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Abstract 

Miami Conservancy District analyzed groundwater level records of 55 active observation wells 
in the Great Miami River Watershed. The observation wells are installed in the major aquifer 
settings for the watershed which include buried valley aquifers composed of glaciofluvial sands 
and gravels with interstratified layers of silts and clays and upland aquifers consisting of 
glaciofluvial sediments in clay-rich till and carbonate bedrock. 

Long-term groundwater level records for observation wells in areas of historically high 
groundwater use show stable or rising (recovering) groundwater levels throughout the buried 
valley aquifer system in recent decades. The major exception is the downtown Dayton area 
where groundwater levels over the past 15 years have been declining as a result of widespread 
use of open loop geothermal systems to cool buildings. Groundwater level records for 
observation wells in upland glaciofluvial and carbonate bedrock aquifers show stable 
groundwater levels over the last 15 years.  

Long term groundwater level records at observation wells in buried valley aquifers reflect the 
history of water use in the region characterized by heavy industrial groundwater use during the 
1950s and 1960s, subsequent decline in industrial groundwater use during the 1970s and 
1980s, expansion of public water systems in the Cincinnati suburbs during the 1980s and 
1990s, and the rise of groundwater use for open loop geothermal cooling systems during the 
2000s in the Dayton area.       
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Introduction 

Water in the rivers, streams, and aquifers of the Great Miami River Watershed provides for 
drinking water, wastewater assimilation, thermoelectric power generation, irrigation, industrial 
process water, and aquatic recreation activities. According to Ohio Department of Natural 
Resources (ODNR) water withdrawal statistics, 2014 water use in the Great Miami River 
Watershed was approximately 295 million gallons of water per day. Groundwater from regional 
aquifers comprised about 84% of this water use.  

The Great Miami River Buried Valley Aquifer System is the most productive aquifer system in 
the watershed. The buried valley aquifer consists of layers of sand and gravel mixed with layers 
of silt and clay which fill ancient bedrock valleys that often underlie present-day river valleys. 
The buried valley aquifer system provides drinking water for an estimated 2.3 million residents 
in southwest, Ohio. It also provides water for industry, irrigation, power generation, and sand 
and gravel aggregate for construction. High groundwater yields are sustainable throughout 
much of the buried valley aquifer system, because in many areas the aquifer is hydraulically 
connected to rivers and streams which provide a source of induced recharge near pumping 
wells.  

Observation Well Networks in this Study 

This study looks at seasonal and long term trends in groundwater levels measured in 
observation well networks belonging to The Miami Conservancy District (MCD) and the Ohio 
Department of Natural Resources (ODNR) Division of Water Resources. MCD maintains an 
observation well network of 106 active observation wells in the Great Miami River Watershed. 
ODNR maintains a statewide network of 139 active observation wells 26 of which are in the 
Great Miami River Watershed. For this study, MCD used historic groundwater level 
measurements from 36 active MCD observation wells and 19 active ODNR observation wells. 
Wells selected for this study had at least 10 years of record and well log information on the 
subsurface geology surrounding the well. Active MCD and ODNR observation wells included in 
this study are shown in figure 1. Appendix A provides a table of the observation wells and their 
attribute information.  

Typical Aquifer Settings 

Aquifers in the Great Miami River Watershed are part of the Midwestern Basin and Arches 
Glacial and Carbonate Regional Aquifer System (Casey, 1996). The aquifers of the watershed 
fall into two broad categories: (1) unconsolidated glaciofluvial sediments (sediments derived 
from glacial meltwater streams) that fill buried valleys often underlying present day rivers and 
streams (buried valley aquifer system), and (2) upland areas where groundwater occurs in 
unconsolidated glaciofluvial sediments and bedrock aquifers. Figure 2 shows four of the typical 
aquifer settings for pumping wells present in the watershed.  
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Figure 1 – Map showing locations of observation wells selected for this study.  
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In aquifer setting 1 groundwater occurs in relatively shallow (usually < 150 feet deep) sand and 
gravel aquifers in buried valleys along major rivers and streams. The aquifer is in close 
hydraulic connection with the river providing much of the flow in the river during periods of low 
rainfall and receiving in-flow from the river during runoff events. Interstratified silt and clay layers 
do not act as a barrier to flow between the aquifer and the river. Pumping wells installed in 
aquifer setting 1 will cause river water to flow into the aquifer through a process known as 
induced stream infiltration when groundwater extraction is sufficiently large. Well yields in 
excess of 2,000 gallons of water per minute are possible in aquifer setting 1 (Norris and 
Spieker, 1966; Spieker, 1968). 

