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EXECUTIVE SUMMARY
For nearly 10 years, members of the East Fork Watershed Cooperative have been working together to
monitor and assess the East Fork Little Miami River watershed, including Harsha Lake, a 2,160 acre
reservoir that serves as a drinking water source for about half of Clermont County’s residents. Data
collected by the Cooperative suggest that nutrient loads from the mostly agricultural watershed are
affecting lake water quality in terms of low dissolved oxygen, the prevalence of toxin producing
cyanobacteria and the potential for increased disinfection byproduct formation during drinking water
treatment.
In 2011, Clermont SWCD received a Conservation Innovation Grant through the USDA Natural Resources
Conservation Service (NRCS) for a project that aimed to demonstrate an integrated agricultural best
management practice approach called “cover and capture” in a subwatershed of Grassy Fork, a tributary
to the East Fork of the Little Miami River (EFLMR). The “cover” portion of the project involved utilizing
cover crops to minimize loss of nutrients from bare fields during the winter months, while the
construction of an innovative treatment system based on urban best management practices served as
the “capture” component.
To identify fields to be targeted for cover crops, the project team utilized a Soil and Water Assessment
Tool (SWAT) model developed and calibrated by US EPA‐ORD to identify fields that contributed the
highest nitrogen and phosphorus loads. The Grassy Fork watershed was divided into 65 subbasins,
which were further divided into hydrological response units (HRUs) based on the soil type, land use and
slope. Model runs provided average annual sediment yields for all HRUs. Yields were plotted in ArcGIS
and from this, agricultural parcels with high sediment loadings were located. Clermont SWCD and the
NRCS District Conservationist then worked with producers who farmed these fields to secure a
commitment to plant winter cover crops for a period of three years. In total, producers planted over
260 acres in 10 fields located in a small subbasin of the Grassy Fork watershed.
The second component of the grant project involved the construction of an innovative treatment system
to “capture” fine sediments and bound phosphorus, while integrating hydraulic retention and
biofiltration to add nitrogen removal. The treatment system, completed in 2014, used a combination of
management practices more typically found in urban settings, including detention basins and
bioretention facilities. To minimize the loss of productive cropland, the treatment system was
constructed mostly within the footprint of an existing grassed waterway that drains 180 acres of
farmland, bisected by a driveway with twin 30‐inch culverts. Above the driveway, the waterway was
converted into a linear, 700‐foot long detention basin. Upstream of the detention basin dam, a six‐inch
Hickenbottom riser collects water into a six inch PVC pipe that conveys it under the driveway into an off‐
line, 400‐foot long by 10‐foot wide “submerged vegetated bed.” The bed is two feet deep and layered
with 350 tons of limestone. On top is a thin layer of soil which was planted with wetland species of
plants. Water from the detention basin enters the SVB at the bottom through a perforated pipe that
spans the width of the bed, allowing for the water to be dispersed evenly. At the far end of the bed, the
outlet is positioned on top of the rock within the SVB to provide retention time allowing for the creation
of anoxic conditions.
Monitoring stations with flow meters and automatic samplers have been installed at four critical
locations, including the point of inflow into the detention basin, the inflow point into the SVB, the SVB
effluent, and at the end of the bypass channel. However, because the project team has collected less
than two years of monitoring data, we have not determined the effectiveness of the capture system in
reducing nutrient loads; however, initial data show that the SVB has been effective in removing nitrate.
Sampling efforts will continue over coming years to more completely determine the success of the
project.
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1. INTRODUCTION
In 2011, the Clermont Soil and Water Conservation District (SWCD) received a Conservation Innovation
Grant (CIG) through the USDA Natural Resources Conservation Service (NRCS) to implement a new best
management practice (BMP) that could be reproduced across the landscape to address nutrient loadings
from farm runoff in the Grassy Fork watershed. Grassy Fork is an agricultural tributary to the East Fork
of the Little Miami River and eventually Harsha Lake, which has experienced problems with harmful
algal blooms since 2011.
Under this project, Clermont SWCD and its project partners took a “capture and cover” approach to
reducing nitrogen and phosphorus loadings. Under the “cover” approach, SWCD worked with
watershed landowners to plant nearly 300 acres of cover crops within the 550 acre study area.
Additionally, to promote the use of cover crops beyond the producers participating in the grant, the CIG
project team hosted one workshop, four field days and five tours, and produced and distributed two
educational booklets titled Cover Crops for Southwest Ohio, which reviews the general benefits of cover
crops, an overview of the benefits of individual crops and seed mixes, seeding guidelines, and strategies
for planting, management and termination; and Cover Crop Farmers of Southwest Ohio, a booklet which
contains specific experiences of five local farmers with cover crops.
The “capture” portion of the project involved the transfer of an urban storm water management
practice to an agricultural setting. With the cooperation of Cornwell Farms, SWCD designed and
installed a treatment train that consists of a detention basin and a submerged gravel bed in the location
of an old eroding waterway. Within the same footprint of the waterway, a 700‐foot long upper
detention basin consisting of a trapezoidal waterway with a maximum depth of two feet at the dam
structure was constructed. The basin accepts runoff from a 264‐acre watershed and will detain a 1.44
month rainfall event. The basin was designed to remove suspended solids (and associated phosphorus)
through deposition. Ultimately, the farmer can remove the accumulated sediments and reincorporate
them into the fields. Flow from the basin enters a 400‐foot submerged vegetative bed, where a variety
of rushes, sedges and irises are planted in a 2‐foot deep gravel bed. In this bed, the wetland‐type plants
pull nutrients from the water. Due to the anaerobic conditions in the bed, nitrogen is also removed
through denitrification. Clermont SWCD and Cornwell farms completed construction of the detention
basin and vegetative bed in 2014.
Key personnel involved in implementing the “capture and cover” strategy included:






Lori Lenhart, NRCS District Conservationist for Clermont and Brown Counties. Lori led the effort
to secure the cooperation and commitment of farmers in the Grassy Run watershed to plant
cover crops for a three‐year period.
Jake Hahn, Clermont SWCD technician, designed the submerged vegetated bed treatment
system and worked closely with Cornwell Farms to construct it.
Christopher Nietch, Research Ecologist with the US EPA Office of Research and Development
and manager of the Experimental Stream Facility in Milford, Ohio
Steven Reese, engineer with the consulting firm of Hazen and Sawyer.

