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Presenter Notes
Presentation Notes
I’m a groundwater hydrologist with the Kansas Geological Survey (KGS), a research and service unit of the University of Kansas. 



The High Plains Aquifer

Presenter Notes
Presentation Notes
The High Plains aquifer (HPA) is one of the world's largest and most productive aquifers and has supported critically needed agricultural production for decades. The aquifer extends over eight states in the High Plains region of the central United States and provides irrigation water primarily for alfalfa, corn, cotton, sorghum, soybean, and wheat. The HPA is heavily stressed in its central and southern areas, where groundwater withdrawals have produced large water-level declines that threaten the viability of irrigated agriculture in those areas. In the state of Kansas (inset), the HPA is the most important source of water for western and south-central Kansas, supplying over 90% of the irrigation water used in the state. This heavy reliance on groundwater has come at a steep price in western Kansas; that price is illustrated in the next slide.



Presenter Notes
Presentation Notes
This map is the percent change in aquifer thickness from predevelopment (the period prior to the onset of widespread pumping for irrigated agriculture - late 1940s to mid-1950s) to present (average of 2020-2022 conditions).  The semi-arid Ogallala portion of the High Plains Aquifer (HPA) has experienced the greatest decreases in aquifer thickness. These decreases threaten the continued viability of irrigated agriculture; in some areas, over 60% of the aquifer has been lost since predevelopment. The Great Bend Prairie and Equus Bed aquifers in south-central Kansas have had relatively small changes in aquifer thickness over the same period. The blue areas in western Kansas are areas of thin aquifer and of little practical significance.Continuation of current decline rates will lead to near depletion within a matter of a few to several decades over much of the area in western Kansas. Given the scarcity of surface water in western Kansas, reductions in groundwater pumping are essentially the only means of moderating rates of water-table decline for the next several decades. The key question is how much does pumping need to be reduced to significantly impact the decline rates. The answer to that question requires data on pumping and water-level changes. Kansas is very fortunate to have some of the best data on pumping and water-level changes in the United States, if not the world.



Annual Water Level Measurement Program

≈1400 wells measured in High Plains aquifer in 2022
- http://www.kgs.ku.edu/HighPlains/HPA_Atlas/index.html

Presenter Notes
Presentation Notes
The triangles represent wells included in the Kansas Cooperative Water-Level Measurement Network. Each winter, the KGS and the Division of Water Resources (KS Dept. of Agriculture) measure roughly 1400 wells to assess regional trends and conditions in the High Plains aquifer region. The wells are measured in winter, three to four months after cessation of irrigation pumping, to minimize the year-to-year variations in the timing of the end of the irrigation season and the possibility of pumps running when wells are being measured.Annual water-level changes are calculated from these data. Those changes are a response to an excitation or stress to the aquifer. In the Kansas HPA, the major stress is pumping. 



Annual Water Use Data

≈ 27,700 wells with totalizing flowmeters in High Plains aquifer
(over 98% of non-domestic pumping wells)

Presenter Notes
Presentation Notes
In the Kansas HPA, all non-domestic pumping wells have totalizing flowmeters and the annual pumping volumes are reported each year and subject to regulatory verification. These water-level and pumping datasets give us the opportunity to examine aquifer responses in a manner that is rarely possible elsewhere. 



Kansas Geological Survey

Aquifer Water Balance 

Water Volume Change in Aquifer = 
Inflows into Aquifer – Outflows from Aquifer 
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Presenter Notes
Presentation Notes
Schematic showing some of the major components of the aquifer water balance. 
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Rewrite for Net Inflow and Pumping
Water Volume Change in Aquifer = 

Inflows into Aquifer – Outflows from Aquifer 
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Presenter Notes
Presentation Notes
Accurate quantification of the individual water-balance components (aquifer inflows and outflows) is, in principle, relatively straightforward, but rarely, if ever, achievable in practice. In response to this situation, our strategy is to lump all aquifer inflows and all aquifer outflows except pumping into a single term, Net Inflow. 
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Rewrite with Standard Notation
Water Volume Change in Aquifer = 

Net Inflow – Pumping
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Presenter Notes
Presentation Notes
Rewrite in terms of standard notation with I for net inflow.
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Divide and Simplify
ΔWL x Area x SY = I – Q
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Iav = b/a
SY =1/(Area x a)

Presenter Notes
Presentation Notes
Many aquifers that support irrigated agriculture are pumped seasonally, i.e. groundwater is pumped for irrigation during the growing season with relatively little pumping during the rest of the year. Under those conditions and given that water-level measurements are taken long enough after the cessation of pumping that they display little sensitivity to variations in the timing of the irrigation season, the equation can be simplified as shown with constants a and b. The assumptions required for this simplification are that SY and I change little with time. We have shown in the articles listed in the references that these assumptions appear appropriate for much, if not all, of the Kansas HPA. The average net inflow and specific yield can then be estimated from these constants.