In aquifer setting 2, groundwater occurs in sand and gravel aquifers where recharge from 
induced stream infiltration is limited or not available.  In some parts of the buried valley aquifer 
system a major river or stream channel does not overlie the buried valley aquifer. In other 
places, extensive stratified silt and clay layers are present. These layers are thick enough and 
continuous enough to act as a barrier to flow between the river and the aquifer. Pumping wells 
installed in aquifer setting 2 typically do not have as high of a sustainable yield when compared  

 

Figure 2 – Major aquifer types in the Great Miami River Watershed and typical aquifer settings 
(1, 2, 3, and 4) for pumping wells in buried valleys and upland areas. 

to wells in aquifer setting 1. Well yields of up to 1,000 gallons of water per minute are possible in 
aquifer setting 2 (Spieker, 1968). 
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Aquifer setting 3 occurs in upland areas away from the major river and stream valleys. In aquifer 
setting 3, groundwater flows through continuous and discontinuous lenses of glaciofluvial 
sediments in clay-rich till. This aquifer setting is very common for small public water systems 
and private wells. Well yields in aquifer setting 3 are typically much lower than aquifer settings 1 
and 2 but sufficient for small public water systems and residential use.  Water yields of wells 
installed in aquifer setting 3 typically range from 3 to 100 gallons of water per minute (Norris and 
others, 1952; Schmidt, 1982 and 1984; and Walker, 1986).  

Aquifer setting 4 consists of the Silurian carbonate bedrock aquifer in upland areas. The 
carbonate bedrock aquifer is the most productive bedrock aquifer in the Great Miami River 
Watershed. Groundwater occurs in networks of fractures and solution channels through the 
bedrock. Wells installed in aquifer setting 4 are capable of producing anywhere from 10 up to as 
much as 500 gallons of water per minute (Kostelnick, 1983; Schmidt, 1991).  

Seasonal Fluctuations in Groundwater Levels 

Seasonal fluctuations in groundwater levels are largely driven by seasonal variations in 
precipitation, plant evapotranspiration, human water use, and in some cases river and stream 
levels. Figure 3 shows average monthly depths to water measured in MCD observation well   

 

Figure 3 – Average monthly depth to water in well MON00001 in relation to average monthly 
precipitation and potential evapotranspiration (PET) in the Great Miami River Watershed.  

MON00001 in relation to average monthly precipitation and potential evapotranspiration in the 
Great Miami River Watershed. Well MON00001 is installed in aquifer setting 3. The well has a 
depth of 31 feet and the sediments in the unsaturated zone consist of clay-rich till with 
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discontinuous sand and gravel lenses. The well is screened in a sand and gravel lense. 
Average monthly groundwater levels in well MON0001 are highest in the month of March and 
recede during the months of April through September. After the month of September, average 
monthly groundwater levels begin to rise until reaching a peak again in March.  In figure 3, one 
can see the months of April, May, June, and July have the highest monthly averages for 
precipitation, yet groundwater levels in well MON0001 tend to decline during these months. The 
reason has to do with the process of evapotranspiration.  

Evapotranspiration is the process by which water is evaporated from the leaves of plants during 
photosynthesis. Figure 3 shows potential evapotranspiration (PET) is highest during the months 
of May through August. In fact, PET is over half of average monthly precipitation during the 
months of April through October. Precipitation moisture consumed by PET is not available for 
aquifer recharge. Thus, the best months for recharge to the aquifer at well MON0001 to occur 
are the months of November through March. These are the months when average precipitation 
exceeds PET and recharge to the aquifer occurs causing groundwater levels to rise.  

The seasonal rise and fall of groundwater levels at well MON0001 are fairly consistent across 
most aquifer settings throughout the Great Miami River Watershed. Ground water levels at most 
observation wells tend to peak between the months of February and May and reach their lowest 
levels between the months of September and November. However, there is some uniqueness to 
seasonal fluctuations in groundwater levels across the various aquifer settings which are 
discussed below.  

