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EXECUTIVE SUMMARY

The Iowa Geological Survey completed a hydrogeologic evaluation of the water resources in 
the Ocheyedan River aquifer in Osceola, O’Brien, Clay and Dickinson counties in Iowa.  The 
work was funded under the Water Plan Program of the Iowa Department of Natural Resources.  
The primary objective of this study was to evaluate the aquifer for future water supply 
development. Future work will include a calibrated groundwater flow model of the Osceola 
County Rural Water District (OCRWD) northern wellfield, which will be used to predict future 
well interference, available drawdown, optimal maximum pumping rates, and quantifying 
induced (river) recharge.

Based on the groundwater elevation data, surface water flows toward OCRWD and Iowa Lakes 
Regional Water (ILRW) wellfields.  Without this induced recharge, high capacity production 
wells and irrigation wells would not be able to sustain their pumping rates during prolonged 
droughts.

Groundwater recharge sources are precipitation, induced recharge from surface water, and 
seepage from glacial drift and terraces along the valley wall.  A groundwater study conducted 
in 2011 calibrated an average annual groundwater recharge of approximately 8 inches 
within the alluvium near the ILRW wellfield in Clay County (Gannon, 2011).  At an average 
groundwater recharge rate of 8 inches per year, approximately 13 billion gallons per year (bgy) 
of precipitation would recharge the aquifer.  If we classify a severe drought as half the annual 
precipitation (Gannon, 2006), and we assume this corresponds to an estimated recharge of 4 
inches per year (half the average recharge), approximately 6.5 bgy of precipitation recharge 
enters the aquifer during a severe drought.  Much of this recharge is removed from the aquifer 
through river baseflow and evapotranspiration.  The actual rate of groundwater available 
for use would need to be quantified using hydrographs, analytical methods, and numerical 
modeling.

Total current water usage for the study area, not including private wells, is estimated at 3.1 
billion gallons per year (8.6 million gallons per day), with a peak usage of 16.33 million gallons 
per day.  Well interference likely occurs between the irrigation wells and the OCRWD and 
ILRW wells during peak summer-time usage. The application of a calibrated groundwater flow 
model will help evaluate the magnitude and significance of this well interference.

The distribution of potential well yield was estimated by converting the transmissivity value 
to specific capacity, and multiplying this by one-half the saturated sand and gravel thickness.  
Potential well yields greater than 400 gallons per minute (gpm) are found near Spencer, ILRW, 
and OCRWD.  There appears to be areas between the City of Everly and south of OCRWD, and 
near the upper Little Sioux River that have potential well yields less than 100 gpm.
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The objective of this report is to 
evaluate groundwater resources of the 
alluvial aquifer located adjacent to the 
Ocheyedan River (Figure 1).  The evaluation 
summarizes geologic and hydrologic 
information and can be referenced when 
considering future development or well 
field expansion.  In addition to the main 
branch of the Ocheyedan River, the study 
area also includes Dry Run Creek, Stony 
Creek, and a portion of the Upper Little 
Sioux River.  The Ocheyedan River and its 

tributaries are found in Clay, Dickinson, 
O’Brien, and Osceola counties.  For the 
purposes of this summary report the 
alluvial aquifer will be referred to as the 
Ocheyedan River aquifer.  

The climate of northwest Iowa is 
classified as sub-humid.  Based on data 
compiled by Iowa State University 

Figure 1.  Extent of the Ocheyedan River aquifer study area.
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Climate



(Mesonet, Iowa State University, 2014), the 
average annual precipitation in the four 
county study area ranges from 27 inches per 
year near Sutherland to 29 inches per year 
in Primghar.  

The study area has historically 
experienced moderate to severe droughts.  
Table 1 shows the minimum annual 
precipitation amounts for a select number of 
cities in the study area (Mesonet, Iowa State 
University, 2014).  These minimum annual 
precipitation amounts range from 12.70 
inches in Milford in 1958 to 15.41 inches in 
Sheldon in 1958.  

Two gaging stations operated by the 
United States Geological Survey (USGS) 
show streamflow trends over time in the 

Table 1.  Minimum annual precipitation for 
select communities in Osceola, O’Brien, Clay, 
and Dickenson counties.