The Clermont County Office of Environmental Quality (OEQ) and Clermont SWCD conducted a multi‐
faceted water quality sampling program as part of the CIG which began in 2011 and is still ongoing. The
program involved collecting field data, water samples and hydrology data at seven different sites in the
Grassy Fork Watershed, an agricultural tributary to the East Fork of the Little Miami River (three
instream and four within the capture BMP). Data were collected in support of two CIG project goals: 1.)
to determine if the spatial prioritization for cover crops in a concentrated area can reduce pollutant
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loads by a significant and measureable amount, and 2.) To monitor and demonstrate BMP effectiveness
and generate cost information for a water quality trading model and/or BMP adoption on a wider scale.
Hannah Lubbers, Project Manager for Clermont OEQ, was the lead on the water quality monitoring
portion of the grant. She has been certified by the Ohio EPA as a Level 3 Quality Data Collector (QDC)
for Chemical Water Quality Assessment (QDC No. 274), effective December 31, 2012. She was
responsible for either personally collecting samples or supervising those individuals involved in sample
collection activities. Bill Mellman, Becky McClatchy, John McManus, and Susie Steffensen from the
Clermont Soil and Water Conservation District assisted with water quality monitoring.
The funding for the water quality monitoring portion of the grant is discussed in the Section 3 of this
report. The monitoring for the capture structure was funded mostly with local dollars with some
contribution from grant funds. Numerous agencies, including US EPA‐ORD, NRCS and others, provided
technical, financial and in‐kind support for this project.
2. BACKGROUND
This project aimed to demonstrate an integrated agricultural BMP approach called “capture and cover”
to reduce sediment and nutrient loads from row‐crop agriculture to a subwatershed of Grassy Fork, a
tributary to the East Fork of the Little Miami River (EFLMR), tributary to the Ohio River (Figure 1). The
results of the demonstration will be incorporated into an existing Soil and Water Assessment Tool
(SWAT) model of the upper EFLMR watershed (359 mi2; 71% row‐crop agriculture land cover) draining to
Harsha Lake. The larger scale modeling effort is occurring in parallel by the mobilized group of managers
and researchers of the East Fork Watershed Cooperative (EFWCoop) who aim to determine the most
effective means of managing sediment and nutrient loads in this system.

Figure 1. Map of the East Fork Little Miami River and Grassy Fork Watersheds.
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Water quality data collected by EFWCoop partners suggest that pollutant loads from the watershed are
affecting lake water quality in terms of low dissolved oxygen, the prevalence of toxin producing
cyanobacteria and the potential for increased disinfection byproduct formation during drinking water
treatment. The first harmful algal bloom in East Fork (Harsha) Lake was detected by the EFWCoop in
2011, and in each year from 2013‐2016, recreational public health advisories have been issued for the
lake. These conditions are typical for eutrophic lakes, affecting drinking water safety and treatment
costs and reducing environmental and recreational quality. Managers dealing with impaired water
quality in lakes are limited in sourcewater treatment options and usually resort to treating the water at
the plant or in the lake with algaecides or other management practices. Management practices in the
sourcewaters are available; however, they are often implemented with a shot gun approach and their
effectiveness often goes undocumented. This project used modeling to identify properties that
contribute the highest sediment loads and utilized water quality and soil testing to determine the
effectiveness of the capture and cover BMPs.
Local agricultural resource managers identified winter cover crops as a key to minimizing winter fertility
losses. EFWCoop data supported this observation, showing high concentrations of nutrients in
agricultural streams over winter. Brown County, Ohio SWCD is finding that unconventional cover crops
(such as tillage radishes with a deep tap root) in combination with no till agriculture are drastically
improving infiltration and nutrient retention while reducing bulk density and soil erosion in Clermont
soils. The benefits of cover crops in this region are proven, yet their applicability needed to be
broadcasted and better recognized by the area producers.
Monitoring data shows that moderately‐sized rain events are highly erosive and deliver high sediment
and nutrient loads to waterways. There has been considerable research dedicated to documenting
agBMP improvements in systematically drained fields, but little research on how to treat surface flow
from agricultural fields, especially those that contain systematic drainage ditches (ex. spinner ditches)
with concentrated flows. Practices in these settings must prioritize both the “cover” and “capture” of
fine sediments and bound phosphorus, while integrating hydraulic retention and biofiltration to add
nitrogen removal. In this project, we incorporated a combination of management practices more
typically found in urban settings, including detention basins and bioretention facilities within the
footprint of an existing grassed waterway. Precedence for such systems exists. For example, University
of Minnesota, terraced detention ponds like we envisioned upstream of vegetated filters were
successful in significantly reducing hydraulic and agrochemical runoff to a downstream environment and
vegetated filters are considered more effective than conventional conservation practices.
3. REVIEW OF METHODS
3.1. CAPTURE BMP DESIGN
The first component of the grant project involved the construction of an innovative treatment system to
“capture” fine sediments and bound phosphorus, while integrating hydraulic retention and biofiltration
to add nitrogen removal. It was essential that the treatment system meet four objectives: it should be
small enough to convince landowners/operators that yields will not be affected, it should be easily
installed by the average contractor, at a cost comparable to other BMPs, and be easily maintainable.
The selection of the site for the capture system within the Grassy Run watershed was aided by the use
of the SWAT model developed and calibrated by US EPA‐ORD. The SWAT model has been proven to be
effective in predicting the impact of point and non point pollution, and various management scenarios
on the hydrology, sediment and nutrient loads in watersheds. Model inputs include a digital elevation
model (2.5 foot resolution), soils data, land use data and weather data. The Grassy Run watershed was
divided into 65 subbasins, which were further divided into hydrological response units (HRUs) based on
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the soil type, land use and slope derived from the DEM. The management scenario for all agricultural
fields was set to a corn‐soybean‐soybean rotation, with conventional till before planting corn. Fertilizer
and herbicide application rates for corn and bean were set based on the recommendation of NRCS
personnel. Model runs provided average annual sediment yields for all HRUs was obtained. Yields were
plotted in ArcGIS and from this, agricultural parcels with high sediment loadings were located. Clermont
SWCD and the NRCS District Conservationist then worked with producers who farmed these fields to
identify a field suitable for the capture system (and also to secure a commitment to plant winter cover
crops for a period of three years – see Section 3.3).
The contributing drainage area to the capture system is 264 acres, and consists of slightly sloping,
somewhat poorly drained to poorly drained soils. These soils are no‐tilled and contain a hardpan a few
inches below the surface. Silt is the primary surface makeup of the soils which are highly prone to gully
erosion and have poor soil structure. This creates conditions for little to no soil infiltration, resulting in
high surface runoff. Given the high runoff value of these soils, a structure was needed to capture and
treat sediment‐laden surface water before leaving the site. The project team determined that an urban
best management practice (BMP) could be retrofitted to the site.
Clermont SWCD researched an urban BMP that the University of New Hampshire has been studying
called a Submerged Gravel Wetland, and decided to use this as the base of our design. This system
functions by filtering storm water through a gravel bed that has varieties of wetland plants growing on
top to uptake nutrients from the water, much like a hydroponic system. Standing water within the
gravel creates anoxic conditions, allowing for further nutrient removal via denitrification and the release
of nitrogen gas into the atmosphere.
The capture system consisted of two key components ‐ a detention basin and the submerged vegetative
bed (SVB). Construction occurred over a period of two years due to weather conditions and other
commitments by the landowner/contractor during year one. Phase one consisted of constructing the
detention basin pool along with the SVB. Phase two (year two) connected the two by constructing the
dam across the waterway to complete the detention basin.
Jacob Hahn, Clermont SWCD Technician, designed the system with review and support from Christopher
Nietch (US EPA‐ORD) and Hazen and Sawyer engineers. The detention basin was located in an existing
waterway (expiring from CRP program) with a desired foot print no larger than the typical 30‐foot top
width of an alternative waterway that was constructed in the county at the time. The design consisted
of a 700‐foot trapezoidal waterway with 0.2% minimum slope along the 18’ wide bottom and side slopes
of 3:1. This resulted in a basin with a surface area of 0.49 acres and a storage volume of 153,500 gallons.
Factors limiting the length and width of the existing waterway, the shape of the waterway, and the
presence of twin storm culverts under a driveway that bisected the waterway. Water detainment was
desired for no more than 48 hours following storm to prevent vegetation kill due to inundation. This is
standard for NRCS water and sediment control basin design criteria. Construction was completed with a
pan pulled behind a tractor, a backhoe and a bulldozer. Immediately after construction, a straw blanket
was used on the entire width of basin to stabilize soils. Rock pads consisting of Type D riprap were used
to stabilize slopes where concentrated flows from row crop fields entered the basin. Four‐inch
perforated drain tile was installed on both sides of this basin to allow for mowing and maintenance
during dry weather.
The following season the dam was constructed to connect the two structures (Figure 2). The dam is
located at or below the elevation of the crop end rows so as not to inundate crops or inhibit planting
and harvesting operations. A maximum two‐foot high dam spans the waterway with the downstream
side of the dam consisting of ODOT Type D riprap. The amount of flow and the small capacity of the
detention (1.44‐month storm) required the dam to be completely inundated during large storm events.
The rock extends to the culverts under the driveway. The dam was lined with straw blanket and planted
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with grass mixture of Kentucky 31 (87 lb./ac.),
turf type tall fescue (65 lb./ac.), and Kentucky
bluegrass (65 lb./ac.). This is the same seed
mixture used throughout the project.
Just upstream of the dam, a six inch
Hickenbottom riser was installed to collect
water and convey it through a six‐inch PVC
pipeline that runs under the driveway into the
SVB. The riser was installed with 40 one‐inch
holes per linear foot. The PVC pipeline was
installed at level grade between riser and outlet
into the SVB due to lack of elevation onsite. As
large storm events would exceed the capacity of
the detention basin, there was a need to bypass
the SVB by diverting excess flow through original
channel and moving SVB adjacent to and offline
of original water course. Flows exceeding the capacity of the detention basin overtop the dam and
travel through the two 30‐inch culverts under the driveway into the lower portion of the old waterway
which now serves as the bypass channel. Unfortunately, this design did not allow us to keep footprint of
project within that of the existing waterway, and thus, with the farmer’s permission, had to take crop
ground to install the SVB.
Figure 2. Capture BMP Detention Basin.

