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Presenter Notes
Presentation Notes
The Kansas Geological Survey is a state agency that is housed within a university.  The KGS is a research and service division under the University of Kansas, works with other agencies, responses to the Kansas Legislature, and Governor's office.




KGS work is integral in 3 out of 4 resource management steps
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Measurement

Analysis & Assessment

Planning

Decisions & 
Implementation

Presenter Notes
Presentation Notes
The KGS has no regulatory authority and works in the areas of data collection and measurements, analysis and assessments of that information, assists in the planning of future conditions so that decision makers can have the data, tools, and sound-sciences needed to do their jobs.




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 Reported Use Made of Water, 2012 to 2021
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• Eastern Kansas typically 
municipal and industrial 
uses

• Irrigation dominates 
western and south-central 
Kansas

• Stockwater uses, although 
smaller, are found in 
greater concentrations in 
southwest Kansas

• Driven by precipitation, 
climate, and water 
availability

Presenter Notes
Presentation Notes
Average reported water use, 2012 to 2021, by county. Water right allocations represent how much water and for what purpose can be diverted each year.  In general, municipal and industrial uses are more prevalent in eastern and south-central Kansas while irrigation dominates in western Kansas.  Much of this is influenced by the precipitation patterns and available water sources. 




Average Ratio of Authorized Use by Source of Water Supply
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• Eastern Kansas typically 
surface water

• Western and south-
central Kansas typically
groundwater

Presenter Notes
Presentation Notes
Proportion of Allocations by Water Source and County.  In general, surface water is the primary source in eastern Kansas (blue) and groundwater in western Kansas (red).  The gray shaded area in western and south-central Kansas is the High Plains (HPA) aquifer.  The HPA is the primary water source for virtually all uses in this area. 




Aquifers in Kansas
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• Major and minor 
aquifer systems in the 
state

• Each system is unique 
in composition and 
water accessibility, 
availability, and quality

Presenter Notes
Presentation Notes
Map showing the major and minor aquifer in Kansas.  Each system is unique in terms of its properties and water availability.




Aquifers in Kansas and Groundwater-Based Water Rights

Kansas Geological Survey

• Groundwater-based 
water right 
development

• Typically represents 
larger capacity wells 
and does not include 
domestic uses

• Good indicator of 
where usable water is 
and is not

Presenter Notes
Presentation Notes
The Division of Water Resources of the Kansas Department of Agriculture (KDA-DWR) is charged with administrating the Kansas Water Appropriation Act which requires non-domestic users of water to obtain a water right/permit.  The map shows groundwater-based water rights in black.  This figure reveals the major aquifers of the state – i.e. those in which relatively high-capacity wells are located. However, the distribution of small capacity domestic wells is much broader.




The High Plains Aquifer
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Presenter Notes
Presentation Notes
The HP aquifer covers eight states in the continental United States running from South Dakota to Texas.  The HPA is the single greatest ground-water resource in Kansas. Often the HP aquifer is called an “underground reservoir”.  This implies a person with the proper scuba equipment and access can go swimming underground.  This is hardly the case.  Water in an aquifer is stored within the pore space between geologic layers as shown by the exaggerated illustration.




The High Plains Aquifer in Kansas
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Great Bend Prairie

Ogallala Equus Beds

Presenter Notes
Presentation Notes
In Kansas, The High Plains Aquifer is made up of several smaller sub-regional aquifer- the Ogallala, Great Bend Prairie and Equus Beds.  On a national scale, many people and publications will refer to the HP aquifer as the Ogallala.  In Kansas, we make a distinction.  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 usage is highly 
regulated

• Much of the water 
development in the High 
Plains aquifer was in 
place by the 1980s

• Each year, ~90% of water 
used is from groundwater, 
from that, ~80 to 85% is 
for irrigation

• Over 95% of the wells in 
the Kansas High Plains 
aquifer have a flow meter

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.  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.




Measured Wells in Kansas
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• Depth-to-water measurements

• Wells measured by 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
WIZARD contains depth-to-water data collected from a local, state, and federal agencies.  The black dots indicate 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 track regional trends and conditions in the High Plains aquifer region.




