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Abstract 

The 2014 Water Data report summarizes the water data collected by the Miami Conservancy 

District (MCD) and its partner organizations in the Great Miami River Watershed during 2014. 

MCD and partner organizations operate and maintain an extensive hydrologic monitoring 

system. The system tracks annual trends in precipitation, runoff, and groundwater levels and 

changes to the balance of the hydrologic system of the watershed. As water moves within the 

Great Miami River Watershed, it comes into contact with natural and human-caused sources of 

contaminants. MCD tracks water quality parameters to provide baseline information and trend 

analysis for management programs. Nutrients, in the form of nitrogen and phosphorus, are one of 

the most significant types of human-caused contaminants found in surface water and 

groundwater.  

 

Water Quantity 
 

The mean annual precipitation for 2014 was 39.05 inches, exactly matching the long-term mean. 

Runoff was estimated at 15.76 inches, which is considered above normal.   

 

The annual groundwater recharge was estimated at 7.88 inches. This is 0.19 inches below the 

long-term mean. Groundwater levels and streamflow records reflect that aquifers received most 

of their recharge between late February and early June. Groundwater levels in the aquifers began 

the year at normal to slightly above normal levels and finished the year at normal to slightly 

below levels. The 2014 water budget shows a small net loss in water storage in aquifers of the 

Great Miami River Watershed.  

 

Water Quality 
 

The nutrient loads measured in rivers of the Great Miami River Watershed were below average 

when compared with loads measured in previous years. Seasonal variations in total nitrogen, 

total phosphorus, and orthophosphate were driven by runoff processes and low flow conditions. 

Nutrient concentrations calculated from data collected in 2014 exceeded the proposed Ohio 

Environmental Protection Agency (OEPA) target levels at all five nutrient monitoring stations. 

The monitoring station located on the Stillwater River recorded the highest total nitrogen yield of 

all five stations, while the monitoring station located on the Great Miami River near Fairfield 

recorded the highest total phosphorus yield.  

 

To increase understanding of the water quality of the buried valley aquifer system, MCD 

analyzed samples at several groundwater observation wells. The groundwater was analyzed for a 

range of compounds including major ions, metals, pesticides, radionuclides, polychlorinated 

biphenyls (PCBs), volatile organic compounds (VOCs), and semivolatile organic compounds 

(SVOCs). Drinking water standards were met at all but two locations. While results of this 

groundwater sampling event do not necessarily reflect conditions throughout the entire buried 

valley aquifer system, the information contributes to the knowledge of groundwater conditions. 
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BACKGROUND 

MCD is a conservancy district, which is a political 

subdivision of the State of Ohio. MCD works as a regional 

government agency throughout the 15-county Great Miami 

River Watershed.  Formed in 1915, MCD provides flood 

protection, water resource monitoring and information, and 

recreational opportunities. MCD operates automated and 

observer precipitation stations and an extensive stream 

gaging network to record stream stage and calculate stream 

flow. MCD has operated the stream gaging network with the 

U.S. Geological Survey (USGS) under a cooperative 

agreement since 1931. Partnering with a variety of federal, 

state, and local governments, MCD also conducts surface water and groundwater quality and 

quantity studies.  

 

For more information on the current programs of MCD, visit www.MCDWater.org.  

Water Resources in the Great Miami River Watershed 
 

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 the Ohio Department of Natural 

Resources (ODNR), 2013 water use in the Great Miami River Watershed was approximately 292 

million gallons of water per day. About 84 percent of this water was groundwater and came from 

regional aquifers. The most productive and important of these aquifers is the buried valley 

aquifer system.    

 

With headwaters near Indian Lake, the Great Miami River flows 170 miles southwest to its 

confluence with the Ohio River west of Cincinnati. The Great Miami River Watershed drains all 

or parts of 15 counties and also includes the Stillwater and Mad rivers and Twin, Wolf and 

Sevenmile creeks (Figure 1). The total drainage area of the Great Miami River Watershed in 

Ohio is 3,946 square miles; the entire watershed, including the Whitewater River in Indiana, 

drains 5,371 square miles.  

 

The Great Miami River Watershed boasts some of the highest quality aquatic biological 

communities in Ohio. The Stillwater River is designated as a Scenic River and stretches of the 

Stillwater River and Greenville Creek, a tributary to the Stillwater, meet exceptional warmwater 

habitat criteria (Ohio Environmental Protection Agency, 2001).  Twin Creek and portions of the 

Upper Great Miami River are designated as meeting exceptional warmwater habitat criteria 

(Ohio Environmental Protection Agency, 2007, 2011, and 2013a). The exceptional warmwater 

habitat designation is reserved for those streams in Ohio that support ñunusual and exceptionalò 

assemblages of aquatic organisms. Most of the Great Miami River Watershed is designated as 

warmwater habitat meaning the streams and rivers support the ñtypicalò warmwater assemblage 

Great Miami River Watershed 

http://www.mcdwater.org/
http://www.mcdwater.org/
http://www.miamiconservancy.org/water/watershed_what.asp
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of aquatic organisms that are expected to be found given the regional climate, hydrology, and 

land use.  

Buried Valley Aquifer 
 

The buried valley aquifer system is the most important aquifer in southwestern Ohio because of 

its abundant supply of high-quality groundwater. This system consists of highly permeable sand 

and gravel deposits as thick as 200 feet that can store a great deal of groundwater. The system 

underlies the river and streambeds, allowing plenty of opportunity for groundwater recharge. 

This essentially makes the aquifer a renewable resource.  The buried valley aquifer is a valuable 

natural resource and managing it wisely will ensure the aquifer continues to support and enhance 

the regionôs economy and quality of life. Highlights include:  

 

¶ Total aquifer storage of approximately 1.5 trillion gallons of groundwater. 

¶ Principal drinking water source for an estimated 1.6 million people. 

¶ Yields in excess of 2,000 gallons of water per minute are possible in wells near large streams.  

¶ Much of the groundwater maintains a constant temperature of 56 degrees Fahrenheit. 

 

The United States Environmental Protection Agency (U.S. EPA) designated the buried valley 

aquifer as a sole source aquifer in 1988. A sole source aquifer designation applies only to 

aquifers that serve as the sole or principal source of drinking water for an area. This designation 

signifies that contamination of the aquifer would create a significant hazard to public health. As a 

result of this designation, all federally funded projects constructed near the aquifer, and its 

principal recharge zone, are subject to U.S. EPA review. This ensures that projects are designed 

and constructed in a manner that does not create a significant hazard to public health.  
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Figure 1 ï Counties located within the Aquifer Preservation Subdistrict  
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Hydrogeologic Setting 
 

The types of geologic deposits in a watershed and their distribution are important in determining 

how water is transported through the system and the amount and types of dissolved minerals in 

the water (Debrewer et al., 2000). The climate and geology of the region influence many of the 

physical properties of the landscape such as soil type, topography, runoff, and the quality of 

surface water and groundwater. 

 

The Great Miami River Watershed includes parts of 15 counties in Ohio and two in Indiana. The 

watershed lies almost entirely within the Till Plains section of the Central Lowland 

physiographic province (Fenneman, 1938). With the exception of a few areas near the Ohio 

River, the entire watershed was affected by Pleistocene glaciations. Multiple advances and 

retreats of Pleistocene glaciers left behind a landscape characterized by a flat to gently rolling 

land surface that is cut by steep-walled river valleys of low to moderate relief. Land-surface 

altitudes range from 1,550 feet above mean sea level in the northern parts of the watershed to 

450 feet at the confluence of the Great Miami River with the Ohio River in Hamilton County, 

Ohio. 

 

The Great Miami River Watershed has a temperate continental climate characterized by well-

defined seasons and large annual temperature variations from summer to winter. Tropical air 

masses from the Gulf of Mexico and the Western Atlantic Ocean are the main source of moisture 

to the region. Frequent thunderstorms occur in the watershed as tropical air masses from the Gulf 

of Mexico move northeast and collide with arctic air masses moving south (Indiana Department 

of Natural Resources, 1988; U.S. Geological Survey, 1991). Since the Gulf of Mexico is the 

source of most of the moisture delivered to the watershed, mean annual precipitation is slightly 

higher in the south due to its closer proximity to the Gulf.   

 

The geology of the Great Miami River Watershed consists of unconsolidated Pleistocene glacial 

deposits, predominantly Wisconsinan and Illinoian in age, overlying a thick sequence of older 

limestones and shales of Devonian, Silurian, and Ordovician age (Klaer & Thompson, 1948; 

Norris & Spieker, 1966). The thickness of glacial deposits generally decreases from northern 

portions of the watershed to the south. In southwestern Ohio, the Till Plains section consists of 

broad areas of ground moraine interspersed with small curvilinear ridgelines called end moraines 

that mark former glacial margins. The major river valleys tend to be partially filled in with thick 

sequences of sand and gravel mixed with layers of silt and clay. 

 

The Cincinnati Arch is the dominant bedrock structural feature in southwestern Ohio. The axis of 

the Cincinnati Arch runs southeast to northwest through extreme southern portions of the Great 

Miami River Watershed. Bedrock to the north of the axis has a slight north-northwest dip of 5 to 

10 ft/mi (feet per mile). The Cincinnati Arch is thought to be an area of emergent land near the 

end of the Paleozoic Era that was subjected to erosion and dissection by streams. This period of 

erosion removed many of the younger rock units from the center of the arch leaving older rock 

units exposed at the surface.  

 

The Teays River Valley is another significant geologic feature of southwestern Ohio. The Teays 

River Valley consists of a series of buried valleys that reflect ancient drainage networks carved 

http://www.mcdwater.org/
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out by the Teays River and its tributaries prior to the glaciations of the Pleistocene. The Teays 

River originated in North Carolina and entered Ohio near Portsmouth where it flowed north and 

then northwest across Clark, Champaign, Logan, Shelby, and Mercer Counties before entering 

Indiana and Illinois. The present-day course of the Great Miami River generally follows one of 

the ancient tributary valleys to the Teays.    

Aquifers 
 

Major aquifer systems within and surrounding the Great Miami River Watershed include sand 

and gravel buried valley aquifers; carbonate bedrock aquifers; and water-bearing sand and gravel 

lenses within overlying glacial till later referred to as upland glacial sediment aquifers. Of these 

major aquifer systems, the buried valley aquifer system, which is associated with the Great 

Miami River and its principal tributaries, is the most productive groundwater resource in Ohio 

(Ohio Department of Natural Resources, 1999) (Figure 2). This large aquifer system provides 

potable water for many communities within the Great Miami River Watershed. The buried valley 

aquifer system consists of highly permeable sand and gravel deposits that fill, or partially fill, 

preglacial river valleys. 

Land Use 
 

Most of the Great Miami River Watershed lies within the Eastern Corn Belt Plains Ecoregion 

which is characterized by rolling till plains with local moraines; rich soils; and extensive corn, 

soybean, and livestock production. Extreme southern portions of the watershed in Hamilton 

County lie within the Northern Bluegrass Ecoregion characterized by more rugged and deeply 

dissected terrain featuring woodlands and hay, grain, cattle, hog, and poultry farming. Much of 

the land in the Great Miami River Watershed was once covered with beech forests, elm/ash 

swamp forests, and some oak/sugar-maple forests.  