The 6‐inch PVC pipeline leaving the detention basin enters the SVB inlet structure positioned on top of
the rock within the SVB. Type C riprap was hand placed to cover and protect this outlet structure. The
SVB inlet structure consists of 6‐inch PVC pipe with 1” holes drilled with 40 holes per linear foot of pipe
and capped on the end. A four way pipe connection is installed to divert water into this outlet structure
and includes access for cleaning and/or monitoring equipment placement. The inlet structure spans the
width of the bed, perpendicular to the incoming pipeline, allowing the flow to be evenly dispersed
across the gravel bed.
The SVB itself is 10 feet wide and 400 feet in
length. An excavator was used to create a 3‐foot
deep , 10 foot‐wide and 400‐foot long trench. The
trench was then layered with three inches of
AASHTO # 4 limestone, 18 inches of AASHTO #8
limestone, and capped with another 3 inches of
AASHTO #4 limestone, for a total rock depth of 2
feet (or 350 tons of limestone). The rock was
placed in the SVB by dumping directly into the
trench with a dump truck and skid steer to limit
compaction and maximize pore space (Figure 3). A
small skid steer was used to achieve final grade and
used minimally on the bed. Slopes surrounding the
rock bed are 3:1, creating a minimum of one foot
of freeboard.

Figure 3. Unloading gravel for placement in SVB.

The outlet structure of the SVB, like the inlet structure, consists of 6‐inch PVC pipe with 1‐inch holes
drilled at 40 holes per linear foot of pipe and capped on the end; however, it is installed at the bottom of
the bed, which allows water to be dispersed across the entire width and depth of the SVB (Figure 4). A
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“Y” connector links to an N‐12 pipe at the center of the existing waterway where a riser pipe outlets the
system. This riser pipe controls the elevation of water within the SVB.

Figure 4: Installation of SVB Outlet Structure.

Wetland plants consisting of four species of
sedge (Carex), four species of rushes (Scirpus),
one species each of rush (Juncus sp.) and iris (Iris
versicolor) were planted on the SVB. Two
plantings occurred: 130 plants were harvested
with permission from a local federal wetland site
and 2000 plugs were purchased from a local
distributor. These native plants were placed at
random intervals to cover the entire bed.
Species selected were based on input from
landowner to be fast growing, low to medium
sized plants, visually pleasing, and no cattails
(Figure 5).