The High Plains Aquifer in Kansas
- Groundwater Management Districts (GMDs)

GMD4 area = 12,623 km2

- 174 wells measured every year from 1996-2022
- 4,304 pumping wells with flowmeters

Presenter Notes
Presentation Notes
We will demonstrate the net-inflow approach using data from Groundwater Management District No. 4 (GMD4). The management of water resources in Kansas is the responsibility of the Division of Water Resources in the Kansas Department of Agriculture (KDA). The KDA is assisted in the management of groundwater in the Kansas HPA by five groundwater management districts (GMDs) that overlie the vast majority of the aquifer in Kansas. The GMDs, which were formed in the 1970s to allow local input into management of groundwater resources, can propose management initiatives that are tailored to their circumstances as long as those initiatives fit within the framework of Kansas water law.
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Presenter Notes
Presentation Notes
GMD4 - This is a plot of annual water use (pumping) versus average water-level change from 1996-2021. The straight line fit to the data indicates that net inflow, as well as specific yield, has been approximately constant in GMD4 for the last quarter of a century. If pumping equals the net inflow, water levels will stabilize for the near- to moderate-term (years to a few decades). We can directly calculate the net inflow from the intercept over the slope as shown. Area is that of the district (12,623 km2). We can also estimate net inflow graphically as shown in the next slide.
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Presenter Notes
Presentation Notes
We can estimate net inflow graphically by extending a horizontal line from a water-level change of zero to the best-fit line and then extending a vertical line from that intersection to the x-axis. The net inflow determined in this manner is the same as that determined from the constants. The pumping reduction required to get to the net inflow can be estimated using the average pumping over the period.



Sheridan-6
LEMA

- 255 km2

- started in 2013
- 20% reduction

Local Enhanced Management Area (LEMA)

Presenter Notes
Presentation Notes
Groundwater reductions must be implemented over a relatively large area to make a signiﬁcant impact on regional decline rates. Such large-scale reductions require a management framework that makes them possible. In 2012, the Kansas Legislature passed a bill that allowed a new option, the Local Enhanced Management Area (LEMA), for groundwater management in Kansas. The LEMA framework allows the development of locally generated management plans that are then supported by regulatory oversight (KDA). An additional management option, the Water Conservation Area (WCA), has been developed to further enhance the prospects for large-scale reductions in pumping.The first LEMA, the Sheridan-6 LEMA, was established in 2013 in a 255 km2 area of Sheridan and Thomas counties in GMD4 in northwest Kansas. The success of the Sheridan-6 LEMA led to the establishment of the GMD4 district-wide LEMA (diagonal lines -12,623 km2) in 2018 and the Wichita County LEMA (stippled area) in a 663 km2 area in west-central Kansas (GMD1) that began operation in 2021. However, prior to the establishment of the Wichita County LEMA, there was a Water Conservation Area (WCA) in much of the area that began operation in 2017.There are two hydrologic requirements for a LEMA. First, pumping must be reduced relative to the pre-LEMA period. Pumping reductions alone, however, are not enough. The second, and key, requirement is that water-level decline rates must decrease. We will illustrate how the Sheridan-6 LEMA has done relative to these two requirements in the next two slides.
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Presenter Notes
Presentation Notes
This illustrates a simple but effective approach for assessing if groundwater conservation has been achieved in a LEMA. Annual water use is plotted versus annual or irrigation season precipitation. This allows LEMA performance to be evaluated for similar climatic conditions. Two points: 1. There is a clear reduction (30%) in pumping for similar climatic conditions; 2. There is an impressive consistency in agricultural practices after the establishment of the LEMA (adoption of methods of precision agriculture played an important role).



≈ 58% reduction
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after Butler et al. (2022)
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Presenter Notes
Presentation Notes
The water-level change versus water use plot reveals that the decline rate has been significantly reduced (58%) and that net inflow has remained approximately constant during this period. However, net inflow will eventually decrease in response to the reduced pumping (less irrigation return flow, reduced lateral gradients, etc.). We will be able to recognize when that occurs because the rate of water-level decline will increase for a given pumping as shown by the red arrow. That would be an indication that further pumping reductions are needed to maintain the decline rate earlier in the LEMA.
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Lumped Water Balance – Net Inflow Approach
Water Volume Change in Aquifer = 

Inflows into Aquifer – Outflows from Aquifer 
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Presenter Notes
Presentation Notes
The net inflow approach introduced here should be generally applicable, although the reliability of field estimates will likely be greatest in seasonally pumped aquifers. As I indicated in the previous slide, reductions in pumping required to diminish decline rates in heavily stressed aquifers such as the HPA will likely lead to decreases in net inflow and thus further pumping reductions in the future. The decreases in net inflow will be a function of the major fluxes that are contributing to it, so the quantification of those fluxes is critical. This will require more attention to long-term monitoring of the aquifers of interest. This monitoring must move beyond annual water-level measurements and limited-term, campaign-style projects. In particular, more attention must be paid to the major stress on these aquifers, pumping. Direct measurement of pumping at a subset of wells in an area should become the rule, and not the exception, if we are to develop the insights into an aquifer’s functioning that are needed to reliably assess its future prospects. 
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Please email me if you have any questions or would like any of the cited references.
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