 

According to the 2011 National Land Cover Database (see Table 1), agriculture is the dominant 

land use of the Great Miami River Watershed comprising about 68 percent of the land. Most of 

the remaining land is either developed (17.8 percent) or forested (11.5 percent) (see Figure 3). A 

comparison between 2001 and 2011 shows a 0.5-percent increase in developed land and a similar 

magnitude decrease in agricultural land.  

 
Table 1 Comparison of land cover in the Great Miami River Watershed between 2001 and 2011 
National Land Cover Database 

Land Cover 2001  2011  

Open Water 0.98% 1.01% 

Developed 17.32% 17.82% 

Forested 11.55% 11.54% 

Agricultural (Crops, Pasture, and Hay) 68.57% 68.04% 

Wetlands 0.27% 0.26% 

Other 1.31% 1.33% 

 

http://www.mcdwater.org/
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Most of the cropland is planted in corn, soybeans, and wheat. Hogs, pigs, and cattle are the main 

livestock raised in the watershed (Debrewer et al., 2000). Tile drainage systems are common in 

poorly drained areas of the watershed and cover large portions of Shelby and Darke counties 

where the clay content of soils is high. Surface drainage systems consisting of ditches and grass 

swales are also common.  

  
Figure 2 ï Great Miami River Watershed and the Buried Valley Aquifer   

  

 

 
  

http://www.mcdwater.org/


2014 Water Resources Report for the Great Miami River Watershed 7 
 

www.MCDWATER.org 

Figure 3 ï Land cover in the Great Miami River Watershed 
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WATER QUANTITY 

The Water Cycle 
 
To track long-term changes in water availability in the Great Miami River Watershed, a 

cooperative partnership between USGS and MCD measures precipitation, runoff, and 

groundwater levels. These measurements are collected and stored as a long-term record of 

hydrologic conditions in the watershed. These records are useful for comparing current 

hydrologic measurements with historical measurements and analyzing trends of water entering 

and leaving the watershed as well as trends in aquifer levels. The information can be used for 

planning related to water supply, flood protection, construction, agriculture, commerce, and 

industry.  

 

Precipitation falls on the land surface of the Great Miami River Watershed as rain, snow, or ice. 

Some of this precipitation evaporates or sublimates and returns to the atmosphere as water vapor. 

The water vapor cools, condenses, and forms clouds which may travel long distances away from 

southwestern Ohio. Some of the precipitation flows by gravity toward streams and rivers and 

becomes surface runoff which eventually reaches the Great Miami River. Some of the 

precipitation infiltrates the ground and percolates through the soil until it reaches the water table. 

This water provides recharge to the aquifers and helps sustain the groundwater resources in the 

Great Miami River Watershed. 

 

Some of the water stored in aquifers remains underground and in storage for a long period of 

time. Some of the precipitation that reaches the aquifer does not remain in storage for very long.  

This water stays close to the ground surface and seeps into nearby streams or rivers as base flow. 

As a result, some of the streams and rivers in the Great Miami River Watershed are able to 

sustain flow, even during periods of prolonged drought, because the underlying buried valley 

aquifer provides base flow to the streams and rivers.  

 

The sections that follow present a summary of estimated water inflows, outflows, and changes in 

water storage for the Great Miami River Watershed upstream of the Hamilton stream gaging 

station, an area of some 3,630 square miles.  

Precipitation Monitoring 
 
MCD measures precipitation throughout the Great Miami River Watershed. The data is provided 

to the National Weather Service to assist with climatic assessments and flood forecasting. The 

data is also analyzed in conjunction with groundwater level data to better understand how 

precipitation affects the water stored in the buried valley aquifer.  

 

To collect this data, MCD operates two precipitation networks; manual observers and automated 

tipping bucket rain gages. The manual observer network is staffed by MCD staff and citizens 

who record daily rainfall at 42 stations within the Great Miami River Watershed. A majority of 

the MCD manual observer stations have standard National Oceanic and Atmospheric 

Administration (NOAA) National Weather Service rain and snow gages. In addition, nine of 

these stations are equipped with recording gages, which graphically record the time and duration 

http://www.mcdwater.org/
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of rainfall. This data is also used by NOAA to help develop the rainfall frequency atlas for the 

Midwest, and monthly Climatological Data reports for Ohio. Twenty-eight of MCDôs manual 

observer stations data have at least 75 years of record. The station in Urbana has the longest 

period of recorded data ð133 years. These long records are important for understanding 

environmental trends and for use in resource planning.  

 

The second precipitation network consists of 14 tipping bucket rain gages that automatically 

record and transmit accumulated rainfall data. The tipping bucket rain gages are co-located with 

stream gages and equipped with Geostationary Orbiting Environmental Satellite (GOES) 

telemetry (see Figure 4).  

2014 Precipitation in the Great Miami River Watershed 
 

Annual precipitation in 2014 was normal. An average of 39.05 inches of precipitation fell across 

the Great Miami River Watershed in 2014, which matches the mean of record.  Recalculated 

every 10 years, the mean of record represents the long-term average annual precipitation total for 

the watershed. The most recent recalculation of the mean included all of the station precipitation 

records up to and including the year 2009. The mean of record for the Great Miami River 

Watershed is currently 39.05 inches (see Appendix A, Precipitation Data).  

   

The monthly precipitation pattern for 2014 was characterized by near normal winter precipitation 

followed by above normal spring and early summer precipitation. The year 2014 closed out with 

below normal precipitation during the fall. Figure 5 illustrates the monthly precipitation and 

accumulated monthly precipitation for the Great Miami River Watershed during 2014, as 

compared to the long-term mean.  

 

The highest annual precipitation measured at an observer station in 2014 (46.68 inches) was 

recorded at the Centerville station and the lowest (34.09 inches) was recorded at the Lakeview 

station (see Appendix A, Precipitation Data).  

 

Monthly precipitation totals for April  and June 2014 were significantly above normal. Monthly 

precipitation totals for January, March, July, September, October, and November, were below 

normal. April  was the wettest month and averaged 5.97 inches of precipitation across the 

watershed. September was the driest month and averaged 1.83 inches of precipitation. No 

monthly precipitation record highs or lows were set for the Great Miami River Watershed in 

2014 (see Figure 6).   

 

Annual precipitation totals for the Great Miami River Watershed going back to 1915 are shown 

in Figure 7. Annual precipitation exceeded the long-term mean for the Great Miami River 

Watershed in 17 of the 25 years from 1990 to 2014. The two highest annual precipitation totals 

ever recorded for the watershed occurred during this time interval in 1990 and 2011. The decade 

of the 2000s has the highest mean annual precipitation for the Great Miami River Watershed in 

comparison to other decades since recording of annual precipitation in the watershed began (see 

Figure 8).  

 

  

http://www.mcdwater.org/
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Figure 4 ï Location of MCDôs precipitation network 
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Figure 5 ï 2014 monthly precipitation and accumulated monthly precipitation  

 
 
Figure 6 ï 2014 monthly precipitation totals compared with monthly means, record highs, and 
record lows 
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Figure 7 ï Average annual precipitation  

 

Figure 8 ï Mean annual precipitation  
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Monitoring Runoff, Streamflow, and Groundwater Recharge  
 

MCD operates an extensive stream gaging network within the Great Miami River Watershed to 

record stream stage and calculate stream flow (see Figure 9).  The network consists of 25 

automated stream gages maintained through a cooperative partnership with USGS. All 25 stream 

gages are equipped with GOES telemetry. The GOES telemetry systems allow MCD, USGS, and 

the National Weather Service to receive real-time stream stage, discharge, and precipitation data. 

MCD staff maintains the stream gages and makes discharge measurements for establishing rating 

curves. The USGS processes the data from the gages, prepares rating curves and tables, and 

computes records for publication in state and federal reports. These public records provide 

surface water levels and stream flow data (discharge) to any interested party via the National 

Water Information System (NWIS) website at http://waterdata.usgs.gov/nwis. In addition to 

USGS, the U.S. Army Corps of Engineers, the National Weather Service, and Dayton Power and 

Light Company are cooperative partners on one or more of the 25 gages.  

 

MCD also maintains recording gages on the downstream side of MCD flood protection dams and 

a network of non-recording crest stage, wire weight, and staff gages, which are used to measure 

water surface elevations during storm events.  

 

The National Weather Serviceôs Ohio River Forecast Center uses the stream gaging network for 

the Great Miami River Watershed to forecast peak stream flows and provide flood warnings to 

communities during large runoff events. Daily monitoring of the remote gages by MCD staff 

ensures gage reliability and accuracy during significant storm events.  

 

http://www.mcdwater.org/
http://waterdata.usgs.gov/nwis
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Figure 9 ï Location of stream gaging stations 

http://www.mcdwater.org/
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2014 Runoff in the Great Miami River Watershed 
 
Overall, 2014 annual total stream runoff was above the mean annual runoff at eight of the 13 

gaging stations. Data from 13 of the 25 stream gaging stations was used to assess total stream 

runoff in the Great Miami River Watershed (see Figure 10). Total stream runoff is comprised of 

both surface runoff and base flow. The Holes Creek gaging station recorded the highest 2014 

runoff total in the Great Miami River Watershed at 21.09 inches while the stream gage on 

Loramie Creek near Newport recorded the lowest runoff total at 12.13 inches (see Appendix B, 

Summary of Precipitation, Runoff, & Base Flow Data).  

 

The gaging station at Hamilton measures runoff for the portion of the Great Miami River 

Watershed upstream of Hamilton (see Figures 10 and 11). This station is the furthest downstream 

station managed by MCD and is the closest stream gaging station to the mouth of the Great 

Miami River. As mentioned previously, the Great Miami River Watershed upstream of the 

Hamilton stream gaging station drains 3,630 square miles. MCD estimates 2014 total stream 

runoff for this area at 15.76 inches which is 2.49 inches above the mean for the gage period of 

record.  

How Runoff is Computed 
 

A USGS software program called PART is used by MCD staff to compute total runoff, surface 

runoff, and base flow from the streamflow records of the 13 gaging stations in the Great Miami 

River Watershed network listed in Appendix B. PART uses streamflow partitioning to estimate a 

daily record of base flow from the streamflow record (Rutledge, 1998). The software scans the 

period of record for days that fit a requirement of antecedent recession, designates groundwater 

discharge to be equal to streamflow on these days, and linearly interpolates the groundwater 

discharge on days that do not fit the requirement of antecedent recession.  

 

This method of analysis is appropriate if all or most of the groundwater in a watershed 

discharges to a stream and if a stream gaging station at the downstream end of the watershed 

measures all or most outflow. Regulation and diversion of streamflow should be negligible and 

the watershed should be characterized by areally diffuse recharge events that are roughly 

concurrent with peaks in streamflow. These conditions are likely met for 13 of the 25 stream 

gaging stations in the Great Miami River Watershed with drainage areas of between 1 and 500 

square miles.   

