




Z]ill



11



•-
.I 

   
='

   
 : 

   
'=

-  
  :

   
  :

J.
.  

 `5



:?
- 

   
 i

.  
   

:.
,  

  :
.,.

.. 
:

R
3

  
  

  
I 

  
  

 =
%

R
se





2



_i
...

:g
:;

=
-
,I

=
=

=
Z

_
..
.:

i,

?.
` 

 1
`-

_
.<

T.
:.L

+-
- 3
1

t

S
-

i I

®
•.

=

`.
.-

`.
,` 8

-,
;.1

 ii
- 

   
i  

 -
f'

=
t `.i

  -
C

:

•u
l.i

r-
,r

..-
-.

--
...

:`
i

1
1 I 
 , 

   
   

   
   

?i
.-

`.
.,

C
>



4



®
®

®
®

®
®

®
®

®
®

®
®

a
®

®
®

®
®

®
®

a
®

®
®

®
®

®
®

®
®

®
®

®
®

®
®

I

®
®

®
®

®
®

®
®

.  
 ®

®
®

®
®

®
®

®
®

®
®

®
®

®
®

®
®

®
®

3
®

®
®

®
®

®
®

®
®

®
®

®
-

®
II

LI
-I

--
®

®
®

®
r-

\| 
c_

 I-
I

.

®
®

®
a®

®



6



. .... , .. 
I"'-.,•·· 

_.,.r-t .. > 
..... •f····~ .. .. 

, .. 

I I l I ?I .J ~-s~---~) ll J 

. ,.•· r·.: .. - _.,-. • •• ✓ ... 
···••i •.• ..: 

'••·'-···· 
~ 

, .. 
j 

.... ., 
...... ...... r..., .... ,.·=··--J 

tv·-.) r·-, i ···- .. ,. ....... ,- --1 

! ..... •· 
t_·, 

D 15-20 020-25 □25-30 35-40 - 40-45 
Inches 

FIGURE 4-Normal annual precipitation (1961-1990) in Kansas. The area west of the dashed line shows the extent of the High Plains aquifer in Kansas (adapted from 
Goodin et al., 1995). 

has contracted with the Federal government for water-supply storage in 12 
of these reservoirs. The state makes water available to municipal and 
industrial water users through contracting procedures established by statute. 

The two traditional methods of obtaining water in Kansas are the Water 
Appropriation Act (for water rights) and the Water Marketing Program, 

Kansas Geological Survey 2000 7 

involving 12 Corps of Engineers reservoirs where the State currently owns 
storage. The Water Marketing Program in concert with the Water Assurance 
and Multipurpose Small Lakes Programs, all operated by the Kansas Water 
Office, provide surface-water supplies to approximately 61 Kansas 
communities, 68 rural water districts., and three public wholesale water-

An Atlas of the Kansas High Plains Aquifer 
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FIGURE 7-Interaction of streams and ground water. Losing streams (A) lose water to the ground-water system, whereas gaining streams (B) receive water from the 
ground-water system. 
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Aquifers of the High Plains Region 

P.A. Macfarlane, G. Misgna, and R. W. Buddemeier 
Kansas Geological Survey, Lawrence, Kansas 

An aquifer is a body of rock or sediment that contains and yields 
enough water to be useful to humans. Its boundaries are defined by the land 
surface and/or by its borders with surrounding geologic formations, 
particularly if those borders do not contain or transmit water. The 
characteristics of aquifers are discussed in more detail in technical 
appendices on aquifer types (terminology and definitions), saturated 
thickness, and ground-water storage and flow. 

The High Plains aquifer is the most important water resource in western 
and south-central Kansas, an area that lacks extensive surface water and has 
limited precipitation. The High Plains aquifer underlies approximately 
33,500 square miles of 46 counties in western and south-central Kansas and 
is present in seven other states in the Great Plains region of the United 
States. Depth below land surface to the base of the aquifer is as much as 
500 feet in parts of southwestern Kansas. This water source consists of 
Pliocene to late Holocene (approximately 5 million years ago up to present 
day)-age sediments deposited by eastward-flowing streams and by wind. 
These sediments consist of unconsolidated clay, silt, sand, and gravel in 
amounts that vary across the region. This aquifer formerly was referred to 
as the Ogallala aquifer in Kansas. However, the name has been changed 
because regional studies by the US Geological Survey have shown that 
other geologic units as well as the Ogallala form this aquifer. The purpose 
of this section is to identify the various aquifers in the region and describe 
their interaction with the High Plains aquifer. 

Other aquifers are hydraulically connected to the High Plains aquifer. 
An aquifer is connected hydraulically to an overlying or underlying aquifer 
if water can move easily between them. Poor hydraulic connection exists 
when the aquifers are separated by low-permeability sediment or rock 
layers. In the extreme, an aquifer is isolated hydraulically from another if 
they are separated by thick, low-permeability sediment or rock layers. The 

Kansas Geological Survey 2000 

\ 
other aquifers present in the High Plains region include the alluvial, the 
Dakota, and those within Permian rock units. The map (fig. 9) and cross 
sectional view (fig. l 0) of the subsurface show the aquifer distributions in 
relationship to the High Plains aquifer. 

The alluvial aquifers, which overlie the High Plains aquifer, consist of 
unconsolidated sediments deposited by rivers in the stream valleys (see fig. 
9). In southwest Kansas, hydraulic connection between the Arkansas River 
alluvial aquifer and the underlying High Plains aquifer is poor because low­
permeability clay layers inhibit the downward flow of ground water (see 
fig. 10). Thus, the upper Arkansas River alluvial aquifer is a perched 
aquifer. However, the Cimarron River alluvial aquifer is well-connected to 
the underlying High Plains aquifer because no clay layers are immediately 
beneath the alluvium to inhibit the flow of ground water between the 
aquifers. 

The Dakota aquifer consists of sandstones that were deposited in 
ancient river valleys and along shorelines during the Cretaceous Period 
(approximately 100 million years ago) and underlies much of the western 
two-thirds of Kansas. In southwest and south-central Kansas, the Dakota 
underlies and is in good hydraulic connection with the High Plains aquifer 
(see figs. 9 and 10). To the north, a thick sequence of low-permeability 
shale and chalk hydraulically isolates the Dakota from the High Plains 
aquifer. As a result, the High Plains aquifer interacts very little if at all with 
the Dakota over most of its northern extent. Further information on the 
Dakota aquifer can be found at http://www.kgs.ukans.edu/Dakota. 