Aquifer Setting 1    

In aquifer setting 1, river and stream flow events as well as monthly precipitation and PET exert 
a strong influence on seasonal fluctuations in groundwater levels. There is a seasonal rise and 
fall in groundwater levels, but the seasonal nature to groundwater level fluctuations is often 
superseded by high river flow (runoff) events which cause groundwater levels adjacent to the 
riverbank to rise and fall throughout the year (see figure 4). Seasonal high water levels occur as 
multiple peaks coinciding with high river flow events. Observation wells in aquifer setting 1 show 
a direct response to precipitation events throughout the year. The rise and fall of groundwater 
levels in response to runoff events tends to be more abrupt than in other aquifer settings.  

Aquifer Setting 2   

Seasonal fluctuations in aquifer setting 2 tend to show the “typical” pattern discussed previously 
rising when monthly PET is low and falling when monthly PET is high (see figure 5). There are 
variations among observation wells in the timing of seasonal ground water levels peaks and 
lows which are likely governed by variations in well depth, geology of the surrounding aquifer 
material, and presence or absence of nearby pumping wells. Differences between the seasonal 
high and low groundwater level are variable among observation wells and are also likely depend 
upon well depth, geology of the surrounding aquifer material, and presence or absence of 
nearby pumping wells. Observation wells in aquifer setting 2 may or may not show a direct 
response to precipitation events depending upon the depth of the well and whether or not 
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Figure 4 – Hydrograph showing how the rise and fall of groundwater levels in observation well 
W-10 is closely aligned with flow in the Great Miami River.  

 

Figure 5 – Hydrograph showing groundwater level fluctuations in observation well BU-32 are 
independent of high flow events in the Great Miami River.  
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the aquifer is under confined or unconfined conditions. Groundwater levels in deep observation 
wells or observation wells in confined conditions often show indirect responses to precipitation 
events reaching seasonal highs weeks to months after wells in aquifer setting 1. Responses to 
individual runoff events are subdued or absent. When the aquifer is confined the influence of 
pumping wells on groundwater levels is magnified.  

Aquifer Setting 3 

Seasonal fluctuations in groundwater levels in aquifer setting 3 are similar to those of aquifer 
setting 2 (see figure 6). Some observation wells will show direct responses to precipitation 
events while other wells will not. There tends to be a well-defined seasonal pattern with 
seasonal groundwater level highs occurring between the months of March and May and 
seasonal groundwater level lows occurring in August through September. Aquifers in setting 3 
may be under confined or unconfined conditions depending upon the geology of the surrounding 
aquifer material.    

Aquifer Setting 4 

Seasonal groundwater level fluctuations in aquifer setting 4 typically show a strong seasonal 
pattern with seasonal groundwater level highs often occurring later in the year than for other 
aquifer settings (see figure 7). In aquifer setting 4 the carbonate bedrock aquifer is often 
overlain by thick unconsolidated glacial and glaciofluvial sediments which often delay the arrival 
of recharge from precipitation events. Groundwater levels in aquifer setting 4 often show indirect 
responses to precipitation events. The aquifer may be under confined conditions magnifying the 
influence of pumping wells. Some of the abrupt rises and falls in groundwater levels shown in 
figure 7 are likely due to increases or decreases in well pumping.  

Long Term Trends in Groundwater Levels 

Groundwater levels in aquifers reflect a dynamic balance between aquifer recharge, storage, 
and discharge. When aquifer recharge exceeds discharge, the volume of water stored in the 
aquifer increases and groundwater levels rise. Contrarily, when aquifer discharge exceeds 
recharge, the amount of water stored in the aquifer decreases and groundwater levels fall. 
When imbalances exist between aquifer recharge, storage, and discharge over long enough 
periods of time, long term upward or downward trends in aquifer storage begin to emerge.     

In order to evaluate long term trends in groundwater levels, MCD examined groundwater level 
records of observation wells in several areas of high historic groundwater use in the buried 
valley aquifer system. For this evaluation, MCD analyzed groundwater level records by 
generating average annual depths to groundwater for each year of record at all observation 
wells used in this study. This process smoothed out seasonal groundwater level fluctuations and 
allowed a better visualization of any long term trends in the record that were present.     