  

Because the drainage area for the Great Miami River at the Hamilton gaging station greatly 

exceeds 500 square miles, there is a concern as to whether or not the runoff analysis by PART is 

appropriate for the streamflow record at this gage. MCD staff compared runoff computations 

from PART with manual runoff computations to compare if there was reasonable agreement 

between the methods. MCD staff computed total runoff by summing mean daily discharges for 

the entire year to get a total annual discharge in cubic feet. Total annual discharge was converted 

into inches of runoff by the following equation:  

 

Inches of Runoff = [Total Annual Discharge (ft
3
) / Drainage Area (ft

2
)] * 12 in/ft  

http://www.mcdwater.org/
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Figure 10 ï Location of stream gaging stations used to compute runoff  
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This calculation yielded a total runoff of 15.76 inches for the Great Miami River at Hamilton in 

2014. In comparison, the analysis using PART generated a total runoff of 15.76 inches.  

2014 Surface Runoff 
 

In general, surface runoff was slightly below normal at most gaging stations in 2014 (see 

Appendix B, Summary of Precipitation, Runoff, & Base Flow Data). The Holes Creek gage 

recorded the highest surface runoff when compared with the other gaging stations, measuring 

14.86 inches of surface runoff in 2014. The lowest surface runoff was recorded at the gaging 

station on the Mad River near Urbana, with an annual surface runoff of 1.91 inches. The 

watershed upstream of the Holes Creek gaging station is highly urbanized and contains a high 

percentage of impervious surfaces. Precipitation tends to be routed into storm drains and into 

Holes Creek as surface runoff. In contrast, the Mad River upstream of the Urbana gaging station 

is characterized highly permeable soils which formed on top of buried valley aquifers. 

Precipitation tends to infiltrate the soil, move downward, and enter the saturated zone in the 

aquifer. This process reduces surface runoff.  

To estimate surface runoff for the entire Great Miami River Watershed upstream of the Hamilton 

gaging station, MCD staff compared surface runoff estimates using PART analysis of the 

Hamilton gaging station streamflow record with surface runoff estimates using PART analysis of 

eight upstream gaging station streamflow records (see Figure 11). The eight upstream gaging 

stations all have drainage areas of less than 550 mi
2
 and meet the remaining criteria for analysis 

by PART.  

 

MCD staff used PART analysis of the streamflow record at the Hamilton gaging station to 

compute total runoff and base flow runoff for 2014. Surface runoff for 2014 was estimated by 

subtracting base flow runoff from total runoff. PART analysis of the streamflow record for the 

Hamilton gaging station yielded an estimate of 7.93 inches for surface runoff in 2014.   

 

For PART analysis of the upstream gage streamflow records, MCD staff used PART to compute 

total runoff and baseflow runoff. Surface runoff was estimated by subtracting base flow runoff 

from total runoff for each gage. MCD staff then estimated surface runoff for the entire drainage 

area upstream of Hamilton by computing an average 2014 surface runoff of the eight upstream 

gages weighted by the drainage area of each gage. The result yielded an estimate of 6.61 inches 

for surface runoff in 2014.  

 

A comparison of the two calculations shows reasonable agreement, so the analysis of the 

Hamilton streamflow record using PART appears valid. For the purpose of this report, a surface 

runoff of 7.93 inches is used which is 1.57 inches above the mean annual surface runoff (6.36) 

inches) for the Hamilton gage period of record. Surface runoff contributed about 50 percent of 

the total runoff measured at the Great Miami River at Hamilton gage in 2014.  

2014 Base Flow Runoff 
 

Annual base flows exceeded the period-of-record mean annual base flow at 10 of the 13 stream 

gaging stations in 2014 (see Appendix B, Summary of Precipitation, Runoff, & Base Flow Data). 

Base flow is the portion of flow in a stream that is derived from groundwater and wastewater 
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discharges from industrial and municipal wastewater treatment plants. The stream gaging station 

recording the highest 2014 base flow (14.97 inches) was the Mad River at Urbana. The stream 

gaging station with the lowest 2014 recorded base flow (3.26 inches) is located on Loramie 

Creek near Newport.  

 
Figure 11 ï Drainage areas of stream gaging stations used to compute runoff  
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PART analysis of the Hamilton gage streamflow record resulted in a base flow runoff estimate of 

7.83 inches for 2014. A weighted average of PART base flow estimates for the eight upstream 

gages yielded a base flow estimate of 7.21 inches. Comparison of the two estimates shows 

reasonable agreement, so PART analysis of the Hamilton gage streamflow record appears valid. 

For the purpose of this report, a 2014 base flow runoff of 7.83 inches is used for the drainage 

area upstream of the Hamilton gage. This estimate for base flow runoff is 0.92 inches above the 

mean annual base flow runoff (6.91 inches) for the gage period of record. Base flow contributed 

about 50 percent of the total runoff that was measured at Hamilton in 2014.   

 

A base flow index was computed for each of the stream gages that are listed in Appendix B. The 

base flow index is computed by dividing mean annual base flow runoff by mean annual total 

runoff. The Mad River gaging stations at Springfield, Eagle City and Urbana and the 

Bokengahalas Creek gaging station at De Graff have significantly higher base flow indices than 

other stations. Higher base flow indices for the Mad River and Bokengahalas Creek gaging 

stations are the result of the inflow of groundwater from the buried valley aquifer into the river 

or stream channel. Base flow indices in other areas of the Great Miami River Watershed vary 

widely (see Figure 12).  

Trends in Annual Runoff 
 

The mean annual runoff at Hamilton gaging station, for the 87 years that the station has existed, 

is 13.27 inches. The annual runoff at Hamilton exceeded the mean annual runoff of 13.27 inches 

for eight consecutive years from 2001 through 2008 (see Figure 13). A Mann-Kendall trend 

analysis was performed on the annual runoff data (Helsel, 1992). The results suggest there is an 

increasing trend in annual runoff for the Great Miami River during the time period of 1928 to 

2014.  

2014 Flow in the Great Miami River at Hamilton 
 
The highest mean daily flow recorded at the stream gaging station in 2014 on the Great Miami 

River at Hamilton was 40,700 cubic feet per second (cfs). This flow was recorded on April  4.  

The lowest 2014 mean daily flow at Hamilton was 660 cfs recorded on October 2. The mean 

daily flow for the Great Miami River at Hamilton in 2014 was 4,213 cfs. The period of record 

mean daily flow for the Great Miami River at Hamilton is 3,545 cfs.  

 

The Hamilton stream gaging station has a sufficient period of record to look at trends in five-year 

interval mean daily steam flows back to 1931. The data illustrates an increasing trend in mean 

daily flow after the 1961-1965 interval (see Figure 14). The 2001-2005 interval has the highest 

five-year interval mean daily flow (4,657 cfs) of any five-year interval going back to 1931. The 

2006-2010 interval has the second highest five-year mean daily flow (4,406 cfs). 

 

A Mann-Kendall trend analysis was performed on the five-year interval mean daily flow data 

(Helsel, 1992). The results suggest there is an increasing trend in five-year interval mean daily 

flows for the Great Miami River during the time period of 1931-2010. 
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Figure 12 ï Base flow index of stream gage drainage areas used to estimate base flow runoff  
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Figure 13 ï Annual runoff for the Great Miami River at Hamilton 

 
  
Figure 14 ï Mean Daily Flow by 5-year Intervals for the Great Miami River at Hamilton 
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The annual seven-day low flow is the lowest mean value for any seven-consecutive-day period in 

a year. The 2014 seven-day low flow measured on the Great Miami River at Hamilton was 703 

cubic feet per second (cfs). There is a sufficiently long period of record of stream flow for the 

Great Miami River at Hamilton to look at trends in seven-day low flows measured at Hamilton 

since the gaging station was established in 1927. MCD staff performed a Mann-Kendall test on 

the seven-day low flow data for the entire period of record. The results indicate an increasing 

trend in the seven-day low flow for the period analyzed (1928-2014) (see Figure 15).  

 
Figure 15 ï Annual 7-day Low Flows on the Great Miami River at Hamilton 

 

Streamflow data collected at the stream gaging station on the Great Miami River at Hamilton 

indicates increasing trends in the mean daily flow and the seven-day low flow since 1928. These 

trends, coupled with above normal precipitation in 17 of the 24 years from 1990 to 2014, suggest 

a tendency towards wetter climate conditions over the past couple of decades.    

2014 Groundwater Recharge in the Great Miami River Watershed 
 

Annual groundwater recharge in 2014 fell below period of record mean annual recharge at seven 

of the 12 stream gaging stations analyzed (see Appendix C, RORA Calculated Groundwater 

Recharge Data). Groundwater recharge in the Great Miami River Watershed originates from 

precipitation that infiltrates through the soil or fractures in bedrock and eventually reaches the 

aquifer. Once precipitation enters the aquifer system, it flows toward nearby streams and rivers 
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entering the stream or river channel as base flow. The time span from when precipitation falls on 

the ground, infiltrates into the aquifer, flows through the aquifer, and finally enters a river or 

stream typically ranges from less than a year to several decades or more (Rowe, Shapiro, & 

Schlosser, 1999).   

 

Groundwater recharge ranged from a high of 14.49 inches for the Mad River Watershed 

upstream of the Urbana station to a low of 5.90 inches for the Stillwater River Watershed 

upstream of the Pleasant Hill station. The mean 2014 groundwater recharge, weighted by 

drainage area for the 12 stream gaging stations, is 7.88 inches.  

 

For the purpose of this report, 7.88 inches is considered to be the mean 2014 groundwater 

recharge for the Great Miami River Watershed. The period of record mean annual groundwater 

recharge for the Great Miami River Watershed is 8.07 inches; therefore 2014 annual 

groundwater recharge is estimated to be 0.19 inches below normal.  

 

Annual groundwater recharge and annual base flow are significantly higher at the Mad River and 

Bokengahalas Creek gaging stations than other stations (see Figure 16). Groundwater recharge 

values are highly dependent on the characteristics of the watershed upstream of the stream 

gaging station and reflect the local geology of the river and aquifer system. For example, the 

Mad River Watershed is characterized by an extensive buried valley aquifer system beneath and 

alongside the present day Mad River channel. The buried valley aquifer system is overlain by 

relatively permeable soils that developed in sand and gravel deposits. Precipitation can easily 

infiltrate through the soil and reach the water table below providing recharge to the buried valley 

aquifer system. Thus, annual groundwater recharge for the Mad River stream gaging stations 

near Springfield, Eagle City, and Urbana are significantly higher than stream gaging stations 

with drainage areas that donôt possess these hydrologic characteristics (see Appendix C, RORA 

Calculated Groundwater Recharge Data). The Bokengahalas Creek Watershed has a much 

smaller drainage area than the Mad River Watershed, but it too possesses buried valley aquifer 

sands and gravels along the course of Bokengahalas Creek which are easily recharged by 

precipitation.  