Figure 2.  Daily average streamflow at USGS streamgage 06605000 on the Ocheyedan River near 
Spencer (2004 to 2014).
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study area.  Average daily discharge over 
the last ten years in the Ocheyedan and 
Little Sioux rivers near Spencer are shown 
in Figures 2 and 3.  The lowest average 
daily discharge observed at the Ocheyedan 
River gage was 5 cubic feet per second (cfs) 
on September 23 – 24, 2012.  The lowest 
average daily discharge observed at the 
Little Sioux River gage was 12 cfs, which 
was observed for several days in late 
September and early October, 2012 and 
2013.   

The Iowa Administrative Code 
(IAC) [567] Chapter 52.8 has rules that 
protect consumptive water users during 

moderate to severe droughts for rivers 
with watersheds greater than or equal to 
50 square miles.  The Ocheyedan River 
watershed is approximately 434 square 
miles, but is not included in Chapter 52.8(3).  
The protective low flow value at the Linn 
Grove gage on the Little Sioux River is used 
for the Ocheyedan River, Stony Creek and 
the Upper Little Sioux River.     These rules 
involve the concept of protective low-flow 
in streams and rivers. The protective low-
flow value is defined as the discharge in 
cubic feet per second that is equal to or 
exceeds this discharge 84 percent of the 
time over a certain period of time (generally 

Figure 3.  Daily average streamflow at USGS Streamgage 06604440 on the Little Sioux River near 
Spencer (2004 to 2014).
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The study area (Figure 1) lies within 
the Northwest Iowa Plains landform 
region, except the far northwest portion 
which lies within the Des Moines Lobe 
landform region.  There are no known 
bedrock exposures in the study area 
(IDNR – Bedrock Exposure Database).  The 
bedrock surface lies beneath an average of 
260 feet of glacial tills and alluvium (IDNR 
– Bedrock Depth Database).  The bedrock 
surface primarily consists of Cretaceous-
age sedimentary rocks belonging to the 
Dakota Formation.  The primary lithologies 

10 years or more).  When streamflow 
measurements drop below the protective 
low-flow value, withdrawals from irrigation 
wells and surface water intakes within 0.125 
miles from the river must cease pumping.  
The protective low-flow value for the Linn 
Grove gage is reported as 42 cfs (IAC [567] 
52.8).   The streamflow at the Linn Grove 
gage has fallen to 42 cfs or lower from 
September through March of 2012 and 2013, 
and September through March of 2013 and 
2014 (Figure 4). These are the only two 
periods of below protective flow from 2004 
to 2014 at the Linn Grove gage.

Figure 4.  Daily average streamflow at USGS Streamgage 06605850 on the Little Sioux River at Linn 
Grove (2004 to 2014).
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are shales and mudstones to very fine to 
medium grained sandstones (Witzke, et al., 
1997). Figure 5 shows the bedrock surface 
elevation of the Ocheyedan River area.  
Bedrock channels appear to exist in the 
study area and can also be seen in Figure 5.

Glacial melt-water from the Wisconsinan-
age deposited various thicknesses of 
sand and gravel along the modern day 
Ocheyedan River valley and its tributaries.  
The thickness of alluvial deposits along the 

Ocheyedan River ranges from <10 to over 
40 feet, but averages approximately 20 feet.  
The alluvial deposits are not uniform or 
homogeneous, but include silt, clay, sand, 
gravel, cobbles, and boulders.  The yields 
that can be expected in wells screened in 
these sediments depend on the thickness 
of alluvium, the grain size or texture, and 
interconnectedness of the various sand and 
gravel units.  

Based on existing data from 252 striplogs 
and driller’s logs, the distribution of sand 
and gravel thickness was estimated and 
is shown on Figure 6.  The locations of all 
existing information were confirmed before 

Figure 5.  Bedrock elevation map indicating bedrock valleys (shown in green).
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Assuming groundwater table conditions 
are a reflection of the ground surface, 
regional groundwater flow is toward the 

use.  Based on Figure 6, over 40 feet of 
sand and gravel occurs near Spencer, to the 
east of Stony Creek, and near the Osceola 
County Rural Water District (OCRWD) 
wellfield.  The sand and gravel is overlain 
by fine-grained sediments consisting of clay, 
silt, and silty-sand.  