The aquifers in Permian rocks consist of sandstones that were deposited 
along shorelines and in shallow bays during the Permian Period (approxi­
mately 250 million years ago) and underlie all of the western two-thirds of 
Kansas. In most areas, the water in these aquifers is too saline for human 
use. Where the Dakota is not present to separate them, these bedrock 

13 An Atlas of the Kansas High Plains Aquifer 
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FIGURE l 0-Cross sectional view of the area of the High Plains aquifer. 
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Ground-water Availability and Accessibility Provinces 

C. D. McElwee and H. Cao 
Kansas Geological Survey, Lawrence, Kansas 

Definitions: GENERAL-Physical availability is the amount (volume) of 
water in storage beneath a given area of land surface. Accessibility is a 
function of saturated thickness, depth to water, and hydraulic conductivity, 
which is a measure of how easily water flows through or can be pumped 
from an aquifer. In order to combine and compare the effects of these 
different factors, this description uses normalized variables, which is simply 
a process of dividing all values of a particular map by the highest value 
observed, resulting in a common scale of zero to one. This standardizes and 
simplifies comparisons and calculations. 

SPECIFIC-Availability is the normalized value of water in storage, 
presented in categories or intervals. Accessibility is zero if hydraulic 
conductivity or saturated thickness is zero and increases as these values 
increase. However, accessibility decreases as the depth to water increases. 
The basic definition of accessibility used here is the product of hydraulic 
conductivity and saturated thickness divided by the depth to water. In order 
to avoid the problems associated with dividing by numbers close to zero, 
the definition is modified by adding 1.0 to the normalized depth to water. 
This ensures that the accessibility function will range from 0 to 1. Provinces 
of ground-water accessibility are then defined based on selected ranges of 
values and displayed graphically on a map. 

Relevance to understanding water resources: Clearly, if no water is 
available then we do not have a water resource. When volume in storage 
and hydraulic conductivity are both low, then an area will have low 
availability and accessibility. It is valuable to be able to rank a given area 
relative to another for ground-water availability. By using normalized 
current water-in-storage data and displaying high, medium, and low 
availability provinces, it is possible to see at a glance how various areas 
compare. Accessibility of an aquifer bears directly on the description of a 
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water resource. If water is present but unable to move easily due to low 
hydraulic conductivity, the value of the water resource is considerably 
diminished. Water at a very great depth is not as valuable as water at 
shallow depths, due to increased pumping lift. The accessibility function 
that we have defined allows one to quickly evaluate the net effect of the 
three most important factors affecting accessibility: hydraulic conductivity, 
saturated thickness, and depth to water. Although strong similarities exist in 
the availability (fig. 17) and accessibility (fig. 18) maps, there can be 
important differences. For example, a very deep ground-water basin might 
have a large volume in storage (and therefore high availability), but if 
hydraulic conductivity is low and depth to water great compared to other 
areas, this water will be much less accessible. 

Discussion: Ground-water availability and accessibility have been 
defined so that all values will be between 0 and 1. Color coding these 
ranges on the maps allows provinces of high, medium, and low availability 
and accessibility to be shown graphically. Because the same scale is used 
for the entire High Plains aquifer, it is possible to compare availability in 
one area to availability in any other area (fig. 17). The values selected for 
the range division in this presentation have been chosen for convenience in 
making visual distinctions on the maps; it is easy to redefine the classes to 
address specific questions or problems. 

The values used for the availability ranges are: low (0.20-0.0), medium 
(0.45-0.20), and high ( 1.0-0.45). It should be emphasized that availability 
as defined here relates to the amount of water physically present and has no 
relation to regulatory availability. The Division of Water Resources of the 
Kansas Department of Agriculture and local Groundwater Management 
Districts (GMDs) have regulatory authority over and policies governing 
whether new water rights are granted in a given area. 

29 An Atlas of the Kansas High Plains Aquifer 
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The accessibility ranges have the same theoretical limit of 1.0, but in 
practice the observed maximum value for the index was much lower, so the 
useful numerical values of the ranges are not the same as for availability. 
For accessibility, the low range is 0.0-0.05, the medium range 0.05-0.19, 
and the high range 0.19-0.57 (the maximum value observed). The 
numerical ranges are displayed graphically on the map (fig. 18) by color 
coding. Again, because the same scale is used for the entire High Plains 
aquifer, it is possible to compare accessibility in one area to accessibility in 
any other area. As with availability, the ranges shown here can be modified 
and replotted to address specific considerations. 

Data sources and methods: Ground-water availability and accessibility 
have no unique scientific definition. Availability and accessibility based on 
hydrologic principles and data available for the High Plains aquifer have 
been defined. The maps presented in this section are based on the amount of 
water in storage and the saturated thickness of the aquifer. In addition, a 
hydraulic-conductivity map produced by U.S. Geological Survey studies of 
the High Plains aquifer has been used in the accessibility calculations. The 
point values for depth to water at wells were used along with interpolation 
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to produce estimates of the depth to water. These depth to water data were 
used in calculations for ground-water accessibility. All values were 
normalized by dividing by the largest value to ensure that all values will be 
between 0 and 1. 

Qualifications: The limitations of the current water-in-storage data and 
the current saturated-thickness map (fig. 12) are discussed elsewhere in this 
atlas but apply equally well here because those maps are used in the 
availability and accessibility calculations. An unknown magnitude of 
uncertainty exists in the U.S. Geological Survey map for hydraulic 
conductivity. However, it is likely that the best available data at the time 
were used. The depth-to-water data used in the accessibility calculations 
could be improved by using more topographic control between measured 
wells. 

As noted above, the values selected for the low-medium-high ranges 
were chosen for illustrative purposes and do not represent any specific 
management or economic considerations. The approach could easily be 
adapted to include such considerations. 