How Groundwater Recharge is Estimated 
 

The USGS software programs RECESS and RORA are used to estimate the groundwater 

recharge to aquifers located upstream of nine stream gaging stations in the Great Miami River 

Watershed. The programs utilize streamflow records to define a master recession curve for the 

watershed of interest and then estimate groundwater recharge using the recession-curve-

displacement method (Rutledge, 1998; Rutledge, 2000). This technique is appropriate for 

watersheds characterized by diffuse areal recharge to the aquifer and all or most of the 

groundwater discharges to a stream. Regulation and diversion of streamflow should be 

negligible, and the stream gaging station at the downstream end of the watershed should measure 

all or most of the flow leaving the watershed. These conditions were met for the watersheds 

analyzed in this report.  
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Figure 16 ï 2014 Groundwater Recharge to Aquifers  

 

2014 Groundwater Levels  
 

Data collected in 2014 on groundwater levels illustrate that groundwater in shallow observation 

wells near rivers often fluctuates and mimics trends in river levels. The levels recorded at buried 

valley aquifer observation wells closely mimic trends in river discharge. Groundwater levels rise 

when river flows increase during runoff events and fall when river flows recede. This illustrates 

the coupled nature of the surface water and groundwater. The data collected at 94 observation 

wells was used to analyze groundwater levels and changes in groundwater storage during 2014 

(see Figure 17). Of those wells, 62 are screened in buried valley sand and gravel deposits and 32 

are screened in upland glacial sediment aquifers surrounding the buried valley system. 

 

Groundwater levels at 30 observation well sites are shown in Appendix D, Groundwater 

Observation Well Hydrographs. The hydrographs in Appendix D illustrate fluctuations in 2014 

groundwater levels in the buried valley aquifer. Many of the hydrographs also show river 

discharge at the nearest gaging station. Most of the hydrographs show peak 2014 groundwater 

levels occurred in April or May. Groundwater levels tended to decline at most observation wells 

after June, reaching their lowest levels in November or December. The hydrographs show a 

fairly typical groundwater recharge cycle for the buried valley aquifer in the Great Miami River 

Watershed with recharge occurring during the winter and spring seasons followed by 

groundwater recession during the summer and fall.   
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Figure 17 ï Locations of wells used for the analysis of 2014 groundwater levels 
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Statistical plots are also shown in Appendix D for 13 observation wells with 10 or more years of 

record. The statistical plots show how 2014 groundwater levels compare with nonparametric 

statistics for each well. In general, groundwater levels started 2014 at normal to slightly above 

normal levels and finished the year at normal to slightly below normal levels.  

 2014 Groundwater Storage 
 

In 2014, there was a small net loss in groundwater stored in aquifers in the Great Miami River 

Watershed. The net change in groundwater storage for the Great Miami River Watershed is 

estimated from the beginning to the end of the year. The change in groundwater storage (ȹSg) in 

2014 was estimated for each observation well by multiplying the change in groundwater level 

(ȹH) from the beginning to the end of the year by a storage coefficient (S) as stated in the 

following equation: 

 ȹSg = ȹH(S) 

 

In this report, ȹH is defined as the difference between the first January and the last December 

groundwater level measurement at a particular observation well in 2014. ȹH is highly variable 

from observation well to observation well (see figure 18). Most observation wells recorded 

groundwater level declines of 2 to 6 feet in 2014.  However, there were some locations that had 

small (Ò 2ft) increases for ȹH in 2014. Some of these sites are located near pumping wells and 

may reflect changes in pumping conditions. 

 

Storage coefficient (S) values used in this report were based upon values reported in Joseph & 

Eberts (1994) and Spieker (1968). The median storage coefficient value for sand and gravel 

aquifers under unconfined conditions from data reported in Joseph & Eberts is 0.10. The median 

storage coefficient for sand and gravel aquifers under confined conditions is 0.0006. These 

numbers are in reasonable agreement with storage coefficient ranges published in Spieker. For 

this report, values of 0.10 and 0.0006 are used as estimates of the storage coefficient for 

unconfined and confined sand and gravel aquifers.  

 

Appendix E shows computations of ȹS for each of the 94 observation wells used to estimate 

mean groundwater storage for the watershed. The observation wells were divided into two 

categories, buried valley aquifer or upland glacial sediment aquifer, based upon the aquifer the 

well was screened in. The mean 2014 groundwater ȹH for the buried valley aquifer wells is -2.1 

ft. The mean 2014 groundwater ȹH for wells installed in upland glacial aquifers is -2.0 ft. The 

negative values reflect a decline of groundwater levels in both aquifer systems from the 

beginning to the end of 2014. Differences in groundwater mean ȹH between the two aquifer 

systems are largely due to the following factors: 

 

1. Buried valley aquifers tend to be thicker and more aerially extensive than upland glacial 

sediment aquifers.  

 

2. The buried valley aquifer system occurs at lower elevations and is a focal point for surface 

runoff from surrounding upland areas.  
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Figure 18 ï Net change in groundwater levels from beginning to the end of 2014  
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3. Buried valley aquifers are often hydraulically connected with the Great Miami River and 

tributary streams which serve as important recharge boundaries near municipal wellfields.   

 

4. Much of the buried valley aquifer system is unconfined and has a larger storage coefficient 

and greater ability to store water.  

 

Confined or unconfined aquifer determinations for each well are based upon analysis of well 

logs, groundwater level and temperature records, and regional aquifer studies. The mean change 

in groundwater storage for the Great Miami River Watershed is estimated by computing a 

weighted average of ȹSg for the buried valley and upland glacial aquifer observation wells. The 

weighted average is based upon the land surface area of the buried valley aquifer system (350 

mi
2
) versus the land surface area of the upland glacial aquifer system (3542 mi

2
). Mean ȹSg for 

buried valley and upland glacial aquifers is estimated at -2.1 and -0.5 in respectively. The 

estimated 2014 mean groundwater ȹSg for the entire Great Miami River Watershed is -0.6 in.   

Annual Water Budget for the Great Miami River Watershed 
 
A water budget is a quantitative statement of the balance between water gains and losses over a 

period of time. In 2014, the total water inflow into the Great Miami River Watershed from 

precipitation (P) was 39.05 inches.  

 

Outflows for the watershed included surface runoff estimated at 7.93 inches and base flow runoff 

estimated at 7.83 inches for a total runoff (R) of 15.76 inches based upon stream flow data 

collected at the Hamilton gaging station.  

 

At the time this report was finalized, consumptive losses from water use in 2014 were not 

available from ODNRôs Division of Soil and Water Resources. However, water use estimates 

obtained for years 2008-2013 suggest consumptive losses are only a minor component of the 

water budget and account for on average 23,519 million gallons of water outflow per year (see 

Appendix F). This equates to 0.34 inches of outflow per year on average. Consumptive loss 

coefficients in Appendix F were obtained from Shaffer & Runkle (2007). Consumptive losses in 

the Great Miami River Watershed are minimized, because most of the water withdrawn is 

returned to the watershed as wastewater return flow.   

How the Water Budget is Calculated 
 

The water budget for the Great Miami River Watershed can be expressed using the following 

equations,  

Inflows = Outflows Ñ ȹStorage 

 

or 

 

P = R + ET + C + U + ȹSs + ȹSg           (1) 
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Where: 

P = precipitation 

R = runoff from surface water and groundwater 

ET = evapotranspiration 

C = consumptive water losses from human activity 

U = subsurface underflow of groundwater 

ȹSs = change in soil moisture 

ȹSg = change in groundwater storage 

 

 MCD estimated subsurface underflow (U) of groundwater at the Hamilton gaging station by 

using the formula, 

U = T · I · L        (2)        

Where: 

T = buried valley aquifer transmissivity  

I = the hydraulic groundwater gradient 

L = width of the buried valley aquifer  

 

Aquifer pump tests by USGS near the Hamilton North wellfield determined a transmissivity (T) 

of 50,000 ft
2
/day for the semi confined portion of the buried valley aquifer system (Sheets & 

Bossenbroek, 2005). This value agrees with previous estimates for aquifer transmissivity by 

Spieker (1968). The hydraulic gradient of the buried valley aquifer system at the Hamilton 

gaging station is estimated from potentiometric surface maps produced by MCD in 2007. The 

hydraulic gradient is estimated at 0.0017. The width of the buried valley aquifer system at the 

Hamilton gaging stations was obtained from GIS overlays of the buried valley aquifer and 

determined to be approximately 8,625 feet.  

 

Substituting values for T, I, and L into equation (2) yields a value of 733,125 ft
3
/day for U. 

Converting U to inches of water over the entire watershed per year yields a value of 0.03 inches 

which is negligible when compared to other outflows.  U is assumed to be fairly constant from 

year to year.  

 

Soil moisture and changes in soil moisture are difficult to measure from month to month. The 

water budget in this report is calculated on an annual basis with the start and end of the water 

budget year occurring in early winter when soil moisture tends to be at field capacity or fully 

saturated. Since the water budget cycle begins and ends when soils are saturated ȹSs is assumed 

to be near zero.   

 

Changes in groundwater storage (ȹSg) during 2014 were discussed previously. ȹSg for 2014 is 

estimated to be -0.6 inches.  

 

Evapotranspiration (ET) losses for 2014 were not directly measured. However, by rearranging 

equation (1) to solve for ET, an estimate can be made, 

 

ET = P - (R + C + U Ñ ȹSs Ñ ȹSg)       (3)   

Substituting known values rounded to the nearest tenth and assuming that C and U are negligible 

when compared to other outflows and ȹSs is zero, equation 3 simplifies to  
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ET = 39.1 ï (15.8 + 0.3 + 0.6)   

ET = 22.4 inches 

 

The estimated 2014 water budget for the Great Miami River Watershed indicates that outflows 

from evapotranspiration, runoff, and consumptive use were slightly greater than inflows from 

precipitation resulting in a net water storage withdrawal from aquifers (see Table 2).    

 
Table 2 ï 2014 water budget summary 
 

Inflow Watershed Area 

(mi²) Inches Acre-feet Gallons 

Precipitation (P) 3630 39.1 7,560,080 2,463,462,868,103 

          

Outflows 

Watershed Area 

(mi²) Inches Acre-feet Gallons 

Evapotranspiration (ET) 3630 22.4 4,336,640 1,413,100,339,194 

Total Runoff (R) 3630 15.8 3,051,136 994,217,024,361 

a. Surface Runoff 3630 7.9 1,535,248 500,262,754,009 

b. Base Flow Runoff 3630 7.8 1,515,888 493,954,270,352 

Consumptive Use ( C) 3630 0.3 65,824 21,448,844,434 

Total Outflow 3630 38.5 7,453,600 2,428,766,207,989 

          

Releases from Storage 

Watershed Area 

(mi²) Inches Acre-feet Gallons 

Groundwater Storage (ȹSg) 3630 0.6 116,160 37,850,901,943 

Summary of Water Quantity 
 

In general, water budget inflows and outflows were near average in 2014. Of the 39.05 inches of 

precipitation received in the Great Miami River Watershed, an estimated 15.76 inches flowed out 

of the Great Miami River Watershed as surface and base flow runoff. The average groundwater 

recharge in the Great Miami River Watershed is estimated at 7.88 inches. In general, the buried 

valley aquifer received most of its recharge in 2014 during the winter and spring seasons. The 

total amount of recharge received by the buried valley aquifer was slightly below normal, and 

groundwater levels ended 2014 at normal to slightly below normal levels.  

