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Abstract

The 2014 WateDatareportsummarizeshe waterdatacollectedby the Miami Conservancy
District (MCD) andits partner organizations the Great Miami River Watershed durid@14.
MCD and partner organizatioaperate and maintain an extensive hydrologic monitoring
system The system trackannuatrends n precipitation, runoff, and groundwater levaixd
changes to the balance of the hydrologic system of the watefsheter moves within the
Great Miami River Watershed comes into contact with natural ahdmancausedources of
contaminantsMCD tracks water qualitparameters to provide baseline information and trend
analysis for management prograrNsitrients in the form of nitrogen and phosphoyase one of
the most significant types dlumancausedtontaminant$ound insurfacewaterand
groundwater

Water Quantity

The nmean annual precipitatidior 2014was39.05inches exactly matchinghe longterm mean.
Runoff was estimateat 15.76 inchesyhich is considered above normal

The annuagroundwater rechargegasestimatedat 7.88 nches. Thiss 0.19inchesbelowthe
long-termmean.Groundwatetevels and streamflow recordeflectthat aquiferseceived most
of their rechargbetweerlate FebruarnandearlyJune Groundwatetevelsin the aquiferdegan
the year at normab slightlyabovenormallevelsandfinished the yeaatnormalto slightly
belowlevels.The 204 water budgeshows a small nébssin 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 procesdesvdluav conditions.
Nutrient concentrations calculated from data collected in 2014 exceeded the proposed Ohio
Environmental Protection Agency (OEPA) target levels dhadinutrient monitoring stations.

The monitoring station located on the Stillwaver 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 thie waterquality ofthe buried \alley aquifer system, MCD
analyzedsamplesat several groundwater observation wellse groundwater was analyzed for a
range of compounds including major ions, metals, pesticides, radionuclides, polychlorinated
biphenyls (PCBs), volatile organic compoufd©Cs), and semivolatile organic compounds
(SVOCs).Drinking water standards were metditbuttwo locationsWhile results of this
groundwater sampling event do not necessarily reflect conditions throughout the entire buried
valley aquifer systeptheinformation contributes to the knowledge of groundwater conditions.
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BACKGROUND

Great Miami River Watershed
MCD is aconservancy district, which ispmlitical
subdivision of the State of OhiMCD works as a regional _ Clovelt
govanment agency throughout the-&¢éunty Great Miami
River Watershed.Formed in 1915MCD provides flood
protection, water resource monitoring and ination, and
recreational opportunitie®CD operatesautomated and
observer precipitation statioasdan extensivetream
gagingnetwork to record stream stage and calculate streg
flow. MCD has operated the stream gagmegworkwith the
U.S. Geological SurveydSGS under a cooperative
agreemensince 1931Partnering with aariety of federal,
state, and local governmentdCD alsoconductssurface water and grouwdterquality and
guantity studies

elueAjAsuus

For more information on #hcurrent programs of MCD, visitww.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 tohteed@partment 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 angamant of these aquifers is the buried valley

aquifer system.

With headwatersearindian 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 pats of 15 counties and also includes the Stillwater and fwadsand Twin, Wolf and

Sevennile creekqFigure 1) The total drainage area of tGeeatMiami River Watersheth

Ohio is3,946 square miles; the entimatershed, including the Whitewater River in Indiana,
drains 5,371 squarailes.

The Geat Miami River Watershed boasts some of the highest quality aquatic biological
communities in Ohio. The Stillwater Riverdesignated as a Scenic Riverd stretches of the
Stillwater River and Greenville Creek, a tributary to the Stillwater, meet exceptional warmwater
habitat criteria@hio Environmental Protection Agen@001). Twin Creek and portions of the

Upper Great Nami Riveraredesignated as meeting exceptional warmwater habitat criteria

(Ohio Environmental Protection Agen007, 2011,and2013). The exceptionavarmwater

habitat designations r eserved for those streamoniadn 0Ohi
assemblages of aquatic organismsst of the Great Miami River Watershed isigmated as

war mwater habitat meaning the streams and r

www.MCDWATER.org
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of aquatic organisms that are expected to be found given the akgiomate, hydrology, and
land use.

Buried Valley Aquifer

Theburied valley aquifesystem is the most important aquifer in southesggdhio because of

its abundant supply of highuality groundwaterThis system consists of highly permeable sand
and gravel deposits as thick as 200 feet that can store a great deal of grouitheatgstem
underlies the river and streambealépwing plenty of opportunity for groundwater recharge.
This essentially malsethe aquifer a renewable resour@de buried valley aquifer is a valuable
natural resourcand managing wiselywill ensure the aquifer continaéo support and enhance

the regionb6s ec ontbghlightsanolle:qual ity of [ ife.

1 Total aquifer staxge of approximately 1.5 trillion gallons of groundwater.

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

1 Yields in excess of 2,000 gallons of water per minute are possible in wells near large streams.
1 Much of the groundwater maintaim constant temperature of 56 degrees Fahrenheit

TheUnited States Environmental Protection AgendyS. EPA designated the buried valley
aquifer as a sole source aquifel988. A sole source aquifdesignation applies only to
aquifersthat serveasthe sole or principalairce of drinking water for aarea This designation
signifies thatontaminabn of the aquifewould create a significant hazard to public health. As a
result ofthis designationall federally fundegbrojects consticted neathe aquifeyand its

principal recharge zonaresubject taJ.S. EPAreview. Thisensureshatprojects are designed
and constructed in a manner that does not create a significant hazard to public health.

www.MCDWATER.org
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Figure 17 Counties located within the Aquifer Preservation Subdistrict
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Hydrogeologic Setting

The types ofjeologicdeposits in a watershed and their distribution are important in determining
how water is trarsorted through theystem and the amount and types of dissolved minerals in
the water (Debreweat al.,2000). Theclimate and geology of the region influemoany of the
physical properties of the landscape such as soil type, topography, runoff, and the quality of
surfacewaterand groundwater.

The Great Miami RiveWatershedncludesparts ofl5 counties in Ohio antivo in IndianaThe
watershed lies almost entirely within the Till Plains section of the Central Lowland
physiographic province (Fennemdr®38). With the exception affew areas near the Ohio
River, the entire watershed was affected by Pleistocene glaciations. Multiple advances and
retreats of Pleistocene glaciers left behind a landsdagecterized by a flat to gently rolling
land suréce that is cut by steepalled river valleys of low to moderate relieandsurface
altitudes range from 1,550 feet above mean seailetiet northern parts of the watershed to
450 fed at the confluence of the Great Miami River with the GRieer in Hamilton County,
Ohio.

The Great Miami River Watershed has a temperate continental climate characterized by well
defined seasons and large annual temperggurations from summer to winter. Tropical air

masses from the Gulf of Mexico and the Weststiantic 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 Resours, 1988U.S. Geological Survey, 1998incethe Gulf of Mexicais the

source of most of the moisture delivered to the watershed, mean annual precigitsigiily

higherin the souttdue toits closer proximity to the Gulf.

The geology of the Ge# Miami River Watershed consists of unconsolidated Pleistocene glacial
depod#s, predominantly Wisconsinan and lllinoian in age, overlying a thick sequence of older
limestones and shales of Devonian, Silurian, and Ordovician age &IEsompson,1948;

Norris & Spieker 1966).The thickness of glacial deposits generally decreases from northern
portions of the watershed to the southsouthwester®hio, 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 agchvel mixed with layers of silt and clay.