Upon completion, changes were made to accommodate water sampling equipment. An inline water
level control structure was installed at the outlet of the SVB to accommodate flow meters in the pipe.
This allowed the outlet pipe from the control structure to outlet straight into the existing waterway. This
control structure was customized so the outlet pipe was higher than inlet (from SVB) into structure. The
stoplogs control water level within the SVB, but cannot reduce water level lower than outlet pipe of
structure.
Also, a water flow meter was installed at the inlet of the SVB. This was accomplished by installing a
prefabricated concrete catch basin structure for access and removing the top portion of the existing PVC
pipe to install the sensor.

Figure 5. Planting the SVB.

Figure 6. SVB in May 2016.

3.2. CAPTURE BMP PERFORMANCE MONITORING
Grantees conducted water quality monitoring in an agricultural drainage in support of the innovative
agricultural BMP ‘capture’ treatment structure. Since the structure is an innovative design, collecting
effectiveness data was critical to this project. The limited amount of data surrounding the effectiveness
10 | P a g e

of agricultural BMPs spurred interest in monitoring the capture BMP. Additionally, project participants
wanted locally collected data as input to the SWAT model of the upper East Fork LMR watershed.
The sampling design in the original grant application only
called for two monitoring locations at the capture structure;
however, the original design of the BMP called for the SVB to
be inline with the original drainage. Because the SVB was
diverted from the original drainage, more stations were
added to ensure any load removal in the SVB was
documented during larger rain events. Four locations were
sampled, one upstream (CWLUS) and downstream (CWLBP)
of the entire structure and one upstream (SVBINF) and
downstream (SVBEFF) of the submerged vegetated bed
(SVB, Table 1). The four monitoring stations (Figures 7 and
8) record stage at all four sites and rainfall at one site every
5‐15 minutes (storage interval increased when storage
device memory was upgraded). Discharge measurements
are conducted to develop rating curves for the two open
channel sites (CWLUS & CWLBP). Area‐velocity meters are
being used to calculate discharge in the piped locations
(SVBINF & SVBEFF). Discharge data will be used to calculate
pollutant loads entering and leaving the system. Rainfall
data will assist in getting relevant hydrological data during
the event based sampling study. Flow or time paced, wet
weather sampling and ambient sampling occurs at the
four locations (Table 2).

Figure 7. SVB Monitoring Station.

Table 1. Sample Locations.
Site ID

Waterbody

River Mile

Latitude
Longitude
(decimal degrees) (decimal degrees)

Capture: Innovative BMP Treatment Structure
CWLUS
SVBINF
SVBEFF
CWLBP

Trib.
Trib.
Trib.
Trib.

to Grassy Fork
to Grassy Fork
to Grassy Fork
to Grassy Fork

1.7
1.6
1.5
1.5

39.1876
39.1854
39.1843
39.1842

-84.0138
-84.1854
-84.0134
-84.0134

0.2
3.0
3.2

39.1329
39.1664
39.1741

-84.0153
-84.0092
-83.9982

Cover: Agricultural Subwatershed Monitoring
GRSSY0.2
GRSSY3.0
GRSSY3.2

Grassy Fork
Grassy Fork
Grassy Fork
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Figure 8: Agricultural BMP Capture System Sampling Locations
Table 2. Sample Locations & Analytes.
Location
Site ID
Field Parameters
Capture: Innovative BMP Treatment Structure
Upstream of system
influent to submerged
vegetated bed
effluent to submerged
vegetated bed
Downstream of system
and effluent to
submerged vegetated
bed

Laboratory Parameters

CWLUS

discharge, level, rainfall

ortho-P, TP, NH3, NO2, NO3, TKN, SS

SVBINF

discharge, level

ortho-P, TP, NH3, NO2, NO3, TKN, SS

SVBEFF

discharge, level

ortho-P, TP, NH3, NO2, NO3, TKN, SS

CWLBP

discharge, level

ortho-P, TP, NH3, NO2, NO3, TKN, SS

discharge, level, D.O., specific
conductance, temperature, pH

ortho-P, TP, NH3, NO2, NO3, TKN, SS, TOC,
E.coli

discharge, level, D.O., specific
conductance, temperature, pH
discharge, level, D.O., specific
conductance, temperature, pH

ortho-P, TP, NH3, NO2, NO3, TKN, SS, TOC,
E.coli
ortho-P, TP, NH3, NO2, NO3, TKN, SS, TOC,
E.coli

Cover: Agricultural Subwatershed Monitoring
Grassy Fork RM 0.2 at
Glancy Corner-Marathon
Rd., 15 minute
continuous sensing & wet
weather
Grassy Fork RM 3.0 at
Marathon-Edenton Rd.
Grassy Fork RM 3.2 at St.
Rt. 131

GRSSY0.2

GRSSY3.0
GRSSY3.2
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The sophistication of monitoring equipment used at the capture structure increased substantially from
the original sampling design proposed in the grant application. In hindsight, we should have consulted
with someone with more experience monitoring wetlands and storm water hydrology prior to designing
this monitoring program. Thankfully, over the term of the grant we were able to adapt our methods to
meet the challenge of monitoring this system. Table 3 below shows a timeline of equipment upgrades
and other notable events that may have impacted data collected at the capture structure. The majority
of equipment was initially borrowed from other projects, and then eventually new equipment was
purchased with local funding as project partners learned how best to monitor the system. Two ISCO
Avalanche 6712 autosamplers had recently been purchased prior to the grant project by Clermont
County OEQ and two ISCO 6700 portable samplers were borrowed from USEPA. Ohio EPA loaned OEQ
two ISCO 4110 ultrasonic level sensors for CWLBP & CWLUS. OEQ had an extra ISCO 674 rain gauge from
an old monitoring location and initially only had to purchase two 720 pressure transducer level sensors
and two Thel‐Mar weirs before monitoring could begin. OEQ quickly realized the barebones approach
to monitoring the system wasn’t going to work. The 4110 ultrasonic level sensors were eventually
replaced with 720 pressure transducers because the grass growing in the channel was interfering with
the signals giving false positive level measurements. Area velocity meters were added to the SVB sites
in 2015 because neither the Thel‐Mar weirs nor the Manning’s formula could be used to calculate
discharge under pressurized pipe conditions. The 720 pressure transducer’s are still used at these
locations too because they are deployed in a manner that allows us to measure stages less than the
minimum operating range of the area velocity sensors (0.33 ft.). Originally the sites were powered by
dual cycle marine batteries that were recharged at the office and replaced on a regular basis or after a
sampling event. However, after numerous power failures and strained back muscles from carting
batteries down a 700 foot detention basin, OEQ decided to install solar panels which were funded with
remaining CIG funds. Boxes were installed to house the autosamplers and protect the equipment.
Additionally OEQ purchased modems and software which allow for real time data viewing via a web user
interface called Flowlink Global. Staff can also remotely program the autosamplers using a terminal
emulation program. Remote access to the sites vastly improved the calibration and the integrity of the
continuous data record and also saves time. Currently OEQ remotely checks the sites on a weekly basis
and following rain events, which enables any logging issues to be identified quickly and any necessary
equipment to be prepared prior to the field visit. Prior to the modems, the biweekly to monthly
maintenance checks were the only interaction with the sites and the field crew might not be prepared to
repair any surprise maintenance issues they encountered. In 2016 OEQ purchased two new 6712
Avalanche autosamplers to replace the borrowed 6700 samplers because the older samplers weren’t
compatible with the modems.
Table 3. Timeline of Equipment Installations and Construction at the Capture BMP. .
June

