reductions in Reported Water Use, by GMD, Needed to Stabilize 
Water Levels
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18%

32%)

25%
1.6%

0.7%

• Based on average conditions from 2005 
to 2022 (GMD1 2009 to 2022).

• Averages are made up of extremes.

• Relationships should hold for the next 
decade or two.

• Will need to be re-evaluated over time.

• “Reduce water use” is easy to say, 
harder to put into practice.
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Local Enhanced Management Areas (LEMA)
Provisions of a LEMA
• Locally generated plan within a GMD
• State says “Yes” or “No”
• Plan has a set lifetime (~ 5 years)
• Typically provide added flexibilities in water 

use in exchange for use reductions
Active LEMAs
• Sheridan 6
• Greater GMD4
• Wichita County
• GMD1 Four County
Areas Under Discussion
• Northern Kearny-Finney Counties
• Rattlesnake Creek
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Water Conservation Areas (WCA)
Provisions of a Water Conservation Area
• Does NOT have to be generated plan 

within a GMD
• Individual agreement between water 

user(s) and the KDA-DWR
• Individual LEMA

◦ Greater flexibility
◦ Less red tape
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Water Use vs Water-Level Change
Sheridan 6 LEMAWichita County LEMA/WCA
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Water Use vs Water-Level Change
Sheridan 6 LEMAWichita County LEMA/WCA
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Water Use vs Precipitation

• Pre- and post-LEMA, water usage is influenced by precipitation.

• Post- LEMA water savings is intentional conservation.

Sheridan 6 LEMAWichita County LEMA/WCA



Conclusions and Observations

• Kansas Water Use is highly influenced by climate and water supply
◦ Significant precipitation gradient west to east.

◦ Surface water in the east, groundwater in the west.

• Water-level change versus water usage relationships
◦ Modest reductions in pumping, 10 to 15%, will reduce decline rates.

◦ Benefits to water conservation efforts stay local.

◦ Conditions will likely hold for the next decade or two but will need to be revisited, 
especially with prolonged wet or dry conditions.

◦ Even with reductions on the short-term, long-term sustainability in the Ogallala 
will still be challenging



Questions????

Visit our site at 
http://www.kgs.ku.edu

Kansas Geological Survey
1930 Constant Ave

Lawrence, KS 66047
785-864-2118

Presenter Notes
Presentation Notes
Thank You!
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