The Cincinnati Arch is the dominant bedrock structural feature in sougmné&io. The axis of

the Cincinnati Arch runsoutheast to northweitrough extreme southern portions of the Great
Miami River Watershe. Bedrock to the north of the axisd@aslight northnorthwest 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 Stresupstiod 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 consist of a series of buried valleys that reflect ancient drainage networks carved

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 whereadflwrth and

then northwest across Clark, Champaign, Logan, Shelby, and Mercer Counties before entering
Indiana and lllinoisThe presentlay course of the Great Miami River generally follows ohe

the ancient tributary valleys to the Teays.

Aquifers

Major aquifer systems withiand surroundinghe Great Miami River Watehed include sand
and gravel buried valley aquifersarbonatdéedrock aquifers; and watbearing sand and gravel
lenses within overlying glacial tilaterreferred to as upland glacsg¢dimentquifers Of these
majoraquifer systems, the buried valley aquifer systehich is associated with the Great
Miami River and its principal tributariess themost productive groumndater resourcen Ohio
(Ohio Depatment of Natural Resources, 199B)gure 2) This large aqdier system provides
potable water for many communities withiive Great Miami River Watershetheburied valley
aquifersystem consists of highly permeable sand and gravel deposits tloatgddirtially fill,
preglacial river valleys.

Land Use

Most of he 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, iad livestock productiorExtreme 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 poultrygfévionoh of

the landin the Great Miami River Watershed was once covered with beech forests, elm/ash
swamp forests, and some oak/sugaple forests.

According to the 201 National Land Cover Databaggee Table 1)agriculture is the dominant
land useof the Great Miami River Watelnedcomprising aboué8 percent of the land. Most of
the remaining land is either developed 8lgercent) or forested (11.5 percent) (see Figura 3).
comparisorbetween 2001 and 20khows &.5-percentincrea® in developedand and a similar
magnitudedecrease 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%

www.MCDWATER.org
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Most of the cropland is planted in corn, soybeans, and wheat. piggsand cattle are the main
livestock raisd in the watershedgebrewer eal., 2000). Tile drainage systems are common in
poorly drained areas of the watershed and cover large portions of Shelby andddaties

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

swalesare also common.

Figure 2 i Great Miami River Watershed and the Buried Valley Aquifer
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Figure 31 Land cover in the Great Miami River Watershed
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WATER QUANTI TY

The Water Cycle

To tracklong-term changes in water availabilitythe Great Miami River Watershea
cooperative partnershipgetweenJSGSandMCD measurs precipitation, runoff, and
groundwater levelsThese measurements are collected and storetbag-termrecord of
hydrolagic conditions in the watershetihese records are useful for comparing current
hydrologic measurements with historical measuremamisanalyzing trendsf water entering
and leaving the watershed as well as trends in adeifels The informationcanbe usedor
planningrelated towater supply, flood protection, construction, agriculture, commerce, and
industry.

Precipitation falls on thiand surface of th&reat Miami River Watershed as rain, snow, or ice.
Some of this precipitation evaporatesablimatesand returns to the atmosphere as water vapor.
The water vapor coalsondensesand forms clouds which may travel long distances away from
southwestern Ohio. Some of the préeipon flows by gravity towardtreams and rivetand
becomes surface runoff which eventually rescthe Great MianRRiver. Some of the

precipitation infiltrateghe ground and percolatégough the soil until it reaches the water table.
This water provides rechge to the aquifers and helps sustain the groundwater resources in the
Great Miami Rive 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 daesmain in storage for very long.
This waterstays close to the ground surface and seeps into nearby streams or riverslaw base
As a result, sme of the streams and rivers in the Great Migier Watershed are able to

sustain flow, even during peds of prolonged drought, because the underlying buried valley
aquifer providedase flowto 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 Riwdatershed upstream of thiamilton stream gaging
station, an area of some 3,68fuare miles.

Precipitation Monitoring

MCD measursprecipitationthroughout the Great Miami River Watershed. @hatais provided
to the National Weather Servide assist witltlimatic assessments afidod forecasting. The
data is als@nalyzedn conjunction withgroundwater levedlatato better understand how
precipitation affects the water stored in theied valleyaquifer.

To collectthis dataMCD operdes two precipitation networkmanual observers and automated
tipping bucketain gagesThe manual observer netwaskstaffedby MCD staff andcitizens

who record daily rainfalat £ stations within the Great Miami River Watershadnajority of

the MCD manual observestations have standaihtional Oceanic and Atmospheric

Administration NOAA) National Weather Service rain and sngages In addition,nine of

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

www.MCDWATER.org
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of rainfall. This data islsoused by NOAA to help develop the rainfall frequency atlas for the
Midwest, and monthly ClimatologicBlata report$or Ohio. Twenty-eighto f M Griariual
observesstationsdata hae at least’5 yearsf record The stationn Urbana has the longest
period of recordd datad 133 years.These dbng records arenportantfor understanding
environmental trendand for use imesourceplanning.

Thesecondprecipitation networlconsists ofi4 tipping bucketain gages thautomatically
recordand transmiaccumulated rainfatlata The tipping bucket rain gages a@located with
stream gages aretjuippedvith Geostationary Orbitingnvironmental Satellite (GES)
telemetry(see Figure}).

2014 Precipitation in the Great Miami River Watershed

Annual precipitationn 2014 wasnormal An average 089.05 inches of precipitation fell across

the Great Miami River Watershed in 2DWhich matches the meaof record Recalculated

every 10 yearghe mean of recortepresents the loAgrmaverageannual precipitation total for

the watershed. The most recent recalculation of the mean included all of the station precipitation
records up t@nd including the ye&009. The mean of record for the Great Miami River
Watershed is currently 39.05 inches (see Appendix A, Precipitation Data).

Themonthlyprecipitation pattern fo2014 wascharacterized bgear normal winter precipitation
followed by above normal spring and early summer precipitaiiba.year2014 closed out with
below normal precipitation during the fafligure 5illustratesthe monthly precipitation and
accumulated monthly precipitati for the Great Miami River Watershetliring2014, as
compared to the lonterm mean.

Thehighest annugbrecipitationmeasured at an observer statio2®i4 (46.68inche3 was
recorded athe Centervillestation and the lowes84.09incheg was recordedtthe Lakeview
station(see Appendix A, Precipitation Data)

Monthly precipitation totals foApril and June 201#eresignificantly abovenormal.Monthly
precipitation totals fodanuaryMarch July, September, October, and Novemesrebelow
normal.April was the wettest montimdaverag@d5.97 inches of preipitation across the
watershedSeptembewas the driest monthindaverag@d1.83inches of precipitatioriNo
monthly precipitation record highs or lows were set for theaQvkami River Watershed in
2014 (see Figure 6).