Regional Ground-water-quality Provinces 

D. 0. Whittemore, M.A. Townsend, B. S. Sorensen, D. P. Young, and J. A. Schloss 
Kansas Geological Survey, Lawrence, Kansas 

Definitions: The regional ground-water-quality provinces are areas in 
the High Plains aquifer where the ground water has different ranges in the 
salinity or total dissolved solids (TDS) concentration and consists of 
different chemical types. The TDS concentration intervals range from fresh 
to saline water. The chemical-type provinces are based on the predominant 
chemical character of the ground water, i.e., the major dissolved 
constituents composing the total dissolved solids, specifically, chloride and 
sulfate for the province map. 

Relevance to understanding water resources: The salinity of water is an 
important characteristic that determines its uses. Low salinities are 
generally desirable for all types of water use, including public supply, 
domestic, agricultural (both stock and irrigation), and industrial uses. In 
some cases, the particular constituents (such as chloride, sulfate, and the 
relative amounts of sodium to calcium and magnesium) can be a 
consideration for use where dissolved solids concentrations are high. The 
recommended or secondary standard of the U.S. Environmental Protection 
Agency (EPA) and the Kansas Department of Health and Environment 
(KDHE) for TDS in drinking waters is 500 mg/L, and for both chloride and 
sulfate concentrations is 250 mg/L. The general classification limit between 
freshwater and saline water is 1,000 mg/L. 

Discussion: The map (fig. 19) shows the distribution of TDS 
concentration in the ground waters of the High Plains aquifer. The lowest 
TDS interval has an upper value of 500 mg/L, which is the secondary 
standard for drinking waters. The amount of data and the areas for waters 
with> 1,000 mg/Lare relatively small in comparison with that for less 
saline and freshwater. The TDS concentration of ground water varies 
substantially with depth at some locations in the High Plains aquifer. Except 
for the upper Arkansas River valley, the TDS generally increases with depth 

TT ..... _,,....,.,.,,... r-.n.ln.n-~r-ol ~-•~uou '">nnn 

in the map areas showing high concentrations. The TDS data reflect the 
estimated concentration in the main portion of the aquifer. 

Most of the ground water in the High Plains aquifer contains TDS 
concentrations less than 1,000 mg/L indicating that the water is fresh. A 
large portion of the freshwater has TDS contents less than 500 mg/L. Most 
of this water is of calcium bicarbonate type. Aquifer areas with high TDS 
concentrations include the eastern part of the "Great Bend Prairie aquifer" 
(Groundwater Management District No. 5) and the western portion of the 
"Equus beds aquifer" area (Groundwater Management District No. 2) in 
south-central Kansas. The source of salinity in this area is natural intrusion 
of saltwater (sodium chloride type water) from Permian bedrock underlying 
the High Plains aquifer. Ground waters in other areas also have elevated 
TDS content from intrusion of mineralized water from bedrock underlying 
the High Plains aquifer. Ground water in the upper Arkansas River corridor 
has high TDS concentrations from recharge of saline river water that flows 
into Kansas from Colorado. The water is of sodium sulfate type that has 
been largely generated by concentration of natural salts in residual water 
left after evapotranspiration losses in ditch irrigation systems. Natural 
evapotranspiration has produced elevated TDS ground waters of sodium 
sulfate type in the High Plains aquifer in parts of southern Scott and 
northwestern Finney counties. 

Data sources and methods: The water-quality provinces map (fig. 19) is 
based on water samples collected from the aquifer over the last 30 years 
(from 1970 to the present). A large portion of the data is from the study of 
irrigation-water quality conducted by the Kansas Geological Survey (KGS) 
during 1974-1980 and published in KGS Chemical Quality Series 2, 4, 6-8, 
l 0, and 11. Other data sets are KGS an~lyses of more recent samples of 
irrigation water collected by the KDA, chemical analyses in the QWdata 
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FIGURE 19-Map showing total dissolved solids (TDS) concentration and water-quality provinces of the High Plains aquifer in Kansas. 







and more than 95% is returned throughout the western half of the state, thus 
resulting in meager recharge to the High Plains aquifer in that region. (In 
eastern Kansas an average of 85% of the rainfall is returned to the 
atmosphere.) Thus, climatic conditions constitute a primary control on 
recharge, although vegetation and soils also influence recharge. 

The administrative-recharge map (fig. 21) shows the amount of annual 
recharge, in inches, that is available for appropriation based on rules and 
regulations adopted by DWR-KDA. This map was created by interpolating 
values between the contours of the potential natural-recharge map (fig. 20), 
creating a digital gridded map, and overlaying on it the areas of special 
administrative recharge, such as the boundaries of the five Groundwater 
Management Districts (GMDs) and the DWR-KDA Unit Basins in south­
central Kansas. In these areas, recharge standards have been set through 
some approach other than the use of the USGS map or similar data. 

Data Sources and Methods: The USGS study employed a soil-moisture 
accounting model to estimate recharge based on soil, vegetation, and 
climate data (precipitation, temperature, and percent possible sunshine 
data). However, the basic data used in the USGS model, as well as the 
assumptions and limitations of that model application, are not presented in 
that report. Details on the methodology employed also are not reported, but 
the recharge model used was the same soil-moisture accounting model as 
the one used in the USGS CMRASA study to estimate the mean annual 
recharge in much of eastern and central Kansas. The CMRASA study is 
documented in the USGS Water Resources Investigations Report 85-4236. 

Qualifications: Of all the factors in the evaluation of ground-water 
resources, the rate of recharge is one of the most difficult to derive with 
confidence. Estimates of recharge are normally subject to large 
uncertainties and spatial and temporal variability. For example, during the 
floods of 1973 and 1993, substantial areas in the Big Bend GMD 5 in south­
central Kansas went from a net decline to a net increase in the water-table 
elevation as a result of these relatively rare extreme flood events. 