November March
May
July
August
September October
2014
2015
2015
2015
2015
2015
2015
catch
basin
installed,
6712
sampler
area
modems
intake
velocity
installed
Level
tube
meters
at
sensors
installed, shortened
CWLUS Wetland
installed at autosample solar
ultrasonics at
Plants
&
CWLUS & rs installed panels
SVBEFF
dam repaired removed
at all sites installed CWLBP mowed
CWLBP
2014

January March
2016
2016
SVBEFF
&
SVBINF
CWLUS 2105 &
6712
&
CWLBP autosampl
replaced ers
with new modems
samplers installed

October
2016

Wetland
Plants
mowed,
dam
repaired
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OEQ used ISCO products because of our familiarity with their products which lessened the demands of
learning new equipment for the CIG project. However, there are many alternatives to ISCO products,
especially the modems, which can be more affordable, but may require more technical expertise to
operate.
The amount of assistance and collaboration with other agencies was unique and contributed immensely
to the success of this project. The USEPA provided technical expertise in the wetland and monitoring
design and also periodically provided laboratory services. As mentioned above, equipment was
borrowed from other agencies before new equipment could be purchased for the project. Extensive
input from Phil Levison from the USDS, Agricultural Research Services was given in constructing the solar
panel stands. The Clermont County Wastewater Laboratory analyzed hundreds of nutrient samples and
periodically provided field assistance. The Clermont County Sewer Maintenance Department installed a
control box downstream of the SVB to house a level sensor and sampler intake tube for the SVBEFF
monitoring location. In 2015, the Maintenance Department also installed a refurbished 4x4x4’ catch
basin inline to the influent of the SVB. This vastly improved access which enabled more frequent
calibration of the level sensors at SVBINF. Prior to the installation of the catch basin, due to limited
access to the sensor, the level sensor for SVBINF was only calibrated when the pipe was dry between
2014 and September, 2015.
The sampling intensity at the capture structure grew substantially from the original sampling design
proposed in the grant application. The original monitoring plan consisted of 3 years of continuous
hydrology data and five wet weather events per year at two sites, for a total of 15 wet weather events.
Grant partners were inexperienced in wetland and edge of field monitoring and had lower expectations
of the amount of data that would be required to observe significant differences between nutrient loads
entering and exiting the system. However, inter‐agency collaboration and better equipment has
enabled the staff to meet the more frequent maintenance and sampling demands than partners had
originally planned for. Yet we are still struggling to find time to interpret the data given the limited staff
assigned to the project. Calibrating and editing the continuous hydrology data record has proven to be
quite arduous and time consuming, especially with the frequency in which sensors break down.
Measuring the discharge at the SVB under the pressurized pipe conditions and the low slope at the
project site also contributes significantly to the nuances of editing the continuous hydrology data
record. When planning future projects of this magnitude, a full time employee plus part time field
technicians would be necessary to complete a study of this scope.
One of the unforeseen maintenance requirements was the amount of mowing required. Grantees only
had experience with monitoring locations located on the banks of larger stream, where landscaping was
not a priority to the property owner. We had to purchase landscaping equipment and keep the area
near the samplers and stream channel mowed on a weekly to biweekly basis during the growing season.
Keeping the area near the samplers mowed was critical because it’s too difficult for the producer to
mow near the equipment without bumping the samplers, which we learned the hard way, twice
(mowers knocked the autosampler storage boxes which causes power losses). Keep in mind in visibility
when installing equipment because the producer may not be able to see monitoring equipment from
their tractors once it is covered up with tall grasses. Simply flagging and communicating with the land
owner prevented any permanent damage to the equipment. Additionally, mowing the stream channel
where discharge measurements would be taken was important because the grass interferes with the
ultra‐sonic levels sensors and the acoustic Doppler sensors used to take discharge measurements.
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3.3. COVER BMP – SELECTION OF PARCELS FOR COVER CROPS
The Soil and Water Assessment Tool (SWAT) is a basin‐scale, continuous time‐step model that has been
proven to be effective in predicting the impact of various management scenarios, point and non‐point
source pollution on the hydrology, sediment and nutrient loads in watersheds. SWAT was applied to the
Grassy Run Tributary (GRT) watershed to model sediment erosion and help identify the areas within the
watershed which are prone to high soil erosion, and therefore good candidates for winter cover crops.
Model Setup
ArcSWAT (version 2009.93.7b), which is a graphical interface for the SWAT model, was used to delineate
the watershed and its subbasins. The following inputs were used in the SWAT model:





Digital Elevation Model (DEM) ‐ 2.5 ft. resolution DEM Lidar data from Ohio Statewide Imagery
Program.
Soil Data ‐ SSURGO soil data downloaded from NRCS Soil Data Mart.
Land Use Data ‐ Hand digitized from aerial photos downloaded from OSIP. Land classification
included agricultural, forest, low density residential, pasture and water.
Weather Data – Daily precipitation, maximum and minimum temperature, solar radiation, wind
speed and relative humidity data obtained from NOAA for the Cincinnati Lunken Airport.

A total of 65 subbasins were obtained in the watershed discretization. A watershed summary is shown in
Table 4. The subbasins were further divided into hydrological response units (HRUs) based on soil type,
land use and slope derived from the DEM. The management scenario for all agricultural fields was set to
a corn‐soybean‐soybean rotation, with conventional till before planting corn. Fertilizer and herbicide
application rates for corn and bean were set based on the recommendation of NRCS personnel.
Table 4. GRT watershed summary. .