Annual precipitation totals for the Great Miami River Watershed going back to 1915 are shown
in Figure7. Annual precipitation exceeded the letagym mean for the Great Miami River
Watershed in 7 of the 5 yearsfrom 1990to 2014. The two highest annual precipitation totals

ever recorded for the watershed occuadng this time interval in 1990 and 20The decade

of the 2000s has the highest mean annual precipitation for the Great Miami River Watershed in
comparisorto other decades since recording of annual precipitation in the watershed began (see
Figure 8).

www.MCDWATER.org
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Figure 57 2014 monthly precipitation and accumulated monthly precipitation

Monthly Precipitation for the Great Miami River Watershed
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Figure 7 7 Average annual precipitation
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Figure 8 1 Mean annual precipitation
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Monitoring Runoff, Streamflow, and Groundwater Recharge

MCD operatesan exensivestream gagingetwork within the Great Miami River Watershed to
record streanstage and calculate stredlow (see Figuré®). Thenetwork consists d25
automated stream gagesintained through cooperativepartnershipwith USGS All 25 stream
gages are equipped withJES telemetryThe GOESelemetry systems allow MCD, USG&hd
the National Weather Servite receive reatime stream stage, discharged precipitation data
MCD staff maintains the stream gages and mdkharge measuremerits establishing rating
curves TheUSGS processes the data from dlages prepares rating curves and tables, and
computes records for publication in state and federal refdrese public records provide
surface water levels and stream flow data (disgh) to any interestguhrty via the National
Water Information System (NWIS) websitehditp://waterdata.usgs.gov/nwia additionto
USGS the U.S. Army Corps of Engineethe National Weather Servicaad Dayton Power and
Light Companyare cooperative partners on one or more oRfgages.

MCD alsomaintains recording gages on the downstream side of M@0 protectiordams and
a network of nosrecording crest stage, wire weight, and staff gaghgh are used to measure
water surface elevations during storm events.

The National Weather Ser wsestbedssseadaging nevorkferr For
the Great Miami River Watershéalforecast peak stream flows and provide flood warnings to
communities during large runoff evenBaily monitoring ofthe remote gages by MCD staff

ensure gage reliability and accuracy during significatdarmevents.
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Figure 91 Location of stream gaging stations
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2014 Runoff in the Great Miami River Watershed

Overall, 2014 annual total stream runoff was above the mean annualateigfitof the 13
gaging stationdata from13 of the 5 stream gaging stationgasusedto asses#tal stream
rundf in the Great Miami River Watershddgee Figurel0). Total stream runoff isomprisecdof
both surface runoff and baew. The Holes Creelgaging statiomecorded the highest 201
runoff totalin the Great Miami River Watershatl21.09 inches while the stream gage on
Loramie Creek nedfewportrecorded the lowest runoff total B2.13 inches(see Appendix B,
Summary of Precipitation, Runoff, & Bastow Data)

The gaging station at Hamiltaneasures runoff fahe portion of theGreatMiami River
Watershed upstream of Hamilt¢gee Figurs 10 andLl). 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 previouslyhé Great Miami RiveWatershed upstream of the
Hamilton stream gaging statianains3,630 square mile$ACD estimats 2014 total stream

runoff for this areaat 15.76incheswhich is2.49 inches abovéhe mearfor the gage period of
record

How Runoff is Computed

A USGS software program called PARSTused by MCD staffo compute total runoff, surface

runoff, and base flow from the streamflow recoofishe 13gaging stationg the GreaMiami

River Watershed network listed in AppendixBART uses streamflow paitining to estimate a

daily record of base flow from the streamflow record (Rutledge, 1998)sdthearescans the

period of record for days that fit a requirement of antecedent recession, designates groundwater
discharge to be equal to streamflow on ¢éhéays, 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 mafshegroundwater irawatershed
discharges tastream and if a streamgjag station at the downstream end of the watershed
measures all or most outflow. Regulation and diversion of streamflow should be negligible
the watershed should be characterizgdreally diffuse recharge everitsat are roughly
concurrent with peakin streamflowThese conditions are likely met fb8 of the 25tream
gaging stations in the Great Miami River Watershed with drainage areas of bé&taret500
square miles.

Becausehedrainage area for tHereat Miami River athe Hamiltongagirg stationgreatly

exceeds 500 square milékere is a concern as to whether orthetrunoff analysis by PARTS
appropriate for the streamflow record at this gage. MCD staff comhpameff computations

from PART with manual runoff computationsdompae if there was reasonable agreement
between the methodsICD staff computed total runoff by summing mean ddigchargegor
theentireyearto get a total anralidischarge in cubic feet. Total annual discharge was converted
into inches of runoff byhefollowing equation:

Inches of Runoff = [Total Annual Discharge’|ft Drainage Area (f)] * 12 in/ft

www.MCDWATER.org
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Figure 10 i Location of stream gaging stations used to compute runoff
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This calculation yielded a total runoff ©6.76inches for the Great Miami River at Hamilton in
2014. In comparison, the analysis using PART generated a total rundf.86inches.

2014 Surface Runoff

In general, surface runoff was slightly below normal at most gaging stati@o$4 (see
AppendixB, Summary of Precipitation, Runoff, BaseFlow Data) The Holes Creelgage
recordedhe highest surface runoffhen compared with the other gaging stationsasuring
14.86inchesof surface runoff in 2014Thelowest surface runofivasrecordecat thegaging
station ortheMad River near Urbanavith an annual surface runoff &f91inches.The
watershed upstream of the Holes Creek gaging station is highly urbandedntains a high
percentage ampervious surface Precipitation tends to be routetb 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, medownward, and enter the saturated zone in the
aquifer. This process reduces surface runoff.

To estimatesurface runoff for thentire Great Miami Rivewatershedipstream of the Hamilton
gaging stationMCD staff compared surface runoff estimates using PART analysis of the
Hamiltongaging statiorstreamflow record with surface runoff estimates using PART analysis of
eight upstreangaging statiorstreamflow records (see Figurg)1The eight upstream gaging
stationsall have drainage area$less than 550 iand meet the remaining criteria for analysis

by PART.

MCD daff used PARTanalysis of thestreamflow record at thdamilton gaging statioto
compute total runoff and base flow runoff for 208urface runoffor 2014 was estimated by
subtracting base flow runoff from total rund®fART analysis of the streamflow record for the
Hamiltongaging statioryielded an estimate af.93inches for surface runoff in 281

For PART analysis of the upstream gage stiftawv recordsMCD staff used PART to compute
total runoff and baseflow runoff. Surface runoff was estimated by subtracting base flow runoff
from total runofffor each gageMCD staffthenestimated surface rundir theentire drainage
area upstream ¢ddamiltonby computing an averag®14 surface runoff othe eight upstream
gages weighted bihe drainage area of each gagke resulyielded an estimatef 6.61inches

for surface runoff in 204

A comparisorof the two calculations shows reasonalgeeament, so the analysis of the
Hamilton streamflow record using PARippearwvalid. For the purpose of this report, a surface
runoff of 7.93inches is usewnhichis 1.57inchesabovethe mean annualurfacerunoff (6.36)
inches)for theHamiltongagepetiod of record Surface runoff contributeabout50 percent of

the total runoff measured at t@eat Miami River at Hamiltogagein 2014.

2014 Base Flow Runoff

Annual base flowgxceededhe periodof-record mean annual base flan10 of thel3 stream
gaging stationg 2014 (see Appendix B, Summary of Precipitation, Runoff, & Bekev 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 treatplents.The stream gaging station
recordingthe highes014 baseflow (14.97 inches)wasthe Mad Riverat UrbanaThe stream
gaging station with the lowest 2hrecordedase flow(3.26 inches)is locatedon Loramie

Creek near Newport.