 

The year 2014 can probably best be described as near normal in terms of hydrologic conditions. 

Recent trends in hydrologic data for the Great Miami River Watershed indicate a tendency 

toward wetter than normal conditions. Above normal precipitation occurred in nine out of the 10 

years during the decade of 2000-2009 and for 17 out of the last 25 years from 1990 through 

2014. Similar trends are present in annual runoff, mean daily flows, and seven-day low flows for 

the Great Miami River Watershed. Climate variability and changes in water use may contribute 

to these trends.         
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WATER QUALITY 

Background 
 

Groundwater and surface water in the Great Miami River 

Watershed are connected. Water is continuously exchanged 

between rivers, streams, and the underlying aquifers. 

Degradation of water quality in streams can threaten aquifers 

and vice versa. MCD strives to increase regional understanding 

of water quality conditions in surface water and groundwater resources and has managed a 

surface water quality monitoring program in the Great Miami River Watershed since 2006.  

 

The interaction between groundwater and surface water can enhance the transport of nutrients by 

creating nutrient fluxes from groundwater to surface water and vice versa. For example, 

groundwater comprises much of the flow in the Great Miami River at certain times of the year 

when low flow conditions are present. Under these conditions, nutrients that are transported by 

groundwater may comprise a significant part of the nutrient loads carried by the river or stream. 

Conversely, during times of the year when flows are high, most of the nutrient load originates 

from runoff from land. At that time, the river or stream may act as a temporary source of 

nutrients into the groundwater.  

 

Municipal drinking water wells that are installed in the buried valley aquifers along the Great 

Miami River floodplain often induce recharge from the river into the groundwater. For example, 

the City of Dayton utilizes recharge lagoons which enhances infiltration of surface water from 

the Great Miami and Mad rivers into the buried valley aquifer system. Induced aquifer recharge 

and recharge lagoons are potential pathways for contaminants in local rivers to be transported 

into the aquifer system and into drinking water wells. So, monitoring nutrient levels in rivers and 

streams is a key component to understanding groundwater health and potential pollution 

concerns.  

Nutrient Monitoring  
 

MCD operates and maintains four nutrient monitoring stations in the Great Miami River 

Watershed (see Table 3). In 2014, samples for nitrogen and phosphorus analysis were collected 

at all four locations (see Figure 20).  

¶ Stillwater River at Englewood provides data for the Stillwater River Watershed upstream 

of Englewood Dam.  

¶ Great Miami River downstream of Taylorsville Dam at Huber Heights provides data for 

the Upper Great Miami River Watershed.  

¶ Mad River downstream of Huffman Dam provides data for the Mad River Watershed.  

¶ Great Miami River in Fairfield, Ohio near the Greater Cincinnati Water Works Bolton 

Water Treatment Plant provides data for the entire Great Miami River Watershed 

upstream of the gaging station at Hamilton, Ohio.  
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Also funded by MCD, a fifth nutrient monitoring station in the Great Miami River Watershed is 

operated and maintained by Heidelberg University. It is located on the Great Miami River at 

Miamisburg. This station is part of Heidelbergôs Ohio Tributary Monitoring Program and has 

been in operation since 1996. Data collection on the Great Miami River at Miamisburg station 

followed the procedures outlined in the chemical monitoring sections of a U.S. EPA-approved 

Quality Assurance Project Plan (QAPP) (Baker, 2009).  

 

Data collection at the four MCD monitoring stations is conducted according to a U.S. EPA-

approved Quality Assurance Project Plan (QAPP) (MCD, 2009). MCD staff retrieves water 

samples from the automated samplers weekly and then delivers select samples to a laboratory for 

chemical analysis. The laboratory analyzes the water for ammonia, nitrate, nitrite, total Kjeldahl 

nitrogen, total phosphorus, orthophosphate, and total suspended sediment. 
 
Table 3 ï Attribute data for nutrient monitoring stations 

Location Map 

Number 

Monitoring Station 

Name 

Nearest USGS 

Stream Gage 

USGS 

Gage ID 

Drainage 

Area (mi
2
) 

1 
Stillwater River at 

Englewood 

Stillwater River at 

Englewood 
03266000 650 

2 
Great Miami River at 

Huber Heights 

Great Miami River at 

Taylorsville 
03263000 1,149 

3 
Mad River near 

Dayton 

Mad River near 

Dayton 
03270000 635 

4 
Great Miami River 

near Fairfield 

Great Miami River at 

Hamilton 
03274000 3,630 

5 
Great Miami River at 

Miamisburg 

Great Miami River 

below Miamisburg 
03271601 2,715 

 

2014 Nutrient Concentrations 
 

In 2014, median and mean concentrations of nitrate + nitrite exceeded the OEPA recommended 

nutrient target concentrations at all sampling stations (see Appendix G). The highest observed 

concentration for nitrate + nitrite in 2014 was 11.80 mg/L in a sample collected from the Great 

Miami River at Huber Heights, Ohio. This concentration exceeded the drinking water primary 

maximum contaminant level (MCL) of 10 mg/L.  

 

Total nitrogen concentration and river discharge plots for each of the sampling stations are 

shown in Appendix H. The plots illustrate total nitrogen concentrations tend to rise quickly 

during runoff events. As the runoff event ends, total nitrogen concentrations quickly decrease to 

levels approaching the annual 25
th
 percentile concentration. The highest total nitrogen 

concentrations tend to occur during winter and spring runoff events, but high concentrations 

associated with runoff can occur at any time of the year.  

 

Mean concentrations of total phosphorus samples collected in 2014 exceeded the OEPA-

recommended nutrient target concentration at all monitoring stations. Median concentrations of  
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total phosphorus samples collected in 2014 were below the OEPA-recommended nutrient target 

concentration at the Stillwater River at Englewood, Mad River near Dayton, and Great Miami 

River at Miamisburg stations. The highest total phosphorus concentration measured was 2.17 

mg/L in a sample collected from the Great Miami River near Fairfield station.  

 

Total phosphorus concentrations and river discharge plots are illustrated in Appendix H.  The 

levels of total phosphorus tend to rise sharply with runoff events throughout the year at all five 

nutrient monitoring stations. When the runoff events end, total phosphorus concentrations tend to 

quickly decline.  

 

Total phosphorus concentrations also tend to rise during prolonged periods of lower discharge in 

rivers which typically occur during the summer and early fall. This trend is particularly 

pronounced in the data collected from the Great Miami River at Miamisburg, and Great Miami 

River near Fairfield stations. Generally, the observed rise in total phosphorus concentrations 

during low flows is not as great in magnitude as during large runoff events.   

2014 Annual Nutrient Loads 
 

The 2014 annual nutrient loads carried by rivers and streams in the Great Miami River tended to 

be slightly below average for the period of record (2006 ï 2014). In 2014, annual stream flows 

measured at or near the monitoring stations were slightly below the period of record average 

annual stream flows (see Appendix J).  

 

Total nitrogen and phosphorus load estimates in 2014 were highest for the Lower Great Miami 

River Watershed. Lower Great Miami River Watershed loads were estimated by subtracting 

measured total nitrogen and phosphorus loads at the Stillwater River at Englewood, Great Miami 

River near Huber Heights, and Mad River near Dayton stations from the Great Miami River near 

Fairfield station.  

 

The estimated 2014 annual loads for the entire Great Miami River Watershed upstream of 

Hamilton are: 21,263 metric tons of total nitrogen, 12,588 metric tons of dissolved inorganic 

nitrogen and 2,076 metric tons of total phosphorus. Total nitrogen and dissolved inorganic 

nitrogen load estimates for 2014 exceed the loads measured in 2007 and 2012 but fall below the 

loads measured in 2008, 2011, and 2013. The 2014 total phosphorus load estimate exceeds total 

phosphorus loads measured in 2007, 2012, and 2013 but falls below loads measured in 2008 and 

2011. Loads for Great Miami River Watershed upstream of Hamilton were not computed in 

2006, 2009, and 2010, because the Great Miami River near Fairfield monitoring station was not 

operational during those years.      

How Annual Loads are calculated 
 

The annual load for a pollutant in a river or stream is defined as the total mass of that pollutant 

transported by the river or stream in a given year. Calculation of a pollutant load requires 

information on the streamflow, pollutant concentration, and time window for which the 

streamflow and pollutant concentration data is to be applied. The pollutant loads are calculated 

using a numeric integration approach (Richards, 1998). Mathematically, an annual load for 

nutrients is estimated by using the equation: 
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        n 

Load = k×ciqiti 
           i=1 

Where k is a constant used to convert units to metric tons per year, ci is the ith observation of 

concentration, qi is the corresponding observation of flow, and ti is the time interval represented 

by the ith sample.  

 

The total nitrogen concentrations are estimated for this report by adding sample concentrations 

of ammonia, nitrite, nitrate, and total Kjeldahl nitrogen. Total phosphorus concentrations were 

measured directly from water samples.  

2014 Annual Nutrient Yields 
 

In 2014, the highest total nitrogen and dissolved inorganic nitrogen yield estimates came from 

the Lower Great Miami River Watershed. The yield of a watershed is computed by dividing the 

pollutant load by the watershed area. Total nitrogen, dissolved inorganic nitrogen, and total 

phosphorus yields were computed for all five nutrient monitoring stations, and used to determine 

subwatershed yields (see Appendix K). The size of a watershed can overshadow the effects that 

land use and the physiography have on loads because large watersheds contribute large loads due 

in large part to their high volume of runoff (Reutter, 2003). The impacts of land use and 

physiography on nutrient loads in a given watershed are better observed when yields rather than 

loads are compared.  

 

Total nitrogen was estimated at 3,083 and dissolved inorganic nitrogen was estimated at 1,238 

kg/km
2
. The Lower Great Miami River Watershed also had the highest total phosphorus yield at 

481 kg/km
2
. The Mad River Watershed had the lowest total nitrogen and dissolved inorganic 

nitrogen yields (1,680 and 1,121 kg/km
2)

 in 2014. The Upper Great Miami River Watershed had 

the lowest total phosphorus yield (81 kg/km
2
). 

 

2014 Temperature, pH, Dissolved Oxygen, and Chlorophyll  
Monitoring  
 
In addition to the MCD monitoring efforts, YSI Inc., a Xylem brand, deployed automated 

monitoring equipment called sondes at the Mad River near Dayton monitoring station and the 

Great Miami River at Miamisburg monitoring station. YSI also installed sondes in the Great 

Miami River at Dayton near Helena Street (see Figure 21). The sondes measure water 

temperature, specific conductance, pH, sestonic chlorophyll, dissolved oxygen, turbidity, and 

blue-green algae at intervals of 15 minutes to two hours. The data collected by the sondes helps  

track changes in water chemistry that result from changes in the algal biomass in the water 

column (sestonic) and on the river bottom (benthic). As the algal biomass in the river increases, 

daily variations in pH and dissolved oxygen tend to increase. Increases in sestonic algae result in 

higher concentrations of sestonic chlorophyll measured by the sondes. This data helps document 

how the river ecology responds to elevated nutrient levels.   
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Figure 20 ï Locations of MCD and Heidelberg nutrient monitoring stations  
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The data is recorded and delivered to the YSI EcoNet website remotely. Realtime data is 

accessed at:   www.ysieconet.com/public/WebUI/Default.aspx?hidCustomerID=73.   