Key focus areas included the buried valley aquifer system in the Hamilton to New Baltimore 
area, Trenton area, the buried valley aquifer between Middletown and Monroe, the area around 
West Carrollton and Moraine, and the downtown Dayton area. Appendices B and C show 
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Figure 6 – Hydrograph showing seasonal fluctuations in groundwater levels measured in 
observation well PRE00022.  

   

Figure 7 - Hydrograph showing seasonal fluctuations in groundwater levels measured in 
observation well SH-5. 
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groundwater level hydrographs for all observation wells in buried valley aquifer settings 1 and 2.  

MCD also examined historic trends in groundwater levels for observation wells in upland 
aquifers. There were numerous wells in aquifer setting 3 but few of the wells had periods of 
record longer than 15 years. Appendix D shows groundwater level hydrographs for all 
observation wells in upland aquifer setting 3. Observation wells in aquifer setting 4 were scarce, 
but MCD was able to analyze records for three observation wells in this aquifer setting. 
Appendix E shows groundwater hydrographs for all observation wells in upland aquifer setting 
4.      

Buried Valley Aquifer System in the Hamilton to New Baltimore Area   

Figure 8 shows the locations of observation wells in the Hamilton to New Baltimore area used in 
this study. The observation wells are all installed in aquifer settings 1 and 2.  

Increased groundwater extraction in the Hamilton and Fairfield area occurred during the 1940s 
as water was needed to support industrial manufacturing during the Second World War. 
According to Spieker (1968), some industries in Cincinnati sought relief from water shortages by 
using groundwater in the Hamilton to New Baltimore are. Public water supply needs also 
increased as the communities of Fairfield and Hamilton grew during the post war era. During the 
1960s Butler County entered into an agreement with Hamilton to provide water to southeastern 
Butler County due to rapid population growth following the construction of I-75 (Butler County 
Water and Sewer Department, 2017).  

Cincinnati, which obtains most of its water supply from the Ohio River, established a wellfield in 
the buried valley aquifer system in the 1970s as a second source of drinking water supply.  

During the 1970s increased groundwater production for public water supplies in the Hamilton 
and Fairfield areas led to a gradual decline in groundwater levels at wells BUT00013, 
BUT00014, BUT00067, and BU-7 (see figure 9). By 1977 average groundwater levels in ODNR 
well BU-7 were nearly10 feet lower than they were in 1948.  

The population of southeastern Butler County grew dramatically during the 1980s and 1990s 
(Forestall, 1995). Hamilton provided water for these growing communities and water production 
increased to meet the growing demand. Groundwater levels at MCD well BU-67 and ODNR 
wells BU-7 and BU-14 continued to gradually decline. However, by the year 2000, the 
downward groundwater level trend in these wells had stabilized.  

Groundwater levels in observation wells are now stable with neither an upward nor downward 
trend. It’s unclear as to what factor or set of factors led to the halt in the groundwater level 
decline. Climatic factors or reductions in water use may have played a role. In any event, a 
balance between aquifer recharge and discharge has been established in the Hamilton to New 
Baltimore area in recent years. 
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Figure 8 – Map showing observation well locations in the buried valley aquifer in the Hamilton to 
New Baltimore area, Ohio.  
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Figure 9 – Hydrograph showing average annual depths to groundwater at observation wells in 
the Hamilton to New Baltimore area, Ohio.  

 Buried Valley Aquifer near Trenton 

Figure 10 shows the locations of observation wells in the Trenton area used in this study. The 
observation wells are all installed in aquifer settings 1 and 2.  

The buried valley aquifer near Trenton splits into two buried valley segments. The northern 
segment diverges from the present-day course of the Great Miami River at Trenton and 
parallels Trenton Rd and North Riverside Drive into New Miami where it rejoins the Great Miami 
River Valley. This portion of the buried valley aquifer does not have access to induced recharge 
from the Great Miami River. Major water users in the area include the Duke Energy Woodsdale 
Generating Station, Southwest Regional Water District’s North Water Treatment Plant, a public 
water system, and the MillerCoors Trenton brewery. The MillerCoors Trenton Brewery began 
production in 1991, the Woodsdale Generating Station opened in 1992, and the Southwest 
Regional Water District began producing drinking water in 1997 (MillerCoors, 2017 and 
Southwest Regional Water District, 2017). In addition to MillerCoors and Southwest Regional 
Water District, there are a number of sand and gravel mining operations in the area which are 
water users.    