Ocheyedan River and its tributaries in a 
general southerly and easterly direction.  
Water level data from thirty-eight wells 
were used to evaluate the groundwater 
surface (Table 2).  The water level data 
was obtained from the Iowa Department 
of Natural Resources Water Use database, 
and from the various water utilities, and 
represent drought conditions during the 
fall of 2013 and the spring of 2014.  The 
available water level data is not evenly 
distributed, but is clustered near OCRWD, 
and the Iowa Lakes Regional Water 
(ILRW) wellfield as shown in Figure 7. 
Due to the lack of groundwater level 

Figure 6. Isopach (thickness) map of the Ocheyedan River aquifer and its tributaries.
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data, groundwater elevation maps could 
only be generated for the OCRWD and 
ILRW wellfields. Using the groundwater 
elevation data in Table 2, and the surface 
water elevations in Table 3, groundwater 
elevation maps were contoured as shown 
on Figures 8 and 9.  Relatively large zones 
of depression occur in the groundwater 
surface near OCRWD and ILRW wellfields 
as a result of the high pumping rates.

Based on the groundwater contour 
elevations, surface water from both the 
Ocheyedan River and Stony Creek flow 
toward OCRWD and ILRW wellfields.  
Without this induced recharge, high 

capacity production wells and irrigation 
wells would not be able to sustain their 
pumping rates during prolonged droughts.

Groundwater recharge sources include 
precipitation, induced recharge from 
surface water, and seepage from glacial 
drift and terraces along the valley wall.  It 
is difficult to measure the groundwater 
recharge based on annual precipitation 
data.  In Iowa much of the groundwater 
recharge occurs in the early spring and fall.  
The actual amount of groundwater recharge 
depends on the intensity and distribution 
of the precipitation events, and when 
they occur seasonally.   Based on previous 

Figure 7.  Distribution of groundwater level data in study area.
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Based on a surface area of the Ocheyedan 
aquifer of approximately 2.6 billion square 

feet (Figure 1), an average saturated aquifer 
thickness of 20 feet, and a specific yield of 
0.15, approximately 58 billion gallons of 
groundwater is stored in the Ocheyedan 
River aquifer.  Not all of this storage is 
available for use, and the drawdown is not 
uniform across the aquifer.   

A groundwater study conducted 
in 2011 calibrated an average annual 
groundwater recharge of 8 inches within 
the alluvium near the ILRW wellfield in 
Clay County (Gannon, 2011).  At an average 
groundwater recharge rate of 8 inches per 
year approximately 13 billion gallons per 
year (bgy) of water would recharge the 
aquifer.  If we classify a severe drought 
as half the annual precipitation (Gannon, 

studies (Gannon, 2006 and Gannon, 2011), 
the annual rate of precipitation recharge 
during 2013 was estimated to be 4 inches/
year, and 0 inches during June 1 through 
August 31.

Table 2.  Groundwater elevation data for the fall 
of 2013 and the spring of 2014.

Table 3.  Surface elevation data for May 27, 
2014.
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2006) and we assume this corresponds to 
an estimated recharge of 4 inches per year 
(half the normal recharge), approximately 
6.5 bgy of precipitation recharge enters 
the aquifer during a severe drought.  
Much of this recharge is removed from 
the aquifer through river baseflow and 
evapotranspiration.  The actual rate of 
groundwater available during a drought 
would need to be quantified using 
hydrographs, analytical methods and 
numerical modeling.

The volume of induced recharge 
provided by the Ocheyedan River and 

Stony Creek is unknown, but would 
significantly add to the total recharge.  Local 
pumping stress can also affect groundwater 
availability.  The application of a calibrated 
groundwater flow model could be used to 
evaluate local water balance concerns.

Twenty-nine active public wells were 
located within the model area and include 
five systems or communities (IDNR Water-
Use database).  The locations of the public 
wells within the aquifer are shown in 

Figure 8.  Observed groundwater elevation contours for Osceola County Rural Water District and 
surrounding area.
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and the public wells. The application of a 
calibrated groundwater flow model may 
be helpful in evaluating the magnitude and 
significance of this well interference.