 

Appendix L illustrates time-series plots of water temperature, dissolved oxygen levels, pH, and 

chlorophyll measured at the three sites from June 1 to September 30. The sondes deployed at the 

Mad River near Dayton and Great Miami River at Miamisburg monitoring stations measured 

water quality parameters at daily (24-hour) intervals until August 8, 2014 after which they were 

reprogrammed to collect data at hourly intervals. Similarly, the sonde deployed on the Great 

Miami River at Dayton collected water quality data at daily intervals until August 15, when it 

was reprogrammed to collect data at hourly intervals.  

 

The plots illustrate that sestonic chlorophyll concentrations exceeded 100 µg/L in the Great 

Miami River at the Dayton and Miamisburg monitoring stations on multiple occasions. The 

highest sestonic chlorophyll concentration measured in the Great Miami River at Dayton 

monitoring station was 256 µg/L on August 9, 2014. The highest sestonic chlorophyll 

concentration measured on the Great Miami River at Miamisburg monitoring station was 242 

µg/L on August 3, 2014. In contrast, sestonic chlorophyll concentrations measured at the Mad 

River near Dayton monitoring station was significantly lower than measured in the Great Miami 

River. The highest sestonic chlorophyll concentration measured at the Mad River near Dayton 

station was 13.6 µg/L on August 30, 2014.  

 

According to Van Niewenhuyse and Jones (1996), an expected range for mean sestonic 

chlorophyll levels is 20 to 60 µg/L in a watershed the size of the Great Miami River Watershed 

with mean total phosphorus concentrations similar to those reported at the Great Miami River at 

Miamisburg and Fairfield stations (0.32 and 0.45 mg/L). Mean chlorophyll concentrations 

measured in the Great Miami River at the Dayton and Miamisburg monitoring stations were both 

computed at 43 µg/L and fell within this reported range.  

 

A study of Illinois watersheds found significant correlations between sestonic chlorophyll and 

total phosphorus during low flow conditions for sites that lacked a full vegetative canopy cover 

(Royer, David, Gentry, Mitchell and Sparks, 2008). Both studies note that the size of a watershed 

was the best predictor of sestonic chlorophyll levels. The larger the watershed, the higher the 

expected sestonic chlorophyll levels in rivers and streams.  

 

The mean 2014 sestonic chlorophyll concentration for the Mad River near Dayton monitoring 

station was computed at 5.2 µg/L, which is significantly lower than the expected range for mean 

sestonic chlorophyll reported in the study conducted by Van Niewenhuyse and Jones (1996).       

 

Daily variations in dissolved oxygen could not be assessed prior to August because the 

automated data collection equipment was not programmed for the hourly data collection 

necessary for this assessment until after that time.  

 

Dissolved oxygen concentrations measured at the Mad River near Dayton monitoring station 

typically remained between 6 and 11 mg/L throughout August 2014 when the warmest water 

temperatures occurred. The highest dissolved oxygen concentration measured in the summer of 

2014 was 12.6 mg/L. Ohio EPA has designated the stretch of Mad River near the monitoring 
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station in Dayton as Warmwater Habitat. The minimum dissolved oxygen concentration standard 

for this designation as 4 mg/L. The plot in Appendix L illustrates that the Warmwater Habitat 

standard was met throughout the summer of 2014. Daily variations in dissolved oxygen did not 

typically exceed 5 mg/L. According to Ohio EPA, daily dissolved oxygen ranges for large rivers 

should not exceed 6 mg/L. Daily ranges exceeding 10 mg/L are considered to be unusually high 

and an indication of nutrient over-enrichment.  

 

Dissolved oxygen concentrations measured at the Great Miami River at Dayton monitoring 

station ranged between 5 and 13 mg/L in August. The highest dissolved oxygen concentration 

measured during the summer of 2014 was 24.41 mg/L. There were no measurements below 5 

mg/L. The stretch of Great Miami River at the Dayton monitoring station is designated 

Warmwater Habitat. The minimum dissolved oxygen concentration standard for this designation  

is 4 mg/L. The plot in Appendix L illustrates that this standard was met throughout the summer 

of 2014.  Daily dissolved oxygen variations in excess of 10 mg/L occurred on two occasions 

between August 15 and September 30, 2014. In general, larger daily dissolved oxygen swings 

occurred when sestonic chlorophyll concentrations were above 60 µg/L.  

 

Dissolved oxygen concentrations measured in the Great Miami River at the Miamisburg 

monitoring station range from 7 to 12 mg/L. The highest dissolved oxygen concentration 

measured in the summer of 2014 was 20.81 mg/L. Daily dissolved oxygen variations did not 

exceed 5 mg/L from mid-August to the end of September. The stretch of Great Miami River at 

the Miamisburg monitoring station is designated as Warmwater Habitat. The plot in Appendix L 

illustrates that the minimum dissolved oxygen standard for this designation was not exceeded 

throughout the summer of 2014. 

 

The larger variations in dissolved oxygen concentrations measured at the two Great Miami River 

monitoring stations correlate well with increased chlorophyll concentrations. This is indicative of 

increased algal biomass in the river. Photosynthesis by the biomass causes increased daily 

dissolved oxygen variations. The algal biomass at all three sites could be impacted by the 

presence of lowhead dams that are located downstream of the monitoring stations. The sondes 

are deployed in the impounded area behind the lowhead dams.  

 

The mean pH value measured at the Mad River near Dayton monitoring station was 8.38 

standard units (s.u.) with a maximum value of 8.71 s.u. and a minimum value of 7.91 s.u. Mean 

pH measured at the Great Miami River at the Dayton monitoring station was recorded at 7.96 

s.u. with a maximum of 9.1 s.u. and a minimum of 7.61 s.u. Mean pH for the Great Miami River 

at Miamisburg was 8.58 s.u. with a maximum of 9.57 s.u. and a minimum of 8.02 s.u.. The Mad 

River station recorded the lowest variability in pH of the three monitoring stations. In general, 

the highest daily variations in pH tended to correspond with higher chlorophyll concentrations.  

 

The mean water temperature measured at the Mad River near Dayton monitoring station was 

20.18 °C with a maximum value of 25.11 °C and a minimum value of 14.6 °C. The mean water 

temperature measured at the Great Miami River at Dayton monitoring station was 22.01 °C with 

a maximum value of 27.62 °C and a minimum value of 17.03 °C. The mean water temperature 

measured at the Great Miami River at Miamisburg monitoring station was 23.02 °C with a 

maximum value of 28.41 °C and a minimum value of 17.16 °C.  
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Overall, the water temperatures measured at the Mad River monitoring station were lower than 

those measured at the two Great Miami River monitoring stations. Higher base flows in the Mad 

River from groundwater likely helps keep water temperatures significantly cooler than water 

temperatures in the Great Miami River. Cooler water temperatures help to keep dissolved oxygen 

levels from within minimum water quality standards.   

 

The data illustrates striking differences in algal biomass indicators between the Mad River near 

Dayton monitoring station and the Great Miami River monitoring stations. The concentrations of 

chlorophyll are significantly higher in the Great Miami River than in the Mad River which 

indicates greater algal biomass. The nutrient level data collected in 2014 illustrates that total 

phosphorus and total nitrogen concentrations tend to be higher in the Great Miami River than in 

the Mad River. Higher nutrient concentrations in the water column combined with warmer water 

temperatures may give rise to greater algal biomass.  
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Figure 21 ï Locations of continuous water quality monitoring stations 
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Statewide Water Quality Standards 
 

OEPA conducts biological and water quality studies on select rivers and streams in the Great 

Miami River Watershed to determine whether or not they meet state water quality standards. 

OEPA does not monitor each river annually.  

 

OEPA divides the Great Miami River Watershed into eight different study areas. The mainstem 

of the Great Miami River is divided into three study areas: upper, middle, and lower. The study 

area of the Upper Great Miami River extends from the headwaters of Indian Lake downstream to 

Quincy. The most recent OEPA study on the Upper Great Miami River was conducted in 2008 

and previously in 1996. The study area of the Middle Great Miami River extends from Quincy 

downstream to the confluence of the Mad River in Dayton. The most recent study on the Middle 

Great Miami River was conducted in 2009 and previously in 1995. The study are of the Lower 

Great Miami River extends from Dayton downstream to the Ohio River. A water study of the 

Lower Great Miami River was conducted by OEPA in 2010 and previously in 1995. 

 

The OEPA uses biological use designations to set statewide water quality standards for rivers 

and streams. The biological use designations in the Great Miami River Watershed include 

Exceptional Warmwater, Warmwater, Modified Warmwater, and Coldwater. The use 

designations are defined in Ohio Administrative Code (OAC) 3745-1-07 as follows: 

 

Exceptional Warmwater ï waters capable of supporting and maintaining exceptional or 

unusual communities of warmwater aquatic organisms having a species composition, 

diversity, and functional organization comparable to the seventy-fifth percentile of the 

identified reference sites on a statewide basis.  

 

Warmwater ï waters capable of supporting and maintaining a balanced, integrated, 

adaptive community of warmwater aquatic organisms having a species composition, 

diversity, and functional organization comparable to the twenty-fif th percentile of the 

identified reference sites within each of the ecoregions in Ohio.  

 

Modified Warmwater ï waters that have been the subject of a use attainability analysis 

and have been found to be incapable of supporting and maintaining a balanced, 

integrated, adaptive community of warmwater organisms due to irretrievable 

modifications of the physical habitat.  

 

Coldwater ï waters which support trout stocking and management under the auspices of 

ODNRôs Division of Wildlife, excluding waters in lake run stocking programs, lake or 

reservoir stocking programs, experimental or trial stocking programs, and put and take 

programs on waters without or without the potential restoration of, natural coldwater 

attributes of temperature and flow.    

 

The 2008 OEPA study of the Upper Great Miami River concluded that the Great Miami River 

attained or partially attained Warmwater habitat standards. When impairments were identified, 

they tended to be on tributary streams and upstream of impounded areas of the river, such as 

upstream of lowhead dams (OEPA, 2011).  
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The 2009 OEPA study on the Middle Great Miami River concluded that a majority of the river 

miles of the mainstem of the Great Miami River between Quincy and Dayton met exceptional 

warmwater habitat standards (OEPA, 2011 and 2013a).  