Area
(acres)
Watershed
Landuse
Forest
Agricultural Land
Short grass/Lawn
Residential ‐ Low Density
Water bodies
Soils
Avonburg
Clermont
Rossmoyne
Shoals
Cincinnati
Eel
Medway
Slope
0‐2 %
2‐5%
5‐8%
> 8 %

Watershed
Area (%)

623.44

100.00

114.47
374.69
87.63
42.31
4.34

18.35
60.10
14.06
6.79
0.70

223.54
268.01
96.84
8.90
19.58
3.51
3.06

35.86
42.99
15.53
1.43
3.14
0.56
0.49

423.12
97.05
47.30
56.01

67.86
15.57
7.59
8.98
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The mod
del was run att a daily time step for a period of 22 yeaars from 19900 to 2011. The first three yyears
were sett as the mode
el warm up pe
eriod. All SWA
AT model parrameters, exccept the manaagement scen
nario
for agricu
ultural land, were
w
left as default. After the
t model ru n, the averagge annual sed
diment yield ffor all
the HRUs was obtained. The average annual sediment
s
yiel d for the who
ole watershed
d was plotted
d in
ArcGIS as shown in Figure 9. From this figure, agricultural paarcels with higgh erosion raates and sedim
ment
loads were lo
ocated and taargeted for coover crops (Figgure 10).

Figu
ure 9. Avera
age annual sediment
s
yieeld for GRT
T watershed
d.
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Figu
ure 10. GRT
T Watershed
d parcels taargeted for ccover crops.
3.4. COVER
C
CRO P PLANTING
G – 2011 TO
O 2013
In total, 11 fields were prioritized fo
or cover crops. Clermont SSWCD person
nnel and the N
NRCS District
Conservattionist worked with five co
ooperators who farmed thhe 11 fields to
o secure theirr cooperation and
commitment to plant cover
c
crops fo
or three conssecutive winteer seasons, beginning with
h the 2011‐12
2
U
three of the five farmers agrreed to particcipate, accounting for ninee of the 11 fieelds.
season. Ultimately,
The fieldss, identified by number, are shown in Fiigure 11. Twoo of the coop
perators (Robert Stahl and
Charles Sttahl) who farm
m Field#1 and
d Fields 5‐9 participated u nder the CIG,, while Cornw
well Farms plaanted
cover crops in Fields 2‐‐4 under a separate EQIP contract.
c
Co ver crops were not planteed on Fields 10‐11
during the
e course of th
he project.
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Figure 11. GRT Fields Identified for Cover Crops.
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In 2011, the first year in which cover crops would be planted, the project team established a goal of
planting 100 acres. In total, a commitment was received to plant 144.3 acres of cover crops (60.3 under
CIG and 84 under EQIP). Unfortunately, due to a late corn harvest, Cornwell Farms was not able to plant
cover crops on the 84 acres under EQIP (Fields 2‐4). Robert Stahl and Charles Stahl were able to plant
annual rye grass on their fields, which became well established, though it was sprayed quickly in the
spring, soon after growth began. The project team had hoped to have fields seeded with tillage radish;
however, the late harvest prevented this. Also, there was an apparent desire on the part of the farmers
to start with annual rye grass.
Cover crops were more successfully established during the 2012‐13 winter season. Under its EQIP
contract, Cornwell Farms aerially seeded cereal rye onto Fields 2, 3, & 4. Robert Stahl seeded annual rye
grass on Fields 1 and 7 through 9 both using fertilizer spreaders. The cover crops on each of these fields
became well established. Cornwell Farms did not crimp and spray the cereal rye on Fields 2‐4 until June
2013, at which time the rye was several feet tall. Charles Stahl was not able to seed his fields and was
not paid under RCPP for this year.
Under the third year of planting, Charles Stahl aerial seeded a mix of radishes, crimson clover and annual
rye on Fields 5‐6 in late September 2013 (five other farmers in Clermont County also aerial seeded cover
crops in 2013 – a good indication that the CIG education efforts were paying dividends). The aerial
seeding had varying results. The group had a difficult time scheduling the plane and had to seed later
than they hoped (seeding was conducted on September 21). Many of the fields planted into corn did
not see good germination or growth, although many of the cover crops seeded into soybeans had a
decent amount of growth. Cornwell Farms drilled wheat in Fields 2‐4, which did well. On Fields 1 and 7‐
9, Robert Stahl planted crimson clover using a fertilizer spreader. Unfortunately, these fields were
planted late and the clover did not become well established on any of the fields.

3.5. COVER BMP‐WATER QUALITY MONITORING
Water quality monitoring was conducted at three monitoring stations in Grassy Fork (Table 1) to
document any changes in water quality that might be associated with winter cover crops. Ambient
sampling of nutrient and physical parameters (Table 2) was conducted primarily during non‐growing
season months, between 2011 through 2014. Biweekly ambient sampling at three locations began in
April 2011 and continued until growing season in 2012. Biweekly ambient sampling continued between
the months of October through April or May in 2012 through May of 2014. Three time‐paced, wet
weather events were sampled between 2012 and 2013.

3.6. EDUCATION PROGRAMS
Cover crop education was a significant component of the CIG project. In 2011, there were no acres of
cover crops in Clermont County enrolled through any of the Farm Bill programs. Though it’s an old
practice, area farmers had very little experience with planting and managing cover crops, so an intensive
education program was necessary.
The CIG project team felt that our education efforts would be most effective if farmers could see and
hear about cover crops first hand and have an opportunity to ask questions, so we focused on the use of
workshops, field days and tours to spread the word. Throughout the project period, one cover crop
workshop was held, followed by four field days and five tours.
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The Soil Quality and Cover Crop Workshop was held at the onset of the CIG project, on March 2, 2012 at
East Fork State Park. George Derringer (NRCS), Rob Hamilton (ODNR Division of Soil and Water
resources), and Jim Hoorman (OSU Extension) were speakers. A farmers’ panel was held to let
producers ask questions of area farmers which have utilized cover crops. Seed vendors were also
present. A total of 33 people attended the workshop. While the entire workshop was a success, the
farmers’ panel seemed to be the most well received, as many people in attendance asked questions
about the benefits of cover crops and how to get started. Surveys were distributed and of the 14
returned, 10 wanted someone to contact them to give them one‐on‐one information. One large
Clermont & Brown County producer proclaimed that he was going to spread the word to area farmers
about the importance of cover crops.
The first cover crop field day was held on March 22, 2013 at Brad Barber’s farm in Brown County. Mr.
Barber has been planting cover crops since 1990, and was a perfect person to host the event. The field
day was a hit with area farmers, and with 115 people in attendance, seemed to show that interest in
cover crops was growing. Presenters included David Brandt, the noted Fairfield County farmer who has
planted cover crops since 1978, Matt Deaton (ODNR‐DSWR) and George Derringer. Because of the
success at the first workshop, another farmers’ panel was assembled to talk about their experiences and
answer questions. Those in attendance seemed very interested in more details about cover crop
species, management, and cost/benefits.