Groundwater levels recorded at well BUT00032 go back as far as 1967. Groundwater levels at 
BUT00032 declined throughout the 1970s, 1980s, and 1990s. By the year 2000 average 
groundwater levels were more than 10 feet lower on average than in 1968 (see figure 11). 
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Figure 10 – Map showing the locations of observations wells in the buried valley aquifer near 
Trenton, Ohio.  
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Figure 11 – Hydrograph showing average annual depths to groundwater for observations wells 
in the Trenton area, Ohio.  

 

Groundwater levels recorded at well BU-16 go back to 1982, but show a similar decline as well 
BUT00032 between 1982 and 2000. The lowest average groundwater level occurred in 2000.   

Groundwater levels recorded at well BU-17 only go back to 1992. Similar to wells BUT00032 
and BU-16, average groundwater levels in well BU-17 reached their lowest level in 2000.  

Since the year 2000, average annual groundwater levels at all the three observation wells are 
trending up.  

Its likely reductions in water use are playing a role in the groundwater recovery. For example, 
ODNR water withdrawal data shows MillerCoors reduced groundwater pumping by 271 million 
gallons per year between 2010 and 2014. Southwest Regional Water District and the 
Woodsdale Generation Station reduced groundwater pumping by 119 and 30 million gallons per 
year respectively during the same time period.   

Groundwater levels recorded at well BUT000282 go back to 1992. Average annual groundwater 
levels at the well have been relatively stable showing no upward or downward trend throughout 
the record. The absence of any trend suggests that groundwater pumping in the Trenton area 
has not impacted the buried valley aquifer in the immediate area surrounding the well.  
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Buried Valley Aquifer between Middletown and Monroe  

Figure 12 shows the locations of observation wells in the buried valley aquifer between 
Middletown and Monroe used in this study. The observation wells are all installed in aquifer 
setting 2.  

A southeast to northwest trending tributary buried valley joins the main buried valley aquifer 
system at Middletown, Ohio. The AK Steel Middletown Works is located near the juncture of the 
two buried bedrock valleys. The tributary valley extends southeast from Middletown and joins 
with the Little Miami River Valley near Lebanon. The aquifer in the tributary valley is overlain by 
layers of silt and clay which restricts recharge to the aquifer. Historically, AK Steel (formerly 
Armco Steel) had pumping wells in the tributary valley in close proximity to observation well BU-
3.  Pumping from Armco Steel wells was around 10 million gallons of water per day (mgd) in the 
1960s (Spieker, 1968). Historic depths to water in observation well BU-3 reflect much lower 
groundwater levels throughout the 1950s and 1960s when industrial pumping from Armco Steel 
was active (see Figure 13). Eventually Armco Steel switched to a different water source and 
groundwater levels in BU-3 recovered throughout the 1970s.  

Besides AK Steel, other water users in the buried valley aquifer between Middletown and 
Monroe include the communities of Mason and Monroe and the Lebanon Correctional Institute.  

Increases in water use for public water supply by the communities of Mason and Monroe 
occurred during the 1980s and 1990s. Mason, in particular, experienced rapid growth in 
population and need for water (Aldridge, 1999). The population of Mason grew from 11,450 in   
1990 to 18,850 in 1998. Mason’s water use increased by 264% during those same eight years. 
Depths to groundwater at ODNR well W-5 declined throughout the 1970s,1980s, and 1990s. 
Depths to groundwater at ODNR well BU-3, which had been recovering after Armco Steel 
stopped pumping, began to decline again during the 1980s.  

In 1999, Mason began to purchase water from Cincinnati (City of Mason, 2017). Concern over 
declining groundwater levels in the aquifer near the Mason wellfield was a factor in Mason’s 
decision to purchase water. Production at the Mason wellfield ceased in 2000. Groundwater 
levels at W-5 immediately began to recover and are still trending up. Groundwater levels at BU-
3 have also been trending up since 2000.  
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Figure 12 – Map showing the locations of observation wells in the buried valley aquifer between 
Middletown and Monroe, Ohio.  



 

18 
 

  

 

Figure 13 – Hydrograph showing average annual depths to groundwater for observation wells 
between Middletown and Monroe, Ohio.  