  

The 2010 OEPA study of the Lower Great Miami River concluded that most of the Lower Great 

Miami River met warmwater biological use standards, but significant impacts associated with 

nutrient enrichment were noted (OEPA, 2012).  The Qualitative Habitat Evaluation Index 

(QHEI) scores for many of the sampling sites on this section met exceptional warmwater habitat 

criteria. Yet, biological index scores were not high enough for exceptional warmwater habitat 

designation by OEPA. Nutrient enrichment was determined by OEPA to be the primary reason 

for the underperformance of fish and macroinvertebrate communities.   

 

Elevated levels of nutrients (nitrogen and phosphorus) are widespread in the surface water and 

groundwater of the Great Miami River Watershed. Nutrients enter water from numerous sources 

including: discharges from municipal wastewater treatment plants, runoff from urban and 

agricultural land, discharges from drainage tiles in agricultural fields, and infiltration of nutrients 

into groundwater from agriculture and failing septic systems.  

 

Nutrient enrichment occurs when excessive amounts of nitrogen and phosphorus are present in 

the water column of lakes, rivers, and streams. Excessive nutrients in natural water systems can 

over stimulate the growth of phytoplankton and periphyton such as algae and cyanobacteria. 

When phytoplankton and periphyton growth is overstimulated it can disrupt aquatic ecosystems 

and cause biological impairment. The OEPA report that nutrient concentrations in the water 

column of the Great Miami River and its tributaries frequently indicated enrichment. According 

to OEPA, when nutrient enrichment co-occurs with aquatic habitat degradation it is a leading 

cause of impairment.   

Ohioôs Nutrient Standards 
 

Currently, there are no statewide standards for in-stream nutrient concentrations in Ohio but 

there is language in the administrative code that states phosphorus should be limited to the extent 

necessary to prevent nuisance growths of algae and weeds (Administrative Code, 3745-1-04, Part 

E). Phosphorus loadings from large volume point source discharges in the Lake Erie Basin are 

subject to a limit, through the National Pollutant Discharge Elimination System (NPDES), of 1.0 

milligrams per liter (mg/L) in final effluent. Drinking water maximum contaminants levels 

(MCLs) exist for nitrite and nitrate and are set at 1 and 10 mg/L respectively.  

 

Research conducted by OEPA suggests that significant correlations exist between phosphorus 

and the health of aquatic ecosystems (Miltner and Rankin, 1998). Biological community 

performance is highest when phosphorus concentrations are lowest in headwater and wadeable 

streams (Miltner and Rankin, 1998). Furthermore, the lowest phosphorus concentrations are 

associated with the highest quality habitats.  

 

In the study of the association among nutrients, habitat, and biota in rivers and stream, OEPA 

researchers propose a tiered or multi-criteria approach for evaluating impacts of nutrients on 

attainment of water quality standards (Ohio Environmental Protection Agency, 1999). Table 4 
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illustrates the proposed statewide nutrient target concentrations (Ohio Environmental Protection 

Agency, 2013b) 

  
Table 4 ï Recommended statewide nutrient target concentrations for rivers and streams in Ohio 

Stream 

Type 

Drainage 

Area (mi
2
) 

EWH* 

TP* 

(mg/L) 

WWH * TP* 

(mg/L) 

EWH*  Nitrate 

+ Nitrite 

(mg/L) 

WWH* 

Nitrate + 

Nitrite (mg/L)  

Headwaters < 20 0.05 0.08 0.50 1.0 

Wadable 20 - < 200 0.05 0.10 0.50 1.0 

Small River 200 - < 1000 0.10 0.17 1.0 1.5 

Large Rivers > 1000 0.15 0.30 1.5 2.0 
 

*EWH ï rivers and streams that are designated as exceptional warmwater habitat 

*WWH ï rivers and streams that are designated as warmwater habitat 

*TP ï total phosphorus 

Nutrient target concentrations obtained from Tables 1 and 2 of  Ohio Environmental Protection Agency, 1999.  

 

The OEPAôs Nutrient Reduction Strategy (Ohio Environmental Protection Agency, 2013b) 

proposes pairing nutrient concentration data with biological data to determine attainment of 

water quality standards.  Exceedances of statewide nutrient target concentrations alone would not 

necessarily trigger a violation of water quality standards.  

 

However, most of the mainstem of the Great Miami River between Quincy and Dayton meets 

exceptional warmwater habitat criteria as of the last OEPA Biological and Water Quality Report. 

At 15 out of 17 sites sampled by OEPA in 2009, median total phosphorus concentrations in river 

samples exceeded recommended nutrient criteria target concentrations. OEPA concludes that 

high quality stream channel, and riparian corridor habitat and influx of groundwater as baseflow 

combine to give much of the upper stretches of the Great Miami River a high assimilative 

capacity for nutrients. When impairments occur on the Great Miami River upstream of Dayton, 

they tend to be associated with poor habitat conditions, the presence of lowhead dams, or acute 

localized impacts from wastewater discharges.    

Groundwater Quality 
 

To analyze groundwater quality, MCD staff collected groundwater samples at four observation 

wells in 2014 (see Figure 22). Samples were collected at all four locations once between July 16 

and July 30 and once between October 8 and November 3. To evaluate laboratory precision, 

duplicate samples were collected at one location during each sampling event. The groundwater 

was analyzed for a range of compounds including major ions, metals, pesticides, radionuclides, 

polychlorinated biphenyls (PCBs), volatile organic compounds (VOCs), and semivolatile organic 

compounds (SVOCs). The analytical results can be found in Appendix M, Ground Water Quality 

Data. 

 

Overall, the groundwater quality found in monitoring wells BUT10016 and MON10016 is very 

good. With conventional drinking water treatment techniques to remove nuisance constituents it 

can easily meet all federal drinking water standards. The groundwater quality in two monitoring 
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wells, named BUT10014 and CLA10018, reflects impacts from current or past land use 

activities.  

 

Each monitoring well is equipped with a bladder pump installed within the screened interval of 

the well. The monitoring well depths and screened intervals are summarized in Table 5.  The 

bladder pumps allow low-flow purging techniques to be used as outlined in Puls and Barcelona 

(1996) to sample the groundwater. Groundwater samples are stored on ice and delivered to a 

laboratory for analysis on the same day as sample collection.  

 
Table 5 ï Construction details for monitoring wells 

Monitoring 

Well ID  

Casing 

Diameter (in) 
Well Depth (ft) 

Screened 

Interval (ft)  

Aquifer 

Screened 

BUT10016 2 65 60 - 65 Sand and Gravel 

BUT10014 2 40 35 - 40 Sand and Gravel 

MON10016 2 108 88 - 108 Sand and Gravel 

CLA10018 2 16 11 - 16 Sand and Gravel 

2014 Groundwater Quality Monitoring 
 

Nitrate concentrations measured in a sample collected from well CLA10018 during July 

exceeded the drinking water maximum contaminant level (MCL) of 10 mg/L. In that same well, 

the nitrate concentration was just below 10 mg/L in the sample collected in the fall. The drinking 

water MCL is a human health-based benchmark intended to protect infants below the age of six 

months from methemoglobinemia or ñblue babyò syndrome. Common sources of nitrates in 

groundwater include nitrate-containing fertilizers, sewage and septic tanks, and decaying natural 

material such as animal waste.  

  

Iron, manganese, and total dissolved solids are considered to be ñnuisanceò contaminants. Their 

presence does not pose a health threat, however, they can have adverse aesthetic impacts causing 

water to appear cloudy or colored. They can also adversely impact plumbing fixtures, stain 

laundry, and cause taste and odor issues.  

 

The secondary maximum contaminant level (SMCL) for Iron is 0.3 mg/L. Groundwater samples 

collected from monitoring wells BUT10016 and MON10016 exceeded this standard. 

 

The SMCL set by the U.S. EPA for manganese is 0.3 mg/L. Manganese concentrations in 

groundwater samples collected from monitoring well BUT10016 exceeded this standard.  

 

The SMCL for total dissolved solids is 500 mg/L. None of the groundwater samples collected 

during July exceeded this standard. However, the total dissolved solids concentration collected 

from well BUT10014 exceeded the standard during October/November.  

 

Radon is a gas that has no color, odor, or taste. It originates from natural radioactive breakdown 

of uranium in the ground. Radon gas can dissolve and accumulate in groundwater. When the 

water is pumped from an aquifer underground and enters into a home, radon gas escapes from 
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the water and enters into the air. Breathing radon gas in air can cause lung cancer. The U.S. EPA 

has proposed a radon MCL of 0.03 pCi/L in drinking water supplied by public water systems. 

Radon levels in groundwater samples collected from monitoring wells BUT10014, BUT10016, 

and CLA10018 exceeded the proposed MCL.  

 

Bis(2-ethylhexyl) phthalate is an organic compound used as a plasticizer for polyvinylchloride 

(PVC) and other polymers including rubber, cellulose and styrene. The compound is frequently 

used in packaging materials and tubing used in the food and beverage industry. The MCL for 

bis(2-ethylhexyl) phthalate is 6 µg/L. The presence of bis(2-ethylhexyl) phthalate in groundwater 

is an indication of human sources since the compound must be manufactured and does not come 

from natural sources. Plastic materials are common in the environment and enter rivers and 

streams through stormwater systems and trash deposits. It is not surprising to find trace 

constituents of plastics in groundwater close to rivers and streams.  

 

None of the groundwater samples collected in 2014 exceeded the MCL for bis(2-ethylhexyl) 

phthalate, however the compound was detected at concentrations below the MCL in monitoring 

wells BUT10014 and MON10016 during July. The compound was not detected in the primary 

sample collected from monitoring well BUT10016 in July, but it was detected in the duplicate 

sample for that well. During the fall, bis(2-ethylhexyl) phthalate was detected in monitoring well 

CLA10018.  

 

Trichloroethene is a volatile organic compound used primarily to remove grease from fabricated 

metal parts. The MCL for trichloroethene is 5 µg/L. Trichloroethene is a manufactured 

compound that does not originate from natural sources. Its presence in groundwater is an 

indication of human impact on the aquifer.  

 

The compound trichloroethene was detected in monitoring well BUT0014 in July and the fall, 

and exceeded the standard both times. Monitoring well BUT10014 is located at Smith Park in 

Middletown and is located close to the former Aeronca Air Products site, a site which underwent 

environmental cleanup activities funded through Ohioôs Clean Ohio Fund (Robinson and 

Richter, 2012).  It is possible that the trichloroethene detected in groundwater samples collected 

from BUT10014 originated from this site.     

 

None of the other parameters analyzed in 2014 were present at concentrations exceeding a 

human health based benchmark. Other than the detections of bis(2-ethylhexyl) phthalate and 

trichloroethene, there were no other detections of any volatile or semivolatile organic compounds 

in any of the groundwater samples collected in 2014. There were no detections of any pesticides 

or PCBs.  
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Figure 22 ï Locations of monitoring well sites 
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Table 6 is a summary of parameters that were either detected at a concentration that exceeded a 

health or aesthetic benchmark in one or more groundwater samples or are indicative of human 

sources of contaminants.  

 
Table 6 ï Summary of significant detections of contaminants in groundwater samples. 