Kansas Geological Survey 2000 

The CMRASA recharge-estimation-model application covered an area 
of approximately 275,000 square miles in Nebraska, Colorado, Kansas, 
Oklahoma, and Texas, and employed monthly climatic data for a 30-year 
period (1951-1980) to derive mean potential-recharge estimates (Dugan 
and Peckenpaugh, 1985). Because of the simplifications made in the model, 
the USGS recharge estimates may be considered representative at the 
county level. As mentioned earlier, no stream seepage, irrigation return 
flow, or other sources of recharge were considered in this USGS analysis. In 
view of the above, caution should be exercised in attempting to apply the 
results to specific areas. Furthermore, these recharge estimates were not 
calibrated or statistically evaluated with empirically derived hydrologic data 
or ground-water-flow model simulations. Such tests are necessary for more 
detailed applications. The recharge estimates used by DWR-KDA are based 
on the previously mentioned and other USGS reports, as well as on Kansas 
Geological Survey studies. Actual field studies to determine recharge are 
lacking in many parts of Kansas, especially in western Kansas. 
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Water Usage 

B. B. Wilson I, J. A. Schloss2, and R. W. Buddemeier2 

1Kansas Water Office, Topeka, Kansas, and 2Kansas Geological Survey, Lawrence, Kansas 

Definition: Water usage represents the amount of water that was 
reported used each calendar year by water-right holders. All water-right 
holders are required by State law to complete and return a water-use report, 
whether any water was used or not, to the Kansas Department of 
Agriculture, Division of Water Resources (KDA-DWR). The State of 
Kansas is the only western state among those that follow the water­
appropriation doctrine (first in time, first in right) that has a mandatory 
statewide water-reporting program. The KDA-DWR has archived water-use 
data since 1958; however, only since 1987 has the agency had the 
regulatory authority to enforce the mandatory reporting. Since that time, the 
KDA-DWR generally has a 99% return rate on water-use reports. In 1988, 
KDA-DWR, in conjunction with the Kansas Water Office, initiated a 
program to identify and correct potential inconsistencies on the reports. 
When an inconsistency is found, the water-right holder is contacted to 
further clarify the water-use report. 

Relevance to understanding water resources: Water-use reports are the 
primary data set used to produce an estimate of the total amount of water 
used and to analyze a variety of water-use conditions each year. Because 
each water-use report is referenced to the actual ground-water well or 
surface-water pump that diverted the water, the amount of water used can 
be spatially quantified and then compared to other spatial features, such as 
changes in ground-water elevations, streamflows, or precipitation. 

Discussion: The water-usage graph (fig. 23) shows the total amount of 
ground water reported used by water rights within the High Plains aquifer 
in comparison with the seasonal precipitation from 1990 to 1998. For water 
rights within the Kansas High Plains aquifer region, ground water 
consistently accounts for approximately 99% of the total reported use, and 
the average fraction of ground water used for irrigation is approximately 
95% of the total. The graph also shows the inverse relationship between 
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water use and seasonal precipitation that occurs between the months of 
March to October. As would be expected, when more precipitation occurs 
during the growing season, the need for supplemental water use, primarily 
irrigation, decreases. 

Data Sources and Methods: The reported water-use information was 
obtained from the KDA-DWR Water Rights Information System for each 
year between 1990 and 1998, and represents only appropriated or vested 
water rights. The total amount of water reported used was summarized for 
all uses (irrigation, municipal, recreation, etc.) and sources (ground or 
surface water). Note that 1999 water-use reports will not have been 
processed through the quality-control program until almost the start of the 
2001 calendar year. 

Seasonal precipitation data were retrieved from the Hydrodata© 
software of Hydrosphere Data Products Inc., and are based entirely on 
National Climate Data Center (NCDC) weather stations. Only weather 
stations that contained monthly precipitation data from 1990 to 1998 for the 
months of March to October were selected. These months were used 
because they span the growing season, during which there can be a nearly 
direct trade-off between the amount of rain and the requirements for 
irrigation-water application. The total precipitation for the months of March 
to October was then summed for each station to represent seasonal 
precipitation. The weather station data were then interpolated into lx 1-km 
precipitation grids across the High Plains aquifer region for each year, and 
the average precipitation value established. 

Qualifications: The reported water-use data base maintained by the 
KDA-DWR is a very extensive and valuable data set. However, water-use 
data are reported in a variety of fashions and at various levels of accuracy. 
For example, some water usage is based on a metered amount while other 
usage is calculated based on the nurriber of hours pumped and the rate of 
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water flow reported by the water user. As such, the values presented in this 
report represent only an estimate of the total amount of water used each 
year. Domestic wells and other small uses of water not subject to the 
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appropriation process are not included in these totals, but this volume of 
water is unlikely to be significant relative to either the authorized or 
permitted use. 
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Estimated Usable Lifetime 

J. A. Schloss and R. W. Buddemeier 
Kansas Geological Survey, Lawrence, Kansas 

Definition: The estimated number of years remaining during which a 
region of the aquifer can sustain past levels of decline without significant 
impairment of existing uses can be described in various ways-"usable 
lifetime," "time to depletion," and so forth. Whatever the term used, the 
estimates are not predictions of aquifer depletion, but rather projections­
what would probably happen if past rates and patterns of use continue into 
the future. For the calculations presented here, two scenarios are 
considered. One uses the average annual change in saturated thickness over 
the period between 1988 and 1998; the other uses the average annual 
change for the 1978-1988 period. These two time periods show a consistent 
linear trend in water level in most regions experiencing decline (see 
appendix on estimated history of decline [appendix 6]) although they 
represent significantly different climatic conditions. The decade of the 
1990's has been significantly wetter than the 1980's, resulting in less water 
use and higher rates of recharge (see water usage). Other factors that may 
have contributed to the overall reduction in the rate of water-table declines 
in the 1990's include untimely climatic events, more efficient use of water, 
and increasing awareness that ground water is a limited resource. Usable 
lifetime is defined here as the number of years remaining until water-level 
declines reach the level where saturated thickness is 30 feet-an 
approximate value at which large-volume irrigation, municipal, or industrial 
pumping is likely to be impractical (see appendix on drawdown and 
pumping [appendix 5]), even though domestic and other low-volume wells 
can still function if they are completed at the base of the aquifer. 

Relevance to understanding water resources: One of the most 
fundamental issues in understanding and managing natural resources is the 
question of whether or not resource exploitation is sustainable, and if not, 
how long, how much, or for what purpose the resource can be used. 
Quantitative depletion or lifetime estimates provide a consistent basis for 
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comparing the remaining extent of the resource and the possible effects of 
changes in use or management. They also provide estimates of time periods 
and locations of the inevitable socioeconomic consequences of resource 
exhaustion (for example, a transition from irrigated to dryland agriculture). 
This type of estimate has several potential applications, with one major 
application being its use as a basis for defining aquifer subunits that can 
benefit from different management approaches, tailored to local needs and 
resource lifetimes. 