Figure 11 7 Drainage areas of stream gaging stations used to compute runoff

o

y HARDIN

e

g oY
AUGLAIZE P 2\
P
o

ey

MERCER LOGAN

LBY
e iarf iver

at Sid
3261500 \/

IGN

10

CLARK

©

c
L
T
=

reek
ear Kettering

2711300 EXPLANATION
Holes Cred]

Continuous Recording Gage

@ MCD-USGS Cooperative and
8-digit identification number

—— Streams

I:] Ohio Counties

Gage Drainage Area
- Loramie Creek
Great Miami River Sidney
WARREN \ Stillwater River Pleasant Hill
Grea i River | I WMad River Springfield
at Hamilto - Wolf Creek Dayton
00 :
- Holes Creek Kettering
- Twin Creek Germantown
1 [ sevenmile Creek Camden
HAMILTON Great Miami River Hamitton

. - Great Miami River Watershed
1 Miles (Excluding the Whitewater River)



http://www.mcdwater.org/

2014 Water Resources Report for the Great Miami River Watershed 19

PART analysis of the Hamilton gage streamflow record resulted in a base flow runoff estimate of
7.83inchesfor 2014. A weighted averagef PART base flow estimates for the eight upstream

gage yielded a base flow estimate/21inches. Comparison of the two estimates shows
reasonable agreement, so PART analysis of the Hamilton gage streamflonargueadyvalid.

For the purpose of this report2814 base flow runoff of7.83inches is usetbr the drainage
areaupstreanof the Hamilton gagelhis estimate for base flow runa§0.92inchesabovethe

mean annual base flow rund€.91 inches)for thegageperiod of record. Base flow contributed
about50 percent of the total runofhat wasneasuredt Hamiltonin 2014.

A base flow indexvas computedbr each of the stream gagbsit ardisted in Appendix B. The
base flow index is computed by dividing mean annual base flow runoff by mean annual total
runoff. The Mad Rivemgaging stationat Springfield,Eagle City and Urbanand the
Bokengahalas Creek gaging station at@aff havesignificantly higher base flow indices than
other stationsHigher base flow indices for the Mad Rivaard Bokengahalas Creglging
stationsarethe result otheinflow of groundwatefrom the buried valley aquifer inthe river

or streancthannel Base flow indicesn other areas of the Great Miami River Watersiag/
widely (see Figure2).

Trends in Annual Runoff

The mearannualrunoff at Hamiltongagingstation for the & years that the station has existed
is 1327 inches The annual runoff at Hamiltoexceededhe mean annual runoff @827 inches
for eightconsecutiveyears from 2001 through 20@8ee Figurd 3). A Mann-Kendall trend
analysis was p&rmed on the annual runoff data (Helsel, 1992). The results suggest there is
increasing trend iannual 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 daifiow recorded at the stream gaging station in281 the Great Miami
River at Hamilton wag0,700 cubic feet per second (cfs). This flow was recordedoril 4.
The lowest 204 mean daily flow at Hamilton wag60 cfs recorded o®ctober2. The mean
daily flow for the GreaMiami River at Hamilton in 204 was4,213cfs. The period of record
mean daily flow for the Great Miami River at Hamilton is45%fs.

The Hamilton stream gaging station has a sufficient period of record to look at trendsywafive
interval mean dailgteam flowsack to 1931. The data illustrates an increasing trend in mean
daily flow after the 19611965 interval (see Figuret)l The 20032005intervalhas the highest
five-yearinterval mean daily flow (4,657 cfs) of afiye-yea interval going back to 1931. The
20062010 interval has the second highest-yearmean daily flow (4,406 cfs).

A Mann-Kendall trend analysis was performed onfikie-yearinterval mean daily flow data

(Helsel, 1992). The results suggest them@mimcreasing trendh five-yearinterval mean daily
flows for the Great Miami Riveruting the time period of 1932010.
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Figure 12 i Base flow index of stream gage drainage areas used to estimate base flow runoff
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Figure 13 7 Annual runoff for the Great Miami River at Hamilton
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Figure 14 i Mean Daily Flow by 5-year Intervals for the Great Miami River at Hamilton
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The annuasevendaylow flow is the lowest mean value for asgvenconsecutiveday period in
a year.The 2014 sevendaylow flow measured on the Great Miami River at Hamilton ®@&
cubic feet per secondf§). There is a sufficiently long period of record of stream flow for the
Great Miami River at Hamilton to look at trendssievendaylow flows measured at Hamilton
since the gaging station was established in 1BRID staff performed a ManKendall test on
thesevendaylow flow data for the entire period of record. The results indigatecreasing

trendin thesevendaylow flow for the period analyzed (182014) (see Figure 5).

Figure 157 Annual 7-day Low Flows on the Great Miami River at Hamilton
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Streamflow data collected at the stream gaging station on the Great Miami River at Hamilton
indicates increasing trends in the meaily flow and thesevendaylow flow since 198. These
trends coupled withabove normal precipitation 17 of the 21 yearsfrom 1990to 2014, suggest

a tendency towards wetter climate conditiomsr 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 AggeendixC, RORA Calculatel Groundwater
Recharge DajaGroundwaterecharge in the Great Miami River Waterslogidinatesirom

precipitation that infiltrates through the soil or fractures in bedrock and eventually reaches the
aquifer.Once precipitation enters the aquifer systertows toward nearby streams and rivers
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entering the stream or river channel as base fldve 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 severatlde@r moréRowe Shapiro&
Schlosser1999).

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 Hstiation. 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; therefora2004!

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). GrourdWwatger

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 buriley eguifer 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 rela 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
withdr ai nage areas that dondt poshApmedxCtRORA e hydr
Calculated Groundwater Recharge Data). The Bokengahalas Creek Watershed has a much
smaller drainage area than the Mad River Watershed, but it too possesses buyied|udée

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 R@QRAIsedto estimate the groundwater

recharge to aquifers lated 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 renggsion

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 i 2014 Groundwater Recharge to Aquifers

50
M 2014 Precipitation M 2014 Runoff M 2014 Recharge M 2014 Baseflow

45

40

35

30 +

Water quantity in inches

15 -

10 -

River at
Sidney
Greenville
Creek near
Bradford
Stillwater
River at
Pleasant Hill
Mad River
near Urbana
Eagle City
Mad River
near
Springfield
Sevenmile
Creek at
Camden

Bokengahalas
Creek at
DeGraff

Loramie Creek

near Newport

Great Miami
Mad River at
Wolf Creek at
Dayton
Holes Creek
near Kettering
Twin Creek
near
Germantown

2014 Groundwater Levels

Data collected in 2014 on groundwater levels illustrate that groundinatkeallow observation
wells near rivers oftefluctuates and mimics trends in river levdlbelevels recorded diuried
valley aquifer observation wsltlosely mimic trends in river dischargéroundwater levels rise
whenriver flows increaseluring runoff events antall whenriver flows recedeThisillustrates
the coupled nature of tlerface water and groundwat@&he datacollected a®4 observation
wellswasusedto analyze groundwater levels and changes in groundwater sthweagg 204
(see Figure 17). Of those welB2 are screened in buried valley sand and gravel de@or=i2
are screened in upland glacial sediment aquifers surrounding the buried valley system.

Groundwater levels &0 observation well siteare shown in Appendix D, Groundwater
Observation Well Hydrograph$he hydrographs in Appendix D illustrate fluctuasan 2014
groundwater levels in the buried valley aquifer. Many of the hydrographs also show river
discharge at the nearest gaging statMost of thehydrographs show peak 2014 groundwater
levels occurred in April or MayGroundwater levels tended to tiee at most observation wells
after Junereaching 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 dgrithe winter and spring seasons followed by
groundwater recession during the summer and fall.
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Figure 17 7 Locations of wells used for the analysis of 2014 groundwater levels
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Statistical plots are alsshownin Appendix Dfor 13 observatiorwells with 10 or more years of
record. The statistical ploshowhow 204 groundwater levels compare witlonparametric
statistics for each welln general, groundwater levels started2@fnormal to slighthabove
normal levels and finished the yeamatrmal toslightly belownormal levels.