 Buried Valley Aquifer at West Carrollton and Moraine 

Figure 14 shows the locations of observation wells in the buried valley aquifer at West Carrollton 
and Moraine used in this study. The observation wells are all installed in aquifer settings 1 and 
2.  

Groundwater levels recorded at observation well MT-49 go back to 1948 and show average 
annual groundwater levels declined throughout much of the 1950s and 1960s. Average annual 
groundwater levels reached their maximum depth in 1977 over 15 feet below the average level 
in 1948. After 1977, groundwater levels began to recover and in 2016 were almost back to 1948 
levels. The groundwater level record for well MT-55 only goes back as far as 1970, but the trend 
is very similar to well MT-49 (see figure 15).  

The groundwater level recovery in the buried valley aquifer at West Carrollton is most likely due 
to historic reductions in industrial and public water system use. In 1958 groundwater extraction 
in the Moraine and West Carrollton area was reported to be nearly 30 mgd (Norris and Spieker, 
1966). Today, based upon ODNR water withdrawal data, groundwater extraction is estimated at 
4.4 mgd – just a fraction of what it was in 1958.  

The former Moraine GM assembly plant was a large industrial water user which at one time 
extracted groundwater from its own wellfield in Moraine. The plant closed in 2008.  
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Figure 14 – Map showing the locations of observation wells in the buried valley aquifer at West 
Carrollton and Moraine, Ohio.  
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Figure 15 – Hydrograph showing average annual depths to groundwater for observation wells in 
the West Carrollton and Moraine are, Ohio.  

Appleton Papers was another large industrial groundwater user in West Carrollton. In 2010, the 
plant pumped an average of 7.1 mgd. By 2014, groundwater production had been reduced to an 
average of 0.2 mgd.  

Historically, Montgomery County operated wellfields along Dryden Road and Lamme Road in 
Moraine and along the right bank of the Great Miami River near Miami Shores. In 1958, 
Montgomery County was pumping 5.37 mgd from these wellfields for drinking water (Norris and 
Spieker, 1966). None of these wellfields are currently active. In the 1980s, Montgomery County 
began to purchase finished drinking water from the City of Dayton. Today, Montgomery County 
purchases all of its drinking water from the City of Dayton which pumps groundwater from 
wellfields outside of the West Carrollton and Moraine area.   

Buried Valley Aquifer in Downtown Dayton 

Figure 16 shows the locations of observation wells in the buried valley aquifer in downtown 
Dayton used in this study. The observation wells are all installed in aquifer setting 2.  

Groundwater levels recorded at ODNR observation well MT-3 go back to 1948 and show a 
decline in average annual groundwater levels throughout the 1950s and 1960s (see figure 17). 
Average annual groundwater levels measured at MT-3 declined by nearly 40 feet between 1948 
and 1971. In 1971, NCR closed its manufacturing plant in South Dayton. The plant used 
groundwater for manufacturing process water. In 1958, the NCR plant pumped an average of 
6.5 mgd from nine wells along Stewart Street (Norris and Spieker, 1966). When the plant closed 
pumping at the plant wellfield ceased. Groundwater levels began to recover and by 1980  



 

21 
 

 
Figure 16 – Map showing the locations of observation wells in downtown Dayton, Ohio.  
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average annual groundwater levels were higher at MT-3 than they were in 1948 when recording 
at the well began. In the 2000s, a number of buildings in downtown Dayton began to use open 
loop geothermal systems for cooling. Open loop geothermal systems in Dayton pump 
groundwater from a well, run the water through a heat exchanger, and then discharge the water 
into a storm sewer. According to ODNR water withdrawal data, some of the largest geothermal 
water users include Miami Valley Hospital, Sinclair Community College, and Miller-Valentine 
Group which together extracted groundwater at an average rate of 9.0 mgd in 2014.  

Average annual groundwater levels at MCD well MON00426 and ODNR wells MT-3 and MT-6 
began to show a downward trend during the 2000s. The downward trend is most dramatic at 
MON00426 where average annual groundwater levels have fallen by more than 25 feet 
between 2002 and 2016. Average annual groundwater levels at MT-3 and MT-6 declined by 8 to 
11 feet between the same years.  