July 2014   Benchmark Sample Sites 

Parameter Units Type Value BUT10014 BUT10016 BUT100161 CLA10018 MON10016 

Nitrogen, Nitrate-Nitrite mg/L MCL 10 1.20 < 0.100 < 0.100 10.2 < 0.100 

Iron mg/L SMCL 0.3 < 0.05 1.57 1.61 < 0.05 0.446 

Manganese mg/L HBSL 0.3 < 0.005 0.441 0.445 < 0.005 0.0918 

Total Dissolved Solids mg/L SMCL 500 500 347 330 363 471 

Radon pCi/L MCL 300 385.6  474.7  446.4  348.1  133.8 

Bis(2-ethylhexyl) phthalate µg/L MCL 6 1.08 < 1.00 1.04 < 1.00 1.61 

Trichloroethene µg/L MCL 5 22.6 < 1.00 < 1.00 < 1.00 < 1.00 

October/November 2014   Benchmark Sample Sites 

Parameter Units Type Value BUT10014 BUT100141 BUT10016 CLA10018 MON10016 

Nitrogen, Nitrate-Nitrite mg/L MCL 10 0.956 0.919 < 0.100 9.34 < 0.100 

Iron mg/L SMCL 0.3 < 0.05 < 0.05 1.74 < 0.0500 0.483 

Manganese mg/L HBSL 0.3 < 0.005 < 0.005 0.431 < 0.005 0.0926 

Total Dissolved Solids  mg/L SMCL 500 552 509 338 402 468 

Radon pCi/L MCL 300 360 360 430 337 105.9 

Bis(2-ethylhexyl) phthalate ug/L MCL 6 < 1.00 < 1.00 < 1.00 1.13 < 1.00 

Trichloroethene ug/L MCL 5 28.8 28.5 < 1.00 < 1.00 < 1.00 

 

MCL ï Maximum Contaminant Level set by U.S. EPA 

SMCL ï Secondary Maximum Contaminant Level set by U.S. EPA 

HBSL ï Non enforceable Health Based Screening Level 

1 Duplicate sample  result 

Numbers in bold exceed a benchmark 
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CONCLUSIONS 

Perhaps the best word to summarize the 2014 water quantity conditions of the Great Miami 

River Watershed is normal.  Cumulative precipitation for the year was at the long-term mean. 

Total runoff was slightly above normal. Groundwater recharge was near normal. Groundwater 

levels at most MCD observation wells in the buried valley aquifer began 2014 at normal to 

slightly-above-normal levels and ended the year at normal to slightly-below-normal levels. The 

water budget totals show a small net withdrawal of groundwater in the aquifers from the 

beginning to the end of the year.  

 

The water quality conditions indicate that phosphorus and nitrogen continue to be present in 

surface waters at concentrations that reflect nutrient enrichment. The nutrient loads and yields 

were estimated for each of the four major Great Miami River subwatersheds: Stillwater River, 

Upper Great Miami River, Mad River, and Lower Great Miami River. Median and mean 

concentrations for both nitrate + nitrite and phosphorus exceeded the OEPA-recommended target 

concentrations at all nutrient monitoring stations. Both nitrogen and phosphorus concentrations 

in the water column are driven by flow. This means that changes in river flow cause changes to 

nutrients concentrations in the river. Total nitrogen concentrations tend to be highest at higher 

flows while total phosphorus and orthophosphate concentrations tend to increase during high and 

low flows. When the 2014 data is compared with all the loads and yields measured since 2006, 

the 2014 nutrient loads and yields are slightly below the mean. In 2014, the data collected at the 

Lower Great Miami River monitoring station had the highest total nitrogen and total phosphorus 

yields when compared with the data collected at the Stillwater River, Upper Great Miami River, 

and Mad River monitoring stations.  

 

Because surface water and groundwater interact, the nutrient enrichment of surface water 

potentially impacts groundwater and vice versa. The presence of excessive amounts of nutrients 

in streams is not only a threat to the ecological health of aquatic ecosystems in surface water, it is 

also a potential threat to the quality of drinking water resources drawn from the aquifers.     

 

There were higher water temperatures, sestonic chlorophyll concentrations, and daily dissolved 

oxygen variations detected at the monitoring stations located on the Great Miami River when 

compared with the monitoring station located on the Mad River. Algal production in the Great 

Miami River may be enhanced by the lower flow velocities that exist in the impounded sections 

of river that are located upstream of lowhead dams. Warmer water temperatures and higher 

nutrient concentrations in the water column may also contribute to enhanced algal production.    

 

The analysis of groundwater from several observation wells indicates the presence of the 

nuisance contaminants iron, manganese, and total dissolved solids in one or more of those wells. 

Radon levels were higher than the proposed maximum contaminant levels at several wells. The 

contaminants nitrate and tetrachloroethene were both detected in groundwater samples at 

concentrations above the maximum contaminant level. The data collected at these wells may 

reflect the presence of legacy industrial pollutants.   
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Appendix A - Precipitation Data 

Alcony 34 39.45 36.14 -3.31

Arcanum 55 39.70 38.67 -1.03

Beechwood 42 40.51 34.70 -5.81

Bellefontaine 42 40.46 38.05 -2.41

Brookville 44 39.17 38.42 -0.75

Centerville 51 41.97 46.68 4.71

Collinsville 44 41.09 42.67 1.58

Covington 58 38.75 43.95 5.20

Dayton 132 38.26 38.65 0.39

De Graff 53 38.16 37.34 -0.82

Eaton 95 40.21 41.14 0.93

Englewood Dam 88 38.63 36.48 -2.15

Ft. Loramie 94 35.87 36.94 1.07

Franklin 85 39.72 42.21 2.49

Germantown Dam 93 39.12 41.72 2.60

Greenville 110 37.92 38.63 0.71

Hamilton 97 40.22 41.68 1.46

Huffman Dam 83 38.79 40.28 1.49

Ingomar 80 39.20 38.65 -0.55

Lakeview 89 36.90 34.09 -2.81

Lockington Dam 94 36.85 41.03 4.18

Miamisburg 90 40.84 44.89 4.05

Middletown 91 40.15 40.08 -0.07

New Carlisle 90 38.93 37.29 -1.64

Oxford 84 39.92 38.45 -1.47

Piqua 100 39.12 41.72 2.60

Pleasant Hill 94 36.98 38.62 1.64

St. Paris 78 39.96 35.94 -4.02

Sidney 116 38.14 37.57 -0.57

Springboro, South 37 40.62 46.35 5.73

Springfield North 49 40.68 36.81 -3.87

Springfield, WPC 104 39.09 38.23 -0.86

Taylorsville Dam 89 39.72 38.44 -1.28

Tipp City 91 38.38 39.95 1.57

Troy 83 36.86 39.89 3.03

Union City 46 37.24 34.83 -2.41

Urbana 133 39.14 36.01 -3.13

Versailles 96 37.99 37.32 -0.67

West Carrollton 51 40.85 40.50 -0.35

West Liberty 52 38.05 36.04 -2.01

West Manchester 86 39.69 37.50 -2.19

West Milton 78 36.91 35.62 -1.29

Average for Watershed 39.05 39.05 0.00

STATION
YEARS OF 

RECORD*

MEAN OF 

RECORD**
DEPARTURE2014 TOTAL
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Appendix B - Summary of Precipitation, Runoff, & Base Flow Data 

Station Name USGS ID

Drainage 

Area (mi
2
) Time Period

2014 

Precip (in)

2014 Runoff 

(in)

2014 Surface 

Runoff (in)

2014 

Baseflow (in)

Mean 

Runoff (in)

Mean Surface 

Runoff (in)

Mean 

Baseflow (in)

Baseflow 

Index 

Bokengahalas Creek 

at DeGraff 3260706 40.4 1992 - 2014 37.34 13.71 3.47 10.24 17.08 5.47 11.61 68%

Loramie Creek near 

Newport 3261950 152.0 1965 - 2014 36.94 12.13 8.87 3.26 13.17 9.70 3.47 26%

Great Miami River at 

Sidney 3261500 541.0 1915 - 2014 37.57 13.05 6.60 6.45 12.90 6.70 6.20 48%

Greenville Creek near 

Bradford 3264000 193.0 1931 - 2014 43.95 14.38 6.73 7.65 13.24 6.31 6.93 52%

Stillwater River at 

Pleasant Hill 3265000 503.0 1935 - 2014 38.62 12.30 7.21 5.09 12.73 7.68 5.05 40%

Mad River near 

Urbana 3267000 162.0 1940 - 2014 36.01 16.88 1.91 14.97 13.47 2.47 11.00 82%

Mad River at Eagle City 3267900 310.0 1966 - 2014 36.81 16.37 3.55 12.82 14.86 3.53 11.33 76%

Mad River near 

Springfield 3269500 490 1915 - 2014 38.23 16.26 3.89 12.37 14.34 3.93 10.41 73%

Wolf Creek at Dayton 3271000 68.7 1939 - 2014 38.65 12.84 6.77 6.07 13.86 8.01 5.85 42%

Holes Creek near 

Kettering 3271300 18.7 1998 - 2014 40.50 21.09 14.86 6.23 20.44 14.51 5.93 29%

Twin Creek near 

Germantown 3272000 275.0 1915 - 2014 41.72 14.38 8.38 6.00 13.97 8.30 5.67 41%

Sevenmile Creek at 

Camden 3272700 69.0 1971 - 2014 41.14 14.19 7.29 6.90 15.16 8.23 6.93 46%

Great Miami River at 

Hamilton 3274000 3630.0 1928 - 2014 41.68 15.76 7.93 7.83 13.27 6.36 6.91 52%
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Appendix C - RORA Calculated Groundwater Recharge Data 

Station Name USGS ID Drainage Area (mi2) Period of Record 2014 GW Recharge (in)

Period of Record Mean 

Annual Recharge (in)

Amount 

Above/Below 

Mean (in) 

Bokengahalas Creek at DeGraff 3260706 40.4 1992 - 2014 9.78 12.43 -2.65

Loramie Creek near Newport 3261950 152.0 1965 - 2014 6.17 7.38 -1.21

Great Miami River at Sidney 3261500 541.0 1915 - 2014 7.16 7.91 -0.75

Greenville Creek near Bradford 3264000 193.0 1931 - 2014 8.33 8.17 0.16

Stillwater River at Pleasant Hill 3265000 503.0 1935 - 2014 5.90 6.22 -0.32

Mad River near Urbana 3267000 162.0 1940 - 2014 14.49 12.09 2.40

Mad River at Eagle City 3267900 310.0 1966 - 2014 13.18 12.62 0.56

Mad River near Springfield 3269500 490.0 1915 - 2014 11.56 11.51 0.05

Wolf Creek at Dayton 3271000 68.7 1939 - 2014 5.92 6.44 -0.52

Holes Creek near Kettering 3271300 18.7 1998 - 2014 7.37 7.14 0.23

Twin Creek near Germantown 3272000 275.0 1915 - 2014 6.31 6.39 -0.08

Sevenmile Creek at Camden 3272700 69.0 1971 - 2014 7.76 8.32 -0.56
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Appendix D - Groundwater Observation Well 
Hydrographs 
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