2014 Groundwater Storage

In 2014, here was a small net loss in groundwaterestan aquifers in the Great Miami River
WatershedThe net change in groundwater storémethe Great Miami River Watershed is
estimatedrom the beginning to the end thfe year The dange in groundwatestoragg ggjSn
2014 wasestimatedor each observation webly multiplying the change in groundwater level
( g Hrdm the beginning to thend of the year by a storage coeffici€®} as stated in the
following equation

a5y = a8 (
InthisreporfcpH i s defined as the difference between
groundwater level measurement at a particular observation wellh 20bpH i s hi ghl y v e

from obsevation well to observation well (see figure 18). Most observation wells recorded
groundwater level declines of 2 to 6 feet in 20Hawever, there were somechtions that had
smal | (O 2ft) i nSomed thesesiteb are locapad naampngavelld ahd
may reflectchanges in pumping conditions

Storage coefficienfS) values used in this report wdsased upon values reportedlimseph&
Eberts(1994 and Spieke(1968). The median storage coefficient value for sand and gravel
aquifers mder unconfined conditions from data reported in Jogepherts is 0.10. The median
storage coefficient for sand and gravel aquifers under confined conditionsd6.0.86se
numbers are in reasonable agreement with storage coefficient paridistedn Spieker. For
this reportvalues of 0.10 and 0.06 are used as estimates of the storage coefficient for
unconfined and confined sand and gravel aquifers

Appendix Eshowscomputations ofd for each of thé4 observation wells used to estimate
mean groundwater storage for the watershed. The observation wells were divided into two
categories, buried valley aquiferwpland glaciasedimentquifer, based upon the aquifer the
well was screened ithe mean 204 groundwaterp Hfor the buried valley aquifer wells 2.1
ft. The mean 204 groundwaterp Hfor wells installed in upland glacial aquifers-&0ft. The
negative valueseflect adeclineof groundwatetevels in both aquifer systems from the
beginning tahe end of 204. Differencesin groundwatemeang Hbetween the two aquifer
systems artargely due tdhe followingfactors:

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

2. The luried valleyaquifer systenoccurs at lower elevations and is a focal point for surface
runoff from surrounding upland areas
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Figure 18 i 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 largggestmefficient
and greater ability to store water.

Confined or unconfined aquifer determinations for each avelbased upon analysis of well
logs, groundwater level and temperature records, and regional aquifer Sthdi@searchange
in groundwatestorage for the Great Miami River Watersledstimated by computing a
weighted average ap G for the buried valley andpland glacial aquifenbservatiorwells. The
weighted averages based upon the land surface area of the buried valley aquifems{a&é
mi?) versus the land surfaeeeaof the upland glacial aquifer systdB8642 mf). Meancp Sfor
buried valley and upland glacial aquifé&s®stimated at2.1and-0.5 in respectivelyThe
estimated2014 mean groundwatep G for the entire Great Miami River Watershed0s 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 timeln 2014, the total water irdlv 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 basedtugam flow data
collected at the Hamilton gaging station.

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

avail able from ODNRG6s Division of Soil and Wa
obtained for year 20082013 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
equatiors, .

Il nfl ows = Outflows N @Storage

or

P=R+ET+C+U+pS+tpg (1)
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Where:
P =precipitation
R = runoff fromsurface wateand groundwater
ET = evapotranspiration
C = consumptive water losses from human activity
U = subsurface underflow of groundwater
o $= change in soil moisture
o § = change in groundwater storage

MCD estimated gbsurface underflofU) of groundwater at # Hamilton gaging station by
using the formula,

U=T-I-L (2)
Where:

T = buried valley aquifer transmissivity

| = the hydraulic groundwater gradient

L = width of the buried valley aquifer

Aquifer pump tests by USGS near the HamiltontNaevellfield determined &ransmissivity(T)

of 50,000 ft/day for thesemi confinegportion of the buried valley aquifer system (Sheets
Bossenbroek, 2005). This value agresth previous estimates for aquifer transmissivity by
Spieker (1968)The hydaulic gradient of the buried valley aquifer system at the Hamilton
gaging stationis estimatedrom 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 wasbtainedfrom GIS overlays of the buried valley aquifer and
determined to be approximately685 feet.

Substituting values for T, I, and L into equation (2) yseldalue of 733,12&%dayfor U.
Converting U to inches of water over the entire watergleeglear yields a value of 0.03 inches
which is negligible when compared to other outflowsis assumed to be fairly constant from
year to year.

Soil moistureand changes in soil moistuare 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 oagring in early wintewhensoil moisture tends to be at field capacity or fully
saturatedSince the water budget cycle begins and ends when soils are safpi§iseassumed

to benearzero.

Changes in grougdim@g20Bwe rs¢ od iageu I Ipgddr2Qi4ise vi ou s |
estimated to bed.6 inches.

EvapotranspiratiofET) losses for 2024 werenot directly measured. Howevdxy rearranging
equation (1) to solveof ET, an estimate can be made,

ET=P-(R + C N WSNEB)PpS

Substituting known values rounded to the neasrghand assuming that C and U are negligible
when compared to other outflowasn d sisé&q equation 3 simplifies to
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ET =39.171 (15.8+ 0.3+ 0.6)
ET =224 inches

30

The estimate@014 water budget fothe Great Miami River Watershed indicates thaflows
from evapotranspiratiomunoff, and consumptive useere slightlygreaterthaninflows from
precipitationresulting ina netwater storagaithdrawal fromaquifers (seTable 2.

Table 21 2014 water budget summary

Inflow Watershed Area
(mi?) Inches | Acre-feet | Gallons
Precipitation (P) 3630| 39.1| 7,560,080 2,463,462,868,10
Watershed Area
Outflows (mi2) Inches | Acre-feet | Gallons
Evapotranspiration (ET) 3630| 22.4| 4,336,640 1,413,100,339,19;
Total Runoff (R) 3630, 15.8| 3,051,136 994,217,024,36]
a. Surface Runoff 3630 7.9| 1,535,248 500,262,754,00¢
b. Base Flow Runoff 3630 7.8| 1,515,888 493,954,270,35!
Consumptive Use ( C) 3630 0.3 65,824 21,448,844,434
Total Outflow 3630| 38.5| 7,453,600 2,428,766,207,98
Watershed Area
Releasegrom Storage (mi2) Inches | Acre-feet | Gallons
Groundwatery) Sto 3630 0.6| 116,160, 37,850,901,94:

Summary of Water Quantity

In general, watelbudgetinflows andoutflowswerenearaveragen 2014. Of the39.05inches of
precipitationreceived in tke Great Miami River Watersheeh estimated 5.76inches flowed out
of the Great Miami River Watershedagface and base flomnoff. The average groundwater
recharge in the Great Miami River Waterslgédstimated at.88inches. In generathe buried
valley aquiferreceivedmost of itsrecharge in 204.during thewinter and spring seasarkhe
total amount of recharge received by the buried valley aquifeshggly belownormal and
groundwater levelended 2014 at mmal to slightly below normal levels

The year 204 can probably best be described as near normal in terms of hydrologic conditions
Recent trends in hydrologic data for the Great Miami River Watershed inditabelency

toward wetter than norrhaonditions. Aove normal precipitatioaccurred imineout of thel0
years during the decade 20002009 and for I out of the las25 yearsfrom 1990 through

2014. Similar trends are present in annual runoff, mean daily flowssewehday low flowsfor

the Great Nami River WatershedClimate variabilityand changes in water use may contebut

to these trends.
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Great Miami River
helps recharge the

WAT E Q UALIT TY Buried Valley Aquifer

Background

Groundwater and surface water in the Great Miami River
Watershedire connectedNater is continuously exchanged
between rivers, streams, atié underlyingaquifers.