Discussion: Both maps presented here use the average of the 1997, 
1998, and 1999 saturated-thickness estimates to determine areas in which 
the resource has already been exhausted (saturated thickness 30 feet or 
less), and as a starting point for determining the number of years remaining 
in the aquifer's usable lifetime. The difference between the two maps comes 
from their use of water-level data from different time periods to calculate 
the trend in water-level change-the first map presented (fig. 25) uses the 
difference between the average water-levels from 1987-89 and from 1997-
99 to establish a linear trend in water-level change based on a ten-year 
period. The second map (fig. 26) is based on water-level trends between 
1977-79 and 1987-89. The water-level trends are then applied to the 
averaged 1997-99 saturated-thickness values to project the number of years 
it will take for the saturated thickness to reach the 30-feet mark. These maps 
should be used in combination with the maps of current saturated thickness 
(fig. 12), water in storage (fig. 16), and maximum authorized use (fig. 22) 
because the estimated usable lifetime calculated here will not exactly reflect 
the actual, on-the-ground situation for several reasons. 

One fundamental issue is the use of the 30-feet value as an indicator of 
resource exhaustion (see drawdown and pumping). This would ultimately 
be a policy decision supported by, rather than detemined by, technical 
analysis, and the 30-feet example used here is only an approximation for the 
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FIGURE 26-Map of estimated usable lifetime ( 1978-1988 trend) of the High Plains aquifer in Kansas . 
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FIGURE 28-Map showing percent reduction in reported ground-water use needed to meet sustainable yield in the High Plains aquifer in Kansas; reduction needed based 
on reported use, averaged 1990- 98. 

Kansas Geological Survey 2000 55 An Atlas of the Kansas High Plains Aquifer 



Kansas Geological Survey 2000 56 An Atlas of the Kansas High Plains Aquifer 

High Plains Aquifer Atlas-Information Appendix 1 

Aquifer Types and Terminology 

R. W. Buddemeier, P.A. Macfarlane, and G. Misgna 
Kansas Geological Survey, Lawrence, Kansas 

Ground-water terminology can be confusing, in part because often 
many different terms are used in describing the same phenomenon, and the 
same term can be used with different meanings. This section provides a 
brief summary of the general issues and an indication of the way the terms 
are used in this atlas, with sections on terminology, internal structure, and 
aquifer type. 

Terminology 

What is an aquifer? The word literally means 'water bearer' and refers 
to a layer of rock or sediment that contains enough accessible water (see 
appendix on ground-water flow and storage [appendix 4]) to be of interest 
to humans. Water in an aquifer is stored between the grains of rock. 
Aquifers can be either consolidated rock (such as sandstone) or 
unconsolidated (such as the sands and gravels that make up the High Plains 
aquifer). The variety of reasons for human interest create some of the 
differences in definition: a person seeking a municipal or irrigation well that 
can pump a thousand gallons per minute has a different perspective from a 
domestic well user who can be content with ten gallons per minute, and 
both have a very different perspective than a scientist interested in the 
migration of fluids over geologic time. Yet, all can and do call the objects of 
their attention 'aquifers. ' In keeping with the major uses of the Kansas High 
Plains aquifer, we use the term to mean a body that can supply pumped 
ground water at rates at least adequate for domestic water supplies and that 
contains primarily potable water. 

And what is not an aquifer? Two other common terms used are aquitard 
(which retards ground-water flow) and aquiclude (which excludes ground­
water flow). These terms also are relative for the same reasons used as 
examples in the case of 'aquifer.' A number of similar or synonymous terms 
exist for these features; aquicludes also are known as confining or 
impermeable layers, and aquitards as semi-confining or leaky impermeable 
layers. 

AQUIFER NAMES: Aquifers are often named for the geologic formation in 
which they occur-Kansas examples include the Ogallala and the Dakota 
aquifers. However, the geologic formation may not be uniformly water­
bearing-the Dakota is a good example, having a greater volume of 
relatively impermeable units than of actual aquifer units (see the Kansas 
Geological Survey web site on the Dakota aquifer at http://kgs.ukans.edu/ 
Dakota). Aquifers (especially smaller units) are often identified by the way 
they were formed (e.g., alluvial aquifers are water-deposited, and glacial­
drift aquifers are deposited by glacial action). Because aquifer function is 
defined by continuity and characteristics rather than by the origin of the 
materials, large aquifer systems may be composed of several geologic 
formations. The High Plains aquifer is such a composite; in western Kansas 
it consists of the Ogallala Formation, which in eastern Ford County grades 
into the more recent but very similar deposits of the "Great Bend Prairie 
aquifer" and "Equus Beds aquifer." The alluvial stream and river-channel 
deposits on the surface of the High Plains units (which also are alluvial in 
origin) usually also are considered part of the High Plains aquifer system 
when there is a good hydraulic connection between them. See also aquifer 
types on the next page. 
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FIGURE 31-To honor the locations of the contours and points as much as 
possible, the bedrock data at the points were evaluated with respect to the 
contours, and some points were found to be in disagreement with the contours. 
All points were then flagged to be included or excluded from the surface 
model. In this figure, those colored green were used and those in red were 
ignored. 
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FIGURE 32-0nce the input features were prepared, they were combined to create 
a model of the bedrock surface that would best honor the data from both 
sources. This image illustrates the density of the surface model (shown in 
yellow) that was created and how it "connects" to every contour line and every 
included point. 
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FIGURE 33 (opposite)-Saturated and unsaturated zones in an aquifer composed 
of coarse, unconsolidated material. In the saturated zone, all the pore spaces 
are filled with water. In the unsaturated (also known as the vadose zone), some 
water is usually present, but the amount is variable and it always is less than 
the field capacity. 