 

Figure 17 – Hydrograph showing average annual depths to groundwater at three observation 
wells in downtown Dayton where numerous wells began to pump groundwater for open loop 
geothermal cooling systems in the 2000s.   

In 2001, the Five Rivers Fountain of Lights display went into operation at RiverScape MetroPark 
in downtown Dayton. The display consists of five fountains that shoot water about 200 feet high 
and 400 feet across at the confluence of the Great Miami and Mad Rivers. Four of the fountains 
consist of production wells installed in the buried valley aquifer system at depths of around 200 
feet. The wells pump groundwater into the air and allow it to fall into the Great Miami and Mad 
rivers. Each fountain well is capable of pumping around 2,500 gallons of water per minute. The 
fountains operate seasonally from Memorial Day to Labor Day. In season, the fountains operate 
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for 8-minute intervals at the top of the hour, Monday through Friday from 6:56 am – 9:54 pm and 
weekends from 10:56 am – 9:54 pm (Fiver Rivers MetroParks, 2017).  

MCD maintains observation wells in close proximity to the fountains. Observation wells 
MON00006, MON00007, and MON00009 are installed at depths of 207 to 210 feet in aquifer 
setting 2. Figure 18 shows annual average groundwater levels for the three observation wells 
from 2001 through 2016. From the hydrograph, one can see the average annual depth to  

 

Figure 18 – Hydrograph showing average annual depths to groundwater at observation wells 
near the RiverScape fountains in Dayton, Ohio.  

groundwater at each of the three observation wells has remained fairly consistent over the 16-
year period of time between 2001 and 2016. Average annual groundwater levels in 2016 were 
not significantly lower than average annual groundwater levels in 2001. It appears the 
RiverScape fountains are not creating any long-term declines in groundwater levels in the 
buried valley aquifer near the RiverScape MetroPark.  

Upland Aquifers 

Figure 19 shows the location of observation wells in upland aquifer setting 3. The wells are 
distributed throughout much of the watershed in Clark, Miami, Montgomery, Preble, and Shelby 
Counties.  

Hydrographs for observation wells in upland aquifer setting 3 are shown in Appendix D. The 
hydrographs show average annual groundwater levels for observation wells in upland aquifer 
setting 3 have been stable throughout the watershed for the time period of 2001 through 2016.   
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Figure 19 – Map showing the locations of observation wells in aquifer setting 3.  
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Figure 20 – Map showing the locations of observation wells in aquifer setting 4. 



 

26 
 

Carbonate Bedrock Aquifers 

Figure 20 shows the locations of observation wells in upland aquifer setting 4. There are only 
three observation wells included in this study installed in this aquifer setting.  

Hydrographs for observation wells in upland aquifer setting 4 are shown in Appendix E. The 
hydrographs show average annual groundwater levels for the three observation wells have 
been stable in recent years. The period of record for observation well SH-5 goes back to 1993 
and shows a very gradual rise in average annual depth to groundwater from around 68 feet in 
1993 to 60 feet in 2016.  

Conclusions 

Historic groundwater levels in observation wells throughout the buried valley aquifer system 
between Fairfield and Dayton reflect the history of groundwater use from the regions booming 
post World War II manufacturing economy during the 1950s, expansion of public water systems 
in suburbs during the 1970s through 1990s, subsequent decline in industrial groundwater use 
during the 1970s through 1990s, and finally the growth of groundwater use for open loop 
geothermal heating and cooling systems in Dayton during the 2000s. 

Groundwater levels declined at some but not all observation wells in the buried valley aquifer 
system during the post WWII decades of the 1950s, 1960s, and 1970s as water from the aquifer 
system was needed to support manufacturing and the expansion of public water systems in the 
Cincinnati suburbs. Observation wells installed in buried valley aquifer setting 2 tended to show 
the largest declines in groundwater levels.  

In Butler County, groundwater levels in the buried valley aquifer continued to decline throughout 
the 1980s and 1990s in some observation wells as the population of the county grew and public 
water systems expanded to accommodate the growth. However, groundwater levels in the 
Dayton area began to recover from previous record low levels as industrial groundwater use in 
the region declined.  

By the decade of the 2000s, groundwater levels throughout the buried valley aquifer system in 
the Great Miami River Watershed had stabilized or were recovering. An exception was the 
downtown Dayton area where some buildings began to use groundwater in open loop 
geothermal systems for cooling. Some observations wells in the buried valley aquifer beneath 
the downtown Dayton area show downward trends in average annual groundwater levels 
between 2002 and 2016.  