Figure 10.  In addition to the public wells, 
there are approximately forty-six water-use 
wells that are used primarily for irrigation, 
livestock, and industry.  Annual water-use 
was obtained from the Iowa DNR Water-
Use database and is listed in Table 4.  If 
more than one well is used, the reported 
value reflects a combined total for all wells.  
Total water usage for the study area, not 
including private wells, is estimated at 3.1 
billion gallons per year (8.6 million gallons 
per day), with a peak usage of 16.33 million 
gallons per day (Table 4). Well interference 
likely occurs between the irrigation wells 

Hydraulic properties are used to define 
and characterize aquifers and include 
specific yield or storage, transmissivity, and 
hydraulic conductivity.  The most reliable 
aquifer properties are those obtained 
from controlled aquifer tests with known 

Figure 9.  Observed groundwater elevation contours for Iowa Lakes Regional Water and surrounding 
area.
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pumping rates, pumping duration, accurate 
well locations, and accurate water level 
measurements.  Six aquifer pump test 
results were found in the study area and 
their results are shown in Appendix A.  All 
six pump tests were completed at ILRW 
wellfield northwest of Spencer.

In addition to the aquifer pump tests, 
a total of 66 specific capacity tests were 
made available by various consultants, 
well drillers, and communities.  The 
locations of these tests are shown in Figure 
11.  Appendix A lists the pump test results 
for each test, the method of analysis, 

transmissivity values, and hydraulic 
conductivity values. Original data and 
graphs of the pump tests are also found in 
Appendix A.  

Hydraulic conductivity values indicate 
the rate at which water can move through a 
permeable medium. Hydraulic conductivity 
was estimated by dividing the transmissivity 
by the overall aquifer thickness. Hydraulic 
conductivity in the study area was found 
to range from 14 to 1,300 feet/day, with 
an arithmetic mean of 355 feet/day. The 
regional hydraulic conductivity distribution 
is shown in Figure 11.

Figure 10.  Locations of known public wells and water-use permit wells in the Ocheyedan River 
aquifer.
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Transmissivity values indicate the rate 
at which water is transmitted through the 
aquifer when considering factors such 
as the hydraulic gradient and aquifer 
thickness.  Based on aquifer test results, the 
transmissivity of the aquifer was found to 
range from 330 feet2/day west of Everly 
to 36,600 feet2/day at Spencer Well #8.  
Based on available data, the arithmetic 
mean transmissivity value was estimated 
to be 10,000 feet2/day.  The regional 
transmissivity distribution is shown in 
Figure 12. 

The potential well yield was estimated 
by converting the transmissivity value to 
specific capacity, and multiplying this by 
one-half the saturated sand and gravel 
thickness (Figure 6).  The potential well 
yield distribution is shown on Figure 
13.  Potential well yields greater than 400 
gallons per minute (gpm) are found near 
Spencer, ILRW, and OCRWD.  There 
appears to be areas between the City of 
Everly and south of OCRWD, and near the 

Table 4. Permitted water use and actual water use for public, industrial, and irrigation wells in the 
Ocheyedan River aquifer.

12

Estimated Well Yield



The Iowa Geological Survey initiated 
a geologic and hydrologic investigation 
of the Ocheyedan River alluvial aquifer.  
The purpose of this study was to provide 
a resource for future development or well 
field expansion.  Special attention was given 
to drought conditions as prolonged dry 

upper Little Sioux River that have potential 
well yields less than 100 gpm.

periods can affect groundwater resources.  
The study area lies near the border of the 

Northwest Iowa Plains and the Des Moines 
Lobe Landform Regions.  The Cretaceous-
age sedimentary rocks are overlain by a 
thick mantle of glacial tills and alluvium.  
The area has a complex geologic history 
with several periods of glaciation.  

A groundwater study conducted in 2011 
calibrated an average annual groundwater 
recharge of 8 inches within the alluvium 
near the ILRW wellfield in Clay County 
(Gannon, 2011).  At an average groundwater 
recharge rate of 8 inches per year 

Figure 11.  Aquifer test locations in the Ocheyedan River aquifer and hydraulic conductivity 
distribution based on data found in Appendix A.
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Twenty-nine active public wells were 
located within the model area and include 
five systems or communities (Iowa DNR 
Water-Use Database).  In addition to the 
public wells, there are approximately 46 
water-use wells that are used for irrigation, 
livestock, and industry.  