Degradation of water quality in streams can threaten aquifef
and vice versaMCD strives to increase regional understandifng
of water quality conditions in surface watnd groundwater resourcasd hasnanagd a
surface water qualitgnonitoring program in the Great Miami River Watersbette 2006

Buried Valley Aquifer
provides flow to the
Great Miami River

The interaction betweeagroundwateandsurfacewater 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 & 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 loachizsgi

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 oftennduce 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 weldlg. monitoring nutrient levels in rivers and
streams is a key component to understanding groundwater aedlffotential pollution

concerns.

Nutrient Monitoring

MCD operates and maintains four nutrient monitoring stations in the Great Miami River
Watershed (see Tab®. In 2014, samples for nitrogen and phosphorus analysis were collected
at all four locatns(see Figure 20)

9 Stillwater River at Englewoogrovides data for the Stillwater River Watershed upstream

of Englewood Dam.

1 Great Miami River downstream of Taylorsville Dam at Huber Heightsides data for
the Upper Great Miami River Watershed.
Mad River downstream of Huffman Daprovides data for the Mad River Watershed.
Great Miami River in Fairfield, Ohioear the Greater Cincinnati Water Works Bolton
Water Treatment Plant provides data for the entire Great Miami River Watershed
upstream of thgaging station at Hamilton, Ohio.

= =4
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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 Universitis located on the Great Miami River at
Miamisburg. This stationisparfo Hei del ber gé6s Ohi o Tri butary Mo
been in operation sind®96 Data collection on the Great Miami River at Miamisburg station

followed the procedures outlined in the chemical monitoring sections of a U.Sajgitéved

Quiality Assurace Project Plan (QAPP) (Baker, 2009).

Data collection at the four MCD monitoring statioesonducted according to a U.S. EPA
approved Quality Assurance Project Plan (QAPP) (MCD, 2009). Et@tretrievesvater

samples from the automated samplers \eakd 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 31 Attribute data for nutrient monitoring stations

Location Map | Monitoring Station Nearest USGS USGS Drainage
Number Name Stream Gage GagelD Area (miz)
1 Stillwater River at Stillwater River at 03266000 650

Englewood Englewood
5 Great Miami _Rlver at GreatMiami Rlver at 03263000 1,149
Huber Heights Taylorsville
Mad River near Mad River near
3 Dayton Dayton 03270000 635
4 Great Mlar.nll River | Great Mlaml River at 03274000 3.630
near Fairfield Hamilton
5 Great _Mla.ml River aff Great Mllaml. River 03271601 2715
Miamisburg below Miamisburg

2014 Nutrient Concentrations

In 2014, median and mean comdegations of nitrate + nitritexceeded th©@ EPArecommended
nutrienttarget concentratiora all sampling @tions(seeAppendix G).The highest observed
concentration for nitta + nitrite in 204 was11.80mg/L in a sample collected from tl@&reat
Miami River at Huber Height€hio. This concentration exceeded the drinking water primary
maximum contaminant level (MCL) of I@g/L.

Total nitrogen concentration and river disa®plots for each of the sampling stations are
shown in AppendipH. The plotdllustratetotal nitrogen concentrations tend to rise quickly
during runoff events. As the runoff event enid$al nitrogen concentrations quickdgcreaséo
levels approachinthe annuaR5™ percentileconcentrationThe 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 pipt®rus samples collected in 20dxceeded thOEPA
recommended nutrient target concentration at all monitoring stations. Median concentrations of
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total phosphorus samples collected in 2@/k4ebelow the OEPAecommended nutrient target
concentration ahe Stillwater River at Englewood, Mad River near Dayton, and Great Miami
River at Miamisburg station3he highest total phosphorus concentration measure@.\/as
mg/L in a sample collected from ti&eat MiamiRiver near Fairfield statian

Total phospbrus concentrations and river discharge plotsliarstratedin AppendixH. The

levels of totapbhosphorugend to rise sharply with runoff events throughout the year at all five
nutrient monitoring station®hen the runoff events enbtal 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

pronouncd in the data collected from the Great Miami River at Miamispangl Great Miami

River near Fairfieldtations Generally the observed rise in total phosphorus concentrations

during low flows is not as great magnitudeasduring 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 (20@614). In 2014, annual stream flows
measured at or near the monitoringtisins 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 éstirog subtracting

measured total nitrogen and phosphorus l@atise 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 estimaté 2014annual l@ads for the entire Great Miami River Watershed upstream of

Hamilton are: 2263 metric tons of total nitrogen 21588 metric tons of dissolved inorganic

nitrogen and 2,06 metric tons of total phosphorubotal nitrogen and dissolved inorganic

nitrogen loa 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 thea2008 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 concentratamg time window for which the

streamflow and pollutant concentration data is to be applteelpollutant loadsrecalculated

using a numeric integration approach (Richards, 1998). Mathemateradipnual load for
nutrientsis estimated by using the eagtion:
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n
Load gt kxc
i=1
Where k is a constant usto convert units to metric torperyear, ¢is the ith observation of
concentration, i@s the corresponding observation of flow, ajyid the time interval represented
by theith sample.

Thetotal nitrogen concentratiomgeestimated 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, he highest total nitrogesgind dissolved inorganic nitroggreld estimates came from

the Lower Great Miami River Watershékhe yield ofawatershed is computed by dividing the
pollutant load by the watershed ar€atal nitrogen, dissolved inorganic nitrogeand total

phosphorus yiellwerecomputed forll five nutrient monitoring stations, and used to determine
subwatershed yieldsee Appendix K)The size of a watershed can overshadow the effects that
land use and the phygjraphy 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 giweatershed are better observed when yields ratlaer t

loads are compared.

Total nitrogen was estimateadi3,083 and dissolved inorganic nitrogen was estimated at 1,238
kg/kn?. The Lower Great Miami River Watershed alsad the hipest total phosphorus yield at
481 kg/knf. TheMad RiverWatershed had tHewest total nitrogen and dissolved inorganic
nitrogen vields (1,680 and 1,121 kg/Kkim 2014. The Upper Great Miami River Watershed had
the lowest total phosphorus yield (81 kgfm

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 sandés 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. Tleeaddiected 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 dissad 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 i Locations of MCD and Heidelberg nutrient monitoring stations
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The data isecordedanddeliveredto the YSI EcoNetvebsite remotelyRealtime dtais
accessedt: www.ysieconet.com/public/WebUI/Default.aspx?hidCustomerlD=73

AppendixL illustratestime-seriesplots ofwater temperaturelissolved oxygen levelpH, and
chlorophyll measured #te threesitesfrom June 1to September 30The sondesleployed at the
Mad River near Dayton and Great Miami River at Miamisbuampitoringstations measured
water quality parameters at daily (Bdur) intervals untifugust 8, 2014 after which they were
reprogrammed to collect data at hourly intervals. Siryi) 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 plotsillustratethat sestonic chlorophyll concentrations extabe100 pg/Lin the Great

Miami Riverat the Dayton and Miamisburgonitoringstationson multiple occasionslhe

highest sestonic chlorophyll concentration measurdide Great Miami River at Dayton
monitoring statiorwas 256ug/L on August 9, 2014. Thaighest sestonic chlorophyll
concentration measured on the Great Miami River at Miamighorgtoring statiorwas 242

Mg/L on August 3, 2014. In contrast, sestonic chlorophyll concentrations measured at the Mad
River near Daytomonitoring statiorwassignficantly lower thanmeasured ithe Great Miami
River. The highest sestonic chlorophyll concentration measured at the Mad River near Dayton
station was 13.6g/L on August 30, 2014.