Kansas Index Wells

Presenter Notes
Presentation Notes
The Kansas Index Well Program is a collection of groundwater wells equipped to provided real-time and continuous water-level recordings at selected sites across Kansas.   All sensor derived and manually conducted measurements are provided through WIZARD or can be accessed from these websites:

HPA: http://www.kgs.ku.edu/HighPlains/OHP/index_program/index.shtml
KS River Valley: http://www.kgs.ku.edu/Hydro/KansasRiver/index.html

The webpage shown on the right side of the slide shows hourly recorded water levels from January 1, 2021 to late Mid January 2023 recorded by a pressure transducer install at the index well north of Scott City, KS.  Water level responses during the pumping season occurring in the spring/summer months can readily be compared to that in the fall and winter months when water levels recover.  Reviewing these types of responses in the aquifer has provided the KGS better insights how we characterize the aquifer.




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

• At or near the land surface

• Over 450 ft (Haskell County)

Source- Kansas High Plains Aquifer Atlas

Presenter Notes
Presentation Notes
Map showing the average depth to water in the HP aquifer from 2020 to 2022.  We often use 3-year averages since some wells can not be measured every winter for a variety of reasons or some wells are measured multiple times. 

One of the differences between the Great Bend Prairie/Equus Beds aquifers (south central Kansas) and the Ogallala aquifer (western Kansas) in terms of depth to water can readily be seen.  The Ogallala is very diverse in the depth to water but overall it is deeper than the Great Bend Prairie and Equus Beds.  




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
◦ 10 to 20 years to go a mile

Presenter Notes
Presentation Notes
Subtracting the depth to water from the land surface elevation will show the water table elevation.  The ground water elevation follows the land surface in that as you travel east to west, the water table rises in elevation. This map shows the ground water gradient (flow direction) is west to east.

As a whole, ground water in the HP aquifer moves about 1 foot per 1 to 4 days under the natural influence of gravity,




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

• Variability driven by bedrock 
surface.

Presenter Notes
Presentation Notes
Map showing the thickness of the HP aquifer.  For the Ogallala aquifer, southwest Kansas has in the past and is today relatively water rich compared to west central and northwest Kansas.  This variability is driven by the underlying bedrock.




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

Presenter Notes
Presentation Notes
The map on the left shows 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.  A common question that is asked- how long with the aquifer last.



How long will the aquifer last?

Kansas Geological Survey

Estimated Usable Lifetime = 
project water-level declines into 

the future until the saturated 
thickness of the aquifer is 

reduced to a point where well 
yields start to be impacted.

Presenter Notes
Presentation Notes
This map is an estimated projection (NOT A PREDICTION) of how many years until the HP aquifer reaches a point where wells requiring 400 gpm extraction yields will begin to be impaired if ground-water level trends from 2011 to 2020 repeat continuously and unchanged into the future.  This methodology is only suitable to the Ogallala portion of the HP aquifer because of its very small annual recharge levels.  South-central Kansas does have local issues of ground-water declines but given higher precipitation and recharge levels, this area of the state has a much greater potential to recover.




How long will the aquifer last?
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Presenter Notes
Presentation Notes
The mythology behind the estimated usable lifetime map is simple and may not be applicable in all areas.  For example, the Haskell Index Well site shows the water levels fall over 100 ft during the pumping season.  This drastically changes the estimated thickness of the aquifer from 100 feet to around 40 feet and it’s projected usable lifetime from over 25 years to less than a decade.  




Past and current KGS modeling activities in Kansas
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Western Kansas GMD #1

Southwest Kansas GMD #3
(update in progress)

Northwest Kansas GMD #4

Smoky Hill 
River

Equus Beds GMD#2

Kansas River Valley (coming soon….)

Presenter Notes
Presentation Notes
Numerical groundwater model are sophisticated tools developed to replicate portions of the hydrologic cycles, in this case, specifically water-levels in aquifers.  One valuable function of a groundwater model is to project and estimate future water usage and groundwater conditions.



Example of model projections of aquifer changes
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Water-level changes in Wichita County

Future storage and wells yields in SW Kansas

Presenter Notes
Presentation Notes
Examples of future aquifer conditions projected from numeric models.  Changes in water levels, projected volume of water in storage, and future flow rates could be used to estimated the usable lifetime of the aquifer. 
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Picture of a flow meter, Summer 2022

Future aquifer lifetimes are dependent on many factors

• Physical aquifer properties

• Economic drivers

• Water right / landowner 
management 

Presenter Notes
Presentation Notes
How long the State’s aquifer will last depends on several factors.  To name a few- the physical nature of the aquifer itself, economics of the marketplace, and the attitudes of individual water users.  The picture shows the actual flow rate from a meter installed on an operational well irrigating a field using a flood system in the Kansas HPA during the summer of 2022.  



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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