UNSATURATED 
ZONE 

UNCERTAINTY IN 
LAND SURFACE 

ELEVATION 

~ 

SATURATED 
THICKNESS 

SURFACE 

UNSATURATED 
(VADOSE) 

ZONE 

7 
SATURATED 
THICKNESS 

I '-'> .., ::,,,,,.., ,,~ -y -.._.,'-,I -\, /I J 
BEDROCK 

FLOOD 
CONDITIONS 

FIGURE 34-Saturated thickness in cross section-the light-blue area represents the average volume of permanent saturation, and the dark-blue area is the range of 
variation of its upper limit, which is affected by topography, recharge, discharge, and the effects of vegetation. 
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Total Porosity = • + e = 30% 

Effective Porosity = e = 15% 
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30% total 
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FIGURE 35-A schematic illustration of an aquifer in which the total porosity in 
the saturated zone is 30%, half of which is tightly held in small pores or 
mineral associations, and half of which is in large pores that drain relatively 
easily. The latter fraction can be pumped out and is the effective porosity or 
specific yield. Illustration not to scale. 
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water takes over a decade to move a mile, and about a century to cross a 
township. This natural time scale underscores the importance of long-term 
planning and management and helps explain why resource depletion or 
contamination cannot be quickly or easily rectified. 

Ground water, like surface water, flows 'downhill' in the direction 
determined by the slope of the water table. Its rate of flow is determined by 
the steepness of the slope and an aquifer characteristic called hydraulic 
conductivity. In a porous medium, flow is described by Darcy's Law, an 
equation that relates the rate of flow to the slope (or gradient) of the water 
table and the characteristics of the aquifer. This law is illustrated in fig. 36, 
and is written as 

Q=AxKxG, 

where Q is the volume flow of water (for example, in cubic feet per day­
also called flux) , A is the cross sectional area of the aquifer through which 
the horizontal flow is occurring, G is the gradient or slope of the water table 
in the direction of flow (difference in elevation divided by horizontal 
distance), and K is the hydraulic conductivity-a constant of proportionality 
that describes how easily water flows through the medium. The term 
permeability is closely related to hydraulic conductivity; in strict scientific 
usage they have slightly different definitions, but for water in unconfined 
aquifers they are essentially the same. 

Like specific yield, the hydraulic conductivity is related to but not 
solely determined by the porosity of the aquifer. All of these characteristics 
may show considerable variation over a variety of spatial scales. Because 
both specific yield and hydraulic conductivity are typically measured from 
tests on individual wells, their determination is relatively expensive and 
applies to the scale of the zone of influence of the well-which is much 
larger than local variations in the aquifer, but very small compared to the 
whole aquifer, basin, etc. 

Qualifications: The USGS maps are a valuable source of aquifer 
information and represent the only consistently prepared whole-aquifer 
assessment of these properties. As with all such descriptions, they suffer 
from scarcity of data; measurements must be extrapolated much more 
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High Plains Aquifer Atlas-Information Appendix 5 

Water-table Drawdown and Well Pumping 

R. W. Buddemeier 
Kansas Geological Survey, Lawrence, Kansas 

Withdrawal of a thousand gallons per minute (a common pumping rate 
for high-volume wells) is an unnaturally rapid change in a ground-water 
system (see appendix on ground-water storage and flow [appendix 4]) 
and results in some major perturbations of the water table. Initially, water 
level drops very rapidly in the immediate vicinity of the well. This lowering 
of the water table is known as drawdown and may amount to many tens of 
feet. This is why thinly saturated zones are unsuitable for high-volume 
pumping even if substantial water is present-the saturated thickness must 
be large enough so that the pump can remain completely submerged at 
maximum drawdown. 

As pumping continues, the rate of local drawdown decreases and 
eventually stabilizes as the withdrawal is compensated for by inflow of 
ground water from the surrounding area. As this happens, the measurable 
decline in the water table spreads outward. When the ground-water system 
has adjusted to the pumping, the resulting pattern of water-table depression 
is sometimes referred to as steady-state drawdown; this feature is illustrated 
in fig. 37. The pattern of water-table distortion is called the cone of 
depression , and the area over which the depression can be detected is called 
the zone of influence of the well. This zone of influence can easily have 
dimensions of a mile or more, depending on the characteristics of the 
aquifer. 
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When pumping ceases, lateral inflow continues, and the water table 
gradually recovers toward an equilibrium value. This recovery is fastest 
where the depression is greatest and slows as equilibrium is approached. 
Figure 37 indicates some aspects of the recovery process-in particular the 
fact that it make take months for full recovery to occur. 

This rapid distortion and slow recovery is one of the major compli­
cations involved in making accurate estimates of water-table (and therefore 
saturated-thickness and volume-of-water) changes over time. Even though 
water levels are measured annually in the winter when irrigation pumping 
has been at a minimum for some months, it is probable that full recovery of 
the water table never occurs, and some pumping does occur outside of the 
normal spring-summer growing season. For example, municipal supply 
wells, well maintenance and testing, 'pre-irrigation,' and irrigated winter­
wheat production may all result in local pumping close to the winter 
measurement period. A water-level measurement made near a recently 
pumped well may be significantly affected, which is one of the reasons why 
water-level change estimates (see the usable lifetime section and the 
appendix on estimated history of decline [appendix 6]) are constructed · 
from multi-year averages. Highly accurate, short-term measurements of 
change in a large, variable system are extremely difficult. 
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Supplementary Plots of Water-Level Decline Rates 
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FIGURE 39b-Annual rate of decline (ft/yr) by decade for the Ogallala aquifer and Groundwater Management Districts (see introductory map [fig. l] for l ocation of 

regions). 
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BOUNDARY CONDITION-Mathematical expression of a state of the physical 
system that constrains the equations of the mathematical model. 

BRACKISH WATER-See SALINE WATER. 

BRINE-Highly salty water, commonly with more than 10,000 milligrams per liter 
of chloride. In parts of Kansas, ground water may be naturally salty. Brine also 
is regularly produced along with oil in Kansas. 

C 

CALCITE-The mineral calcium carbonate (CaCO3). It is the main component of 
limestone and one of the most common minerals in Kansas. 

CALCIUM-The element Ca that occurs as a cation with a double positive charge 
when dissolved in water; the major dissolved constituent constituting hardness 
in water. 

CALCIUM-BICARBONATE TYPE-The most common chemical type of 
freshwater in Kansas; the constituents with the largest concentrations in this 
type of water are calcium (Ca) and bicarbonate (HCO3). 

CALIBRATION (model application)-Process of refining the model representation 
of the hydrogeologic framework, hydraulic properties, and boundary 
conditions to achieve a desirable degree of correspondence between the model 
simulation and observations of the ground-water system. 

CAPILLARY FRINGE-Unsaturated zone immediately above the water table 
containing water in direct contact with the water table. 