Figure 12. Cover Crop Field Day, March 22, 2013.
Two other field days were held in 2013. On September 20, a Straw Blanket Field Day was held in
conjunction with the construction of the capture BMP detention basin. A representative from Hall
Farms was on hand to demonstrate the installation of a straw blanket to control erosion and sediment
runoff. Fifteen people attended this event. Also on December 13, a 4R Nutrient Management Field Day
was held under a nutrient outreach grant that Clermont SWCD received from ODNR Division of Soil and
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Water Resources. A total of 36 people attended the field day. Presenters included Gigi Neal, Harold
Watters and Emily Weaks from OSU Extension, Matt Deaton, followed by a farmers’ panel. Topics
included an overview on soils; 4R/nutrient management best management practices, including
economics/cost savings, and long‐term benefits of practices; soil quality testing (OSUE distributed test
kits), and a cover crop farmers’ panel.
Two field days and one tour were held in 2014. Both field days in 2014 were held at the farm of Greg
Nause, a local farmer who has been an avid proponent of cover crops. After an early harvest of
soybeans, Mr. Nause planted 10 cover crop test plots using a five different cover crop seed mixes and
planting each mix by broadcasting and drilling. On October 7, SWCD and Mr. Nause partnered to host a
field day for interested farmers to tour his test plots. A total of 31 people attended. This event was
followed up by a second field day at Mr. Nause’s farm on November 21, where small soil pits were dug
so attendees could see the roots of the cover crops at work. Despite bitter cold weather, 10 people
attended this event. Also, SWCD was able to take multiple photos of the cover crops and their root
systems which have been used in subsequent educational materials.
The first tour was held at the request of the US
EPA Deputy Administrator, Bob Perciasepe,
who was in town for a conference on pollutant
credit trading on the Ohio River. Clermont
SWCD and NRCS staff gave Mr. Perciasepe and
others from US EPA and USDA a tour of the
capture BMP, which was at the time still under
construction but nearing completion (Figure
13). Cover crops and their benefits were also
discussed. The project team demonstrated
one of these benefits – improved soil structure
– by conducting soil slake tests on samples
collected from a long‐term cover crop field
and one that has been conventionally tilled.
Mr. Perciasepe was impressed with the
project and made it a talking point during his
talk at the trading conference.

Figure 13. US EPA Deputy Administrator tours the
Capture BMP.

No field days were held in 2015, but SWCD and OEQ did conduct four tours. In the spring of 2016, Karl
Gephardt, Deputy Director for Ohio EPA Office of Water Resources, requested a tour of the capture
BMP, and on May 26, SWCD and OEQ staff met Deputy Director Gephardt and six other Ohio EPA staff
to show them the detention basin, submerged vegetated bed and sampling equipment. Following this,
Ohio EPA requested a second tour which was held on July 28 with Bonnie Buthker, Chief of Ohio EPA’s
Southwest District Office and eight other Ohio EPA staff (Figure 14).