According to Van Niewenhuyse and Jones (1996), an expected rangeafosestonic

chlorophyll levels is 20 to 60 pg/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 mgilean chlorophyll concentrations

measured in the Great Miami River at the Dayton and Miamisburg monitoring stations were both
computed at 48g/L and fell within this reported range.

A study of lllinois watersheds found significant correlations betveestonic 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 sestonidorophyll 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 pg/L, whiclsignificantly lower than the expected range for mean
sestonic chlorophyll reported in the study conducted by Van Niewenhuyse and1B8&es (

Daily variations in dissolved oxygerould notbe assessed prior to August because the
automated data celttion equipmentvasnot 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 remairedbetween 6 and 11 mg/L thughout 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 bitat. 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/LAccording to Ohio EPA, daily dissolved oxygen ranges for large rivers
shouldnot exceed 6 mg/L. Daily ranges exceeding 10 mg/L are considereditauseallyhigh

and an indicatin of nutrient oveenrichment.

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 measubefoants

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 standardmeisthroughout 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 concentratiorere above 6Qg/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 dissobyggen variations did not
exceed 5 mg/L from midugust to the end of September. The stretch of Great Miami River at
the Miamisburg monitoring station is designated as Warmwater Haldi@aplot in Appendix L
illustrates thathe minimum dissolved oxygestandard 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 concentratiomsislindicative 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 downstretira 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 minimumafa7.91 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 $5¥ 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 25.1@ and a minimum value of 14. The mean water
temperature measured at the Great Miami River at Dayton monitoring stati@2 \WasC with

a maximum value of 27.6Z and a minimum value of 17.08. The mean water temperature
measured at the Great Miami River at Miamisburg monitoring station was Z3Wigh a

maximum value of 28.41C and a minimum value of 17.2€.
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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 significardlgratan water
temperatures in the Great Miami River. Cooler water temperatetpso keep dissolved oxygen
levelsfrom within minimum water quality standards.

The data illustrates striking differences in algal biomass indicators between the Maddrive
Dayton monitoring station and the Great Miami River monitoring stations. The concentrations of
chlorophyll are significantly higher in the Great Miami Ritleanin the Mad River which

indicates greater algal biomass. The nutrient level data eall@ct2014 illustrates that total
phosphorus and total nitrogen concentrations tend to be higher in the Great Miami River than in
the Mad RiverHigher nutrient concentrations in the water column combined with warmer water
temperaturemaygive rise to grater algal biomass.
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Figure 27 Locations ofcontinuous 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 determindnetheror notthey meet state water quality standards.
OEPA doesiot monitoreach riverannually.

OEPA divides the Great Miami Riv@¥atershednto eight different study areafhemainstem

of the Great Miami Riveis divided intothreestudy areasuppe, middle, and lower. Thstudy

area of thdJpper 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. Thetudy area ofte 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 1995sfTidy are of th&ower

Great Miami Riveextends 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 streamslhe biological use designations in the Great Miami River Watershed include
Exceptional WarmwatekVarmwatey Modified Warmwater, an€oldwater The use

designations are defined in Ohio Administrative Code (OAC) 3783 as follows:

Exceptional Warmwatdr waters capable of supporting and maintaining exceptional or
unusual communities of warmwater aquatic organisms having a species compaosition,
diversity, and functional organization comparable to the sexfdtitypercentile of the
identified reference ®s on a statewide basis.

Warmwateli 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 twéfity percentile of the
identified reference sites within each of the ecoregions in Ohio.

Modified Warmwatei 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.

Coldwateri waters which support trout stocking and management under the auspices of
O D N RDBission of Wildlife, excluding waters in lake rwstocking 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 OEPAtady of the Upper Great Miami River concluded that the Great Miami River
attained or partially attained/armwaterhabitat standards. When impairments were identified,
they tended to be on tributary streams and upstream of impounded areas of the rivr, such
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 (P&, 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 Habitab&fiai 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 deterthineOEPA 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. Nutsi@mter 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 agnidture 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 ohgtoplankton and periphyton such as algae and cyanobacteria.
When phytoplankton and periphyton growth is overstimulated it can disrupt aguatic ecosystems
and cause biological impairment. The OEPA report that nutrient concentrations in the water
column of he Great Miami River and its tributaries frequently indicated enrichment. According

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

cause of impairment.

Oh i oNatsient Standards

Currently, there are no statele standards for kstream nutrient concentratiomsOhio 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 Code037 Bt

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 wateraximum 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 RathR®8). 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 associatiamongnutrients, habitat, and biota in rivers and stream, OEPA
researchers propose a tiered or maiitieria approach for evaluating impacts of nutrients on
attainment of water quality standards (Ohio Environmental &foteAgency, 1999). Tabké
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illustrates the proposed statewide nutrient target concentrations (Ohio Environmental Protection
Agency, 2013b)

Table 41 Recommended statewide nutrient target concentrations for rivers and streams in Ohio

Stream Drainage EWH* WWH* TP* | EWH* Nitrate WWH*
Type Area (mi?) TP* (mg/L) + Nitrite Nitrate +
(mg/L) (mg/L) 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 T rivers and streams that are designateelxasptional warmwater habitat
*WWH 1 rivers and streams that are designatedasnwater habitat
*TPT total phosphorus
Nutrient target concentrations obtained from Tables 1 and 2 of Edhvibponmental Protection Agency, 1999.
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proposes pairing nutrient concentration data with biological data to determine attainment of
water quality standards. Exceedesof 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 aghef last OEPA Biological and Water Quality Report

At 15 out of 17 sites sampled by OEPA in 20@@dian total phosphorus concentrationgver

samples exceeded recommended nutrient criteria target concentrations. OEPA concludes that
high quality streanchannel, 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 oh,Dayto
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 qualitylCD staff collected groundwater samples at folbiservéion
wellsin 2014 (see Figure 22%amples were collected at all fdacations oncdetween July 16
and July 30 and once between October 8 and Novembere&:aluate laboratory precision,

duplicatesamples wereollected at onécationduring each sampling everithe groundwater

was analyzed for a range of compounds including major ions, metals, pesticides, radionuclides,
polychlorinated biphenyls (PCBs), volatile organic compounds (VOCSs), and semivolatile organic
compounds (SVOCSs). Thanalytical results can be foundAppendix 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
can easily meet alederaldrinking water standards. The groundwater quality in two monitoring

www.MCDWATER.org



http://www.mcdwater.org/

2014 WaterResource®Reportfor the Great Miami River Watershed 43

wells, named BUT10014 and CLA1®)Ieflecsimpacts from current or past land use
activities.

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

the well. The monitoring well depths and screened intervals are summarized in Table 5. The
bladder pumps allow loxlow purging techniques to be used as outlined in Puls and Barcelona
(1996)to sample the groundwaterrd@eindwater samplesrestored on ice and delivered to a
laboratory for analysis on the same day as sample collection.