Hydraulic properties were obtained 
from six aquifer pump tests.  In addition 
to the aquifer pump tests, a total of 66 
specific capacity tests were made available 
by various consultants, well drillers, and 
communities.  Hydraulic conductivity 
in the Ocheyedan River alluvial aquifer 

approximately 13 billion gallons per year 
(bgy) of water would recharge the aquifer.  
Approximately 6.5 bgy of precipitation 
recharge enters the aquifer during a severe 
drought.  Much of this recharge is removed 
from the aquifer through river baseflow 
and evapotranspiration.  The actual rate of 
groundwater discharge and recharge would 
need to be quantified using hydrographs, 
analytical methods, and numerical 
modeling.  Total current water usage for the 
study area, not including private wells, is 
estimated at 3.1 bgy (Iowa DNR Water-Use 
Database).  

Figure 12.  Transmissivity distribution within the Ocheyedan River aquifer based on data found in 
Appendix A.
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was found to range from 14 to 1,300 feet/
day, with an arithmetic mean of 355 feet/
day.  The transmissivity of the Ocheyedan 
River aquifer was found to range from 
330 feet2/day west of the City of Everly 
to 36,600 feet2/day at Iowa Lakes Rural 
Water District.  Based on available data, the 
arithmetic mean transmissivity value was 
estimated to be 10,000 feet2/day.  

Potential well yield distribution 
was estimated using the transmissivity 
distribution and one-half the sand and 
gravel thickness.  Potential well yields 
greater than 400 gallons per minute 

(gpm) are found near Spencer, ILRW, 
and OCRWD.  There appears to be areas 
between the City of Everly and OCRWD, 
and along most of the upper Little Sioux 
River, which have potential well yields less 
than 100 gpm.

Figure 13.  Potential well yield in gallons per minute (gpm) based on the transmissivity distribution, 
Figure 6, and one-half the available drawdown.

15



Fetter, C.W., 2001, Applied Hydrogeology, 
Prentice-Hall, Inc. Upper Saddle River, 
NJ, 598 p.

Freeze, R.A, and Cherry, J.A., 1979, 
Groundwater, Prentice-Hall, Inc. 
Englewood Cliffs, NJ, 604 p.  

Gannon, J.M., 2006, Hydrogeologic summary 
report, Hudson wellfield, Garfield Township, 
Sioux County, Iowa, Iowa Department 
of Natural Resources – Iowa Geological 
and Water Survey, unpublished.

Gannon, J.M., 2011, Hydrogeologic Summary 
Report, Iowa Lakes Regional Water 
District-Stony Creek, Iowa Department 
of Natural Resources – Iowa Geological 
and Water Survey.

Gannon, J.M., and Vogelgesang, J.A., 2014, 
Groundwater Availability Modeling for 
the Hudson Aquifer, Sioux County, Iowa, 
Iowa Department of Natural Resources 
– Iowa Geological and Water Survey, 
Open File Report 13-2, 23 p.

Iowa Administrative Code (IAC) 567 
Chapter 52.8

Iowa Department of Natural Resources 
Water-Use Database, available at: 
http://programs.iowadnr.gov/
wateruse, accessed June 2014.

Iowa State University, Mesonet, 2014, 
available at: http://mesonet.agron.
iastate.edu/climodat, accessed May 
2014.

Prior, J.C., 1991, Landforms of Iowa, Iowa 
City, University of Iowa Press, 154 p.

Vogelgesang, J.A., Gannon, J.M., 
and Quade, D.J., 2014, Aquifer 
Characterization and Drought Assessment, 
Rock River Alluvial Aquifer, Iowa 
Department of Natural Resources-Iowa 
Geological and Water Survey, Water 
Resources Investigation Report 9, 43 p.

Witzke, B.J., Ludvigson, G.A., Anderson, 
R.R., Bunker, B.J., Slaughter, M.K., 
Giglierano, J.P., Whitsett, T.M., and 
Bounk, M.J., 1997, Bedrock Geology of 
Northwest Iowa, Digital Geologic Map 
of Iowa, Phase 1, Iowa Department of 
Natural Resources – Iowa Geological 
and Water Survey, Open File Map 97-1.

16

REFERENCES



Pump test data and results

17

APPENDIX A



18



19



20



21



22



23



24



25



26



27



28



29



30





Iowa Geological Survey 
The University of Iowa

300 Trowbridge Hall
Iowa City, Iowa 52242-1585

(319) 335-1575
www.iowageologicalsurvey.org 

http://www.iihr.uiowa.edu/igs