Observation wells in upland aquifer settings 3 and 4 generally show stable groundwater levels 
over the last 15 years.  

Figure 21 shows a summary of recent groundwater level trends for all of the observation wells 
included in this study.      
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Figure 21 – Map summarizing recent trends in groundwater levels at observation wells included 
in this study.   
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Appendix A. Attribute information for observation wells.   

Well ID  Network 
Well Depth 

(feet) 
Aquifer 
Lithology  Aquifer Setting 

BUT00013  MCD  154  Sand and Gravel  1 

BUT00014  MCD  107  Sand and Gravel  1 

BU‐16  ODNR  218  Sand and Gravel  2 

BU‐17  ODNR  212  Sand and Gravel  2 

BU‐18  ODNR  210  Sand and Gravel  2 

BUT000282  MCD  74  Sand and Gravel  1 

BU‐3  ODNR  250  Sand and Gravel  2 

BUT00032  MCD  236  Sand and Gravel  2 

BUT00067  MCD  60  Sand and Gravel  1 

BU‐7  ODNR  176  Sand and Gravel  2 

CL‐11  MCD  180  Sand and Gravel  1 

CL‐7  ODNR  50  Sand and Gravel  1 

CLA00001  MCD  72  Gravel  3 

CLA00002  MCD  93  Gravel  3 

CLA00012  MCD  200  Limestone  4 

CLA00013  MCD  154  Gravel  3 

CLA00014  MCD  197  Sand and Gravel  3 

CLA00018  MCD  50  Gravel  3 

CLA00019  MCD  315  Limestone  4 

H‐1  ODNR  124  Sand and Gravel  1 

H‐2  ODNR  89  Sand and Gravel  1 

H‐4  ODNR  100  Sand and Gravel  1 

MI‐3A  ODNR  130  Sand and Gravel  1 

MIA00004  MCD  140  Gravel  3 

MIA00006  MCD  199  Gravel  3 

MIA00008  MCD  86  Sand and Gravel  3 

MIA00014  MCD  38  Sand and Gravel  3 

MIA00015  MCD  154  Gravel  3 

MIA00020  MCD  119  Sand and Gravel  3 

MON00001  MCD  31  Sand and Gravel  3 

MON00006  MCD  207  Sand and Gravel  2 

MON00007  MCD  210  Sand and Gravel  2 

MON00009  MCD  210  Sand and Gravel  2 

MT‐3  ODNR  80  Sand and Gravel  2 

MT‐426  MCD  198  Sand and Gravel  2 

MT‐49  ODNR  220  Sand and Gravel  2 

MT‐55  ODNR  89  Sand and Gravel  1 

MT‐6  ODNR  60  Sand and Gravel  2 
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Well ID  Network 
Well Depth 

(feet) 
Aquifer 
Lithology  Aquifer Setting 

MT‐73  MCD  95  Sand and Gravel  1 

MT‐74  ODNR  100  Sand and Gravel  2 

PR‐2A  ODNR  65  Sand and Gravel  2 

PRE00001  MCD  60  Sand and Gravel  3 

PRE00003  MCD  105  Sand and Gravel  3 

PRE00008  MCD  80  Sand and Gravel  3 

PRE00010  MCD  45  Gravel  3 

PRE00011  MCD  37  Sand and Gravel  3 

SH‐5  ODNR  300  Limestone  4 

SHE00037  MCD  50  Gravel  3 

SHE00045  MCD  87  Sand and Gravel  3 

SHE00046  MCD  126  Gravel  3 

SHE00054  MCD  104  Sand and Gravel  3 

SHE00088  MCD  90  Gravel  3 

W‐10  MCD  51  Sand and Gravel  1 

W‐5  ODNR  121  Sand and Gravel  2 
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Appendix B. Hydrographs for observation wells in buried valley aquifer setting 1.  
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Appendix C. Hydrographs for observation wells in buried valley aquifer setting 2.  
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Appendix D. Hydrographs for observation wells in upland aquifer setting 3.  
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Appendix E. Hydrographs for observation wells in upland aquifer setting 4.  

 

 

 