Table 51 Construction details for monitoring wells

Monitoring Casing Screened Aquifer

Well ID Diameter (in) Well Depth (ft) Interval (ft) Screened
BUT10016 2 65 60- 65 Sand and Grave
BUT10014 2 40 35-40 Sand and Grave
MON10016 2 108 88-108 Sand and Grave
CLA10018 2 16 11-16 Sand and Grave

2014 Groundwater Quality Monitoring

Nitrate concentrations measuredaisample collected from well CLA10018 duridgly

exceeded the drinking water maximum contaminant level (MCL) of 10 rrgthat same well,

the nitrate concentration was just belowd@L in the sample collected the fall. The drinking

water MCL is a hman healthbased benchmark intended to protect infants below the age of six
mont hs from met hemogl obinemia or fAblue babybo
groundwater include nitrateontaining fertilizers, sewage and septic tanks, and decayin@hatur
material such as animal waste.

|l ron, manganese, and total dissolved solids a
presence does not pose a health threat, however, they can have adverse aesthetic impacts causing
water to appear cloudy oplored. 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 exisal this standard

The SMCLset bytheU.S. EPAfor 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 rexoa,gas escapes from

www.MCDWATER.org



http://www.mcdwater.org/

2014 WaterResource®eportfor the Great Miami River Watershed 44

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 collé¢tem 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 goth{gfrequently
used in packaging materials and tubing used in the food and beverage industry. The MCL for
bis(2ethylhexyl) phthalate is 6 pg/he presence of bis@hylhexyl) phthalate in groundwater
is an indication of human sources since the camganust be manufactured and does not come
from natural sources. Plastic matesiate common in the environment and enter rivers and
streams through stormwater systems and trash degdosstaot surprising to find trace
constituents of plastics in grodwater close to rivers and streams.

None of the groundwater samples collected in 2014 excekdddCL for bis(2ethylhexyl)
phthalate however the compound was detected at concentrations below the MCL in monitoring
wells BUT10014 and MON10016 duringlyuThe 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€hylhexyl) 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 pug/L. Trichloroethene is a manufactured
compound that does not gimate from natural sourcess presence in groundhter 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 tinvsnitoring well BUT10014 is located at Smith Park in
Middletownand islocatedclose to the former Aeronca Air Products séesite which underwent
environmental c¢cleanup activities funded throu
Richter, 2012).It is possible thathe trichloroethene detected in groundwater samplesated

from BUT10014 originated from this site.

None of the other parameters analyzed in 20&represent at concentrations exceeding a

human health based benchmadkher than the detections of bisthylhexyl) phthalate and
trichloroethene, thereave 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 i Locations of monitoring well sites
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Table 6 is a summary plarameters 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 1 Summary of significant detections of contaminants in groundwater samples.

July 2014 Benchmark Sample Sites

Parameter Units Type Value BUT10014 | BUT10016 | BUT10016 CLA10018 | MON10016
Nitrogen, NitrateNitrite 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 4747 446.4 348.1 133.8
Bis(2-ethylhexyl)phthalate pg/L MCL 6 1.08 <1.00 1.04 <1.00 1.61
Trichloroethene pg/L MCL 5 22.6 <1.00 <1.00 <1.00 <1.00
October/November2014 Benchmark Sample Sites

Parameter Units Type Value BUT10014 | BUT10014' | BUT10016 | CLA10018 | MON10016
Nitrogen, NitrateNitrite 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 i Maximum Contaminant Level set by® EPA

SMCL1 Secondary Maximum Contaminant Level set b.EPA
HBSL1 Non enforceable Health Based Screening Level

! Duplicate sampleresult

Numbers in bold exceed a benchmark
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CONCLUSI ONS

Perhaps the best word to summatlze2014 water quantitgonditions ofthe Great Miami
River Watershed isormal Cumulative pecipitation for the year waa the longterm mean
Total runof was slightly above normaGroundwater recharge was near natnGroundwater
levelsat most MCD observation wells in the buried valley aquifegan 204 atnormal to
slightly-abovenormal levels anénded thegear at normal to slightipelow-normal levelsThe
water budgetotals showa small netwithdrawalof groundwater in the aquifefsom the
beginning to the end of the year.

Thewater qualityconditionsindicatethatphosphorus and nitrogexontinue to béresent in

surface waters at concentratidhat reflectnutrient enrichmenfThe nutrient loads angelds

were estimated for each of the four major Great Miami River subwatersheds: Stillwater River,
Upper Great Miami River, Mad River, and Lower Great Miami Rifdian and mean
concentration$or bothnitrate + nitriteand phosphorusxceededhe OEPA-recommended target
concentrations at all nutrient monitoring statiddsth nitrogen and phosphorus concentrations
in the water column are drivday flow. This meanshat changes in river flowausechangego
nutrientsconcentrationé the river Total ntrogen concentrations tend to be highest at higher
flows while total phosphorus and orthophosphate concentrations tend to increase during high and
low flows. Whenthe 2014 data isompared with all the loads and yields measured since 2006,
the2014nutrient loads and yieldareslightly below the mearin 2014 thedata collecte@tthe
Lower Great Miami Rivemonitoring statiorhadthe highest total nitrogeand total phosphorus
yields when comparedith thedata collectedt the Stillwater River, UpperGreat MiamiRiver,

and Mad Rivemonitoring stations

Because surface watendgroundwateinteract the nutrient enrichment of surface water
potentially impacts groundwater and vice veildae presence of excessive amounts of nutrients
in streams is rtoonly a threat to the ecological health of aquatic ecosystemsface watetit is
alsoa potential threat to the quality of drinking water resoudcas/n from the aquifers

There were tgher water temperatures, sestonic chlorophyll concentsateord daily dissolved
oxygen variationsletectecat themonitoring stationsocated on the Great Miami Rivethen
comparedvith themonitoring statioocated on the Mad RiveAlgal productionin theGreat
Miami River may beenhanced by the lower flowelocitiesthat exist inthe impounded sections
of riverthat are locatedpstream of lowhead dama/armer water temperatures and higher
nutrient concentrations in the water columayalsocontributeto enhanced algal production

The analysis ofgroundvater from several observation wellglicates the presence of the
nuisance contaminants iron, manganese, and total dissolved solids in one of tmosewells.
Radon levels were higher than the propasedimum contaminant levelst severalwells. The
contaminantsitrateand tetrachloroetherveere both detected in groundwater samples at
concentrations above tieaximum contaminant levelrhe data collected at these wells may
reflect the presence of legacy industrial pollutants.
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Append4iPxr e~k i pitation Dat
YEARS OF | MEAN OF
STATION RECORD* | RECORD* 2014 TOTAL DEPARTURE

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
Brookuville 44 39.17 38.42 -0.75
Centerville 51 41.97 46.68 471
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
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Drainage 2014 2014 Runoff | 2014 Surface 2014 Mean Mean Surface Mean Baseflow

Station Name USGS ID |Area (miz) Time Period | Precip (in) (in) Runoff (in) [Baseflow (in)| Runoff (in) Runoff (in) [Baseflow (in)| 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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Groundwater

Rechar ge

Amount
Period of Record Mean |Above/Beloy
Station Name USGS ID Drainage Area (mi?) Period of Record | 2014 GW Recharge (in) Annual Recharge (in) 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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W Great Miami River at Piqua MI-43

Water elevation in feet above mean sea level
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2014 Groundwater Elevations at ODNR Observation Well H-1
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2014 Groundwater Elevations at Observation Well BU-179
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