CAPILLARY POTENTIAL-See SOIL-WATER POTENTIAL. 

CAPTURE-Water withdrawn artificially from an aquifer derived from a decrease 
in storage in the aquifer, a reduction in the previous discharge from the aquifer, 
an increase in the recharge, or a combination of these changes. The decrease in 
discharge plus the increase in recharge is termed capture. Capture results in 
reduced surface flows. 
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CARBONATE-The anionic constituent CO3 that has two negative charges as 
dissolved in water or present in a mineral. 

CERTIFICATION-The process whereby a permit to appropriate water is com­
pleted into final form based on the completion of the diversion work and past 
application of water to the proposed use in accordance with the approved 
water-right application. A certified water right has a legal, State-issued 
document that establishes a priority date, type of beneficial use, and the 
maximum amount of water that can be used annually. 

CHLORIDE-The anionic form of the element chlorine (Cl) that has a single 
negative charge as dissolved in water. 

CLAY-A very fine grained material, smal ler than silt (clay has a diameter of less 
than 1/256 mm). Clay is formed by the weathering and breaking down of rocks 
and minerals. 

CONE OF DEPRESSION-A cone-shaped depression in the water table around a 
well or a group of wells. The cone is created by withdrawing ground water 
more quickly than it can be replaced. 

CONFINED AQUIFER-An aquifer that is bounded above and below by 
confining layers. Because of the pressure created in a confined aquifer, the 
water level in a well drilled into a confined aquifer will rise above the top of 
the aquifer and, in some instances, above the land's surface. 

CONFINED GROUND WATER-Ground water lying beneath an aquiclude or an 
aquifuge. Confined ground water is artesian if the water levels in wells are 
above the top of the aquifer. 

CONFINING BED-A layer of relatively impermeable (i.e., incapable of 
transmitting fluids) material overlying an aquifer. 

CONGLOMERATE-Rock that consists of nonsorted, cemented particles usually 
containing sand and gravel. Resembles concrete. 

CONJUNCTIVE OPERATION OR USE-Operation of a ground-water basin in 
coordination with a surface-water sy"stem. Often the purpose is to artificially 
recharge the basin during years of above-average precipitation so that the water 
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clay deposited by streams that flowed east from the Rocky Mountains during 
the Miocene Epoch. The Great Bend Prairie and Equus Beds aquifers also are 
composed of silt, clay, and gravel deposits left by streams flowing through 
central Kansas, but these deposits are generally younger (Pleistocene and 
Holocene) than the Ogallala. In some areas, these aquifers are in contact with 
each other and thus form one continuous aquifer. 

HOMOGENEOUS-Material is homogeneous if its hydrologic properties are 
identical everywhere. 

HYDRAULIC CONDUCTIVITY-Factor of proportionality in Darcy's equation 
relating flow velocity to hydraulic gradient having units of length per unit of 
time. A property of the porous medium and the fluid (water content of the 
medium. 

HYDRAULIC CONTINUITY-Property of the rock framework on a given time 
scale whereby a change in hydraulic head in any point of the region can cause 
a head change in any other point of the same region by means of pressure 
transfer through the rock pores and within a time interval measurable at that 
time scale. 

HYDRAULIC GRADIENT-Slope of the water table or potentiometric surface. 
The change is static head per unit of distance in a given direction. If not 
specified, the direction generally is understood to be that of the maximum rate 
of decrease in head. 

HYDRAULIC HEAD or (STATIC) HEAD-Height that water in an aquifer can 
raise itself above an (arbitrary) reference level (or datum) and is generally 
measured in feet. When a borehole is drilled into an aquifer, the level at which 
the water stands in the borehole (measured with reference to a horizontal 
datum such as sea level) is, for most purposes, the hydraulic head of water in 
the aquifer. This term defines how much energy water possesses. Ground water 
possesses energy mainly by virtue of its elevation (elevation head) and of its 
pressure (pressure head). See also HYDROSTATIC HEAD. When ground 
water moves, some energy is dissipated and therefore a head loss occurs. 

HYDRAULIC POTENTIAL-See SOIL-WATER POTENTIAL. 
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HYDRAULICALLY CONNECTED- A condition in which ground water moves 
easily between aquifers that are in direct contact. An indication of this 
condition is that the water levels in both aquifers are approximately equal. 

HYDROGEOLOGY-The study of ground water and its relationship to geology. 
Also sometimes known as geohydrology. 

HYDROGRAPH-Graph showing stage, flow, velocity, or other characteristics of 
water with respect to time. A stream hydrograph commonly shows rate of flow; 
a ground-water hydrograph shows water level or head. 

HYDROLOGIC BUDGET OR BALANCE-Accounting of the inflow to, outflow 
from, and storage in a hydrologic unit such as a drainage basin, aquifer, soil 
zone, lake, or reservoir; the relationship between evaporation, precipitation, 
runoff, and the change in water storage, expressed by the hydrologic equation. 

HYDROLOGIC CYCLE-The complete cycle that water can pass through, 
beginning as atmospheric water vapor, turning into precipitation and falling to 
the earth 's surface, moving into aquifers or surface water, and then returning to 
the atmosphere via evapotranspiration. 

HYDROLOGIC EQUATION-Equation that balances the hydrologic budget. 

HYDROLOGICAL DROUGHT-See DROUGHT. 

HYDROLOGY- The study of the characteristics and occurrence of water, and the 
hydrologic cycle. Hydrology concerns the science of surface water and ground 
water, whereas hydrogeology principally focuses on ground water. 

HYDROSTATIC HEAD- Height above a standard datum of the surface of a 
column of water or other liquid that can be supported by the (hydro) static 
pressure at a given point. 

HYDROSTATIC PRESSURE-Pressure exerted by water at any given point in a 
body of water at rest. 
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PARTS PER BILLION (ppb)-Micrograms per liter; one-one thousandth of 
milligrams per liter. 

PARTS PER MILLION (ppm)-See MILLIGRAMS PER LITER. 

PERCHED WATER TABLE-Water table of a relatively small ground-water body 
lying above the general ground-water body. 

PERCHING HORIZON-A relatively impermeable (i .e., incapable of transmitting 
fluids) lens or layer of clay or bedrock in otherwise permeable sediments that 
slows or prevents the downward movement of water. 

PERCOLATION-Laminar-gravity flow through unsaturated and saturated earth 
material. 

PERENNIAL FLOW-Year-round flow. 

PERENNIAL YIELD-Maximum quantity of water that can be withdrawn 
annually from a ground-water supply under a given set of conditions without 
causing an undesirable result. 

PERFECT (verb)-Under Kansas water law, the actions of a water user to bring an 
appropriation right into final form by the completion of diversion works and 
application of water to the proposed use in accordance with the approved 
water-right application. 

PERMEABLE-Permeability is a measure of the ease with which a fluid will 
move through a porous material (e.g., sand and gravel or rock). A geologic unit 
is permeable if ground water moves easily through it. 

PERMEABILITY-(]) Ability of a material (generally an earth material) to 
transmit fluids (water) through its pores when subjected to pressure or a 
difference in head. Expressed in units of volume of fluid (water) per unit time 
per cross section area of material for a given hydraulic head; (2) description of 
the ease with which a fluid may move through a porous medium; abbreviation 
of intrinsic permeability. It is a property of the porous medium only, in contrast 
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to hydraulic conductivity, which is a property of both the porous medium and 
the fluid content of the medium. 

pH-Measure of the relative acidity or alkalinity of water. Defined as the negative 
log (base 10) of the hydrogen ion concentration. Water with a pH of 7 is 
neutral; lower pH levels indicate an increasing acidity, while pH levels above 7 
indicate increasingly basic solutions. 

PHREATIC-Indicating the water-saturated zone below the water table. The 
phreatic zone is the area of the subsurface that is saturated with water. 

PHREATIC ZONE-Same as zone of (ground-water) saturation. Was originally 
used to designate water in the upper part of the zone of saturation . 

PHREATOPHYTE-Plant whose roots generally extend downwards to the water 
table and customarily feed on the capillary fringe. Phreatophytes are common 
in riparian habitats. Term literally means "well" plant or water-loving plant. 
Common examples in Kansas are salt cedar, cottonwoods, and willows. 

PIEZOMETER-Small-diameter well open at a point or short length in the aquifer 
to allow measurement of hydraulic head at that point or short length. 

PIEZOMETRIC PRESSURE-Pressure corresponding to the height to which 
water would rise in an observation well penetrating an aquifer. 

PIEZOMETRIC SURFACE-Surface defined by a pressure head and position 
(elevation above a standard datum, such as sea level). For an unconfined 
aquifer, it is equal to the elevation of the water table. For a confined aquifer, it 
is equal to the elevation to which water would rise in a well penetrating and 
open to the aquifer. This term is now replaced by potentiometric surface. 

PLANNING HORIZON-Range of time during which the system under study has 
to be operated. An aquifer with negligible annual recharge containing a million 
acre-feet ( 1.2335 km3) of recoverable ground-water stocks has a zero 
sustainable yield if the planning horizon is infinite. For a 100-year-time 
(planning) horizon, the same aquifer has a 10,000 acre-foot sustainable yield ; 
for a 10-year horizon, a 100,000 acre-foot sustainable yield. 
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STEADY-STATE FLOW-Characteristic of a flow system where the magnitude 
and direction of specific discharge are constant in time at any point. 

STOCHASTIC-In subsurface fluid flow, consideration of subsurface media and 
flow parameters as random variables. 

STOCHASTIC MODEL-In subsurface fluid flow, a model representing ground­
water parameters as random variables. 

STOCHASTIC PROCESS-Process in which the dependent variable is random (so 
that prediction of its value depends on a set of underlying probabilities) and the 
outcome at any instant is not known with certainty. 

STOCK USE or STOCKWATERING-Water used for drinking by livestock. 

STORATIVITY or STORAGE COEFFICIENT- Volume of water released per unit 
area of aquifer and per unit drop in head. Storage coefficient is a function of 
the compressive qualities of water and matrix structures of the porous material. 
A confined aquifer 's ability to store water is measured by its storage 
coefficient. Storativity is a more general term encompassing both or either 
storage coefficient and/or specific yield. 

STORM-CURVE NUMBER-See CURVE NUMBER. 

STREAM HYDROGRAPH-See HYDROGRAPH. 

STREAM REACH- Specific portion of the length of a stream. 

STREAMFLOW-Discharge that occurs in a natural channel. A more general term 
than runoff, streamflow may be applied to discharge whether or not it is 
affected by diversion or regulation. 

SUBLIMATION-Transition of water directly from the solid state to the gaseous 
state, without passing through the liquid state; or vice versa. 

SUBSURFACE WATER-All water below the land surface, including soil 
moisture, capillary fringe water in the vadose zone, and ground water. 

SULFATE-The anionic constituent SO4 that has two negative charges as di ssolved 
in water. 
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SURFACE WATER- Water found at the earth's surface, usually in streams or 
lakes. 

SURFACE-WATER DIVERSION-See DIVERSION. 

SUSTAINABLE DEVELOPMENT- Economic and social development that 
increases the welfare of current generations without affecting adversely the 
welfare of future generations; for example, future generations have economic 
opportunities that are at least as large as earlier generations. 

SUSTAINABLE YIELD-Volume of ground water that can be extracted annually 
from a ground-water basin without causing adverse effects. 

T 

TERRACES-In geologic terms, these are flat broad benches of land that lie above 
the immediate floodplain of a stream. Terraces represent a prior floodplain 
level of the stream. 

TOTAL DISSOLVED SOLIDS (TDS)-The total quantity of minerals (salts) in 
water, usually measured by weight in milligrams per liter (mg/L) or parts per 
million (ppm). 

TRANSITION CURVE or GROWTH CURVE or RESPONSE CURVE- Graph 
indicating the fraction of ground-water pumpage derived from ground-water 
storage or a surface-water source plotted against time. 

TRANSMISSIVITY-Flow capacity of an aquifer measured in volume per unit 
time per unit width. Equal to the product of hydraulic conductivity times the 
saturated thickness of the aquifer. 

TRANSPIRATION-Vaporization of water given off by plants. 

TURNOVER RATE-Fraction of the total amount of mass (e.g., carbon) in a given 
pool or reservoir that is released from or that enters the pool in a given length 
of time. The turnover rate of carbon i~ often expressed as gigatons carbon 
(GtC)/year. 
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