21 | P a g e

Figure 14. Ohio EPA personnel tour the SVB.
Clermont SWCD and OEQ held a third tour on July 23 for agricultural technicians from other SWCDs and
from USDA‐NRCS where attendees learned about the design of the vegetative bed treatment system
and the monitoring program that has been implemented to determine the system’s effectiveness. A
total of 15 people attended the field day, which began with two presentations at Jackson Township Hall.
Jacob Hahn, SWCD Technician, began with a presentation on the design of the treatment system, and
Hannah Lubbers, OEQ Project Manager, followed with an overview of the monitoring program and the
equipment that has been installed. After the presentations, the group drove to Cornwell Farm where
SWCD and OEQ provided a tour of the treatment system and monitoring equipment.
Finally, on August 25, Clermont SWCD hosted a tour of the Cornwell vegetative bed treatment system
for elected officials and other county personnel. The tour was attended by 22 people, including all three
County Commissioners, State Representative John Becker, a legislative aide for U.S. Representative Brad
Wenstrup’s office, as well as the SWCD Board of Supervisors and staff from the County’s Offices of
Budget Management and Economic Development. Clermont SWCD and OEQ staff provided an overview
of the treatment system and the monitoring program and equipment. Other stops on the tour included
Greg Nause’s farm where cover crops are planted each year, and the U.S. EPA’s Experimental Stream
Facility in Miami Township.
While most of the educational efforts focused on personally meeting with area producers at workshops,
field days and tours, Clermont SWCD and the NRCS District Conservationist for Clermont County also
designed, printed and distributed two educational cover crop booklets. The first of these is a 20‐page,
full color booklet titled Cover Crops for Southwest Ohio. This booklet provides detailed information on
the benefits of cover crops, cover crop selection, seeding guidelines for individual crops and different
seed mixes, planting dates and planting strategies, termination strategies and general management
strategies. A total of 1000 booklets were printed and distributed at field days, tours, one‐on‐one visits,
the County Fair and other events, and supplies were provided to other SWCDs in Ohio upon request. By
2015, all 1000 copies had been distributed. In 2016, Clermont SWCD was able to publish a second
edition with the help of the Clermont County Farm Bureau.
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Over the course of the project, SWCD and NRCS staff learned that while producers respect the guidance
and advice provided by us, they are much more likely to follow the lead of their fellow farmers. This was
evident during the field days, when the farmer panels were always the most successful part of the
event. This realization led to the design and publication of the second booklet titled Cover Crop Farmers
of Southwest Ohio. Rather than produce another educational piece where SWCD and NRCS were
providing advice, we wanted this booklet to focus on the farmers themselves. In this booklet, five local
cover crop farmers are highlighted in two‐page spreads for each, where each talks about his reasons for
starting cover crops, crops he has planted, management tips, improvements seen, future plans and
advice for first timers.
Clermont SWCD believes the intensive education efforts are showing results. Prior to the CIG project, no
farmers were planting cover crops in Clermont County under Farm Bill programs. In 2015, over 3,100
acres were planted in the county. Also, several farmers are continuing to plant cover crops after Farm
Bill assistance has ended.
4. DISCUSSION OF QUALITY ASSURANCE
4.1. PROJECT SITE DESCRIPTION
Clermont County chose the Grassy Fork watershed as the study location for a variety of reasons. It is
geologically similar to other agricultural tributaries to the EFLMR, the watershed lies mostly within
Clermont County, and OEQ observed high phosphorus concentrations in Grassy Fork in 2009. The
western tributary to Grassy Fork was chosen as the area for concentrated cover crop practices because
producers in that watershed had previously expressed interest or participated in the NRCS EQIP. Grassy
Fork has a predominantly agricultural land use and therefore receives runoff from row‐crop agriculture
and any failing home sewage treatment systems. There are no known point sources of pollution in the
Grassy Fork watershed.
Water quality monitoring was conducted at three monitoring stations in Grassy Fork to monitor the
cover BMP. To summarize the nutrient profile in Grassy Fork during the seasons which may be impacted
by cover crops, ambient sampling of nutrient and physical parameters (Table 2) was conducted
primarily during non‐growing season months, between 2011 through 2014. Biweekly ambient sampling
at three locations began in April 2011 and continued until growing season in 2012. Biweekly ambient
sampling continued between the months of October through April or May in 2012 through May of 2014.
Three time‐paced, wet weather events were sampled between 2012 and 2013.
The three sampling stations were located 0.2 miles, 3.0 miles and 3.2 miles upstream of the Grassy Fork‐
East Fork Little Miami River (EFLMR) confluence. GRSSY0.2 was chosen as the outlet from the
watershed to the EFLMR and has a continuous monitoring station. GRSSY3.0 drains a 2,573 acre
watershed downstream from where cover crop practices were concentrated. GRSSY3.2 drains to
GRSSY3.0 but is upstream from the cover crop subwatershed and therefore served as the reference
condition for BMP impacts on water quality.
As described above, cover crops were concentrated in a small subwatershed of Grassy Run. The SWAT
model identified a total of 11 fields in the GRT watershed with high erosion rates, and therefore good
candidates for cover crops. To measure cover crop impacts, soil sampling was conducted at 10 of the 11
fields (including Field 10 on which no cover crops were planted; Field 11 was not sampled) following
procedures set forth in USDA’s Soil Quality Test Kit Guide
(https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044790.pdf, August 1999).
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The capture BMP was installed at Cornwell Farms in part to address an eroding grassed waterway which
needed repaired. In 2014 the capture structure was constructed within the footprint of the waterway
which drained 264 acres to remove nitrogen and phosphorus. Water quality was sampled at four critical
locations along the capture structure (See Figure 8). Water flows into the detention basin and is
sampled at the top of this basin, or the upstream site: CWLUS. Runoff from a 24 hour 1”, 1.44 month
storm is held in the detention basin for up to 24 hours. A WASCOB riser in the detention basin diverts
water to the submerged vegetated bed (SVB) for nitrogen removal. Sampling occurs at the inflow
(SVBINF) and outflow (SVBEFF) of this vegetated bed. The SVBINF site also receives water from two tiles
that run along the length of the detention basin. Runoff generated from storms larger than a 1”, 1.4
month storm bypasses the SVB over a check dam and flows through the bypass channel. The fourth
location is located downstream of the outflow of the SVB and the bypass channel at site CWLBP. This
sampling design allows us to determine nutrient removal from both the vegetated bed and from the
entire system.

4.2. SAMPLING DESIGN
The operating range, measurement units, precision, and accuracy for field and chemical parameters are
reported in Table 4 of the Quality Assurance Plan (Appendix A.)
The cover portion of the grant aimed to measure the water and soil quality improvements from 75‐260
acres of cover crops implemented at targeted fields over a period of three years. There is nutrient
concentration data from all three monitoring locations every two weeks over a period of three years
beginning in April, 2011, the spring prior to the implementation of the cover crops. The river stage
during sampling events was also recorded and discharge measurements were made periodically at all
three locations. This enabled development of discharge rating curves at the GRSSY3.0 & GRSSY3.2
locations. We were unable to develop a discharge rating curve at GRSSY0.2 due to the influence of
backwater on the site and lack of high flow discharge measurements. Generating the hydrology data for
this portion of the grant was given a lower priority since we aren’t confident that we’ll see much
variability in the data due to the limitations of the cover crop implementation. Continuous stage data
was generated for the GRSSY3.0 & GRSSY3.2 locations from a relationship with a nearby gauging station
on Stonelick Creek.
Although to date, we have gone well beyond the monitoring objectives of the grant application, we
believe more frequent monitoring will be necessary in order to get an accurate depiction of the annual
nutrient loads moving through the capture BMP. For the existing data, sampling events were targeted
depending on timing of the events in relation to the field staff and lab schedule. This resulted in a
disproportional amount of samples collected during larger rain events, when the capture structure was
expected to have the lowest percent removal capacity. Future sampling is going to be conducted in an
effort to collect samples which represent the full range of hydrological and environmental conditions at
the site so that an annual load can be calculated more confidently. Additionally, we would like
additional years of hydrology data since calibration of the level sensor at the SVBINF didn’t occur as
frequently as the other sites due to access restrictions to the sensor.
The sampling design is typical of standard storm water monitoring techniques and can be compared to
other wetland monitoring studies. The sampling design for this study did deviate from typical storm
water monitoring programs by extending the sampling duration past 24 hours and up to five days in
some cases. This was done to sample the nutrient removal after the initial rain event, which can last
several days and may include a larger proportion of nutrient removal than the initial 24 hours of runoff.
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4.3. SAMPLING PROCEDURES
4.3.1. CAPTURE PROJECT
Standard Operating Procedure (SOP) documents have been developed for all of the field sampling and
data collection activities associated with this study. The equipment used during the study is listed in
Table 5. Procedures used to monitor the capture BMP can be found in Appendix B, specifically, the SOP
entitled “Wet Weather Events using Automatic Samplers”. When the autosamplers were triggered
during wet weather events, time paced sampling occurred every 2 hours for the first 2 samples of the
event (Part A of the program), then every 5‐9 hours (part B of the program) for 2‐4 days following the
rain event. In February, 2016, we began using 30‐60 minute sampling intervals once we realized the
battery would still hold charge with more frequent pump operation. This enabled us to get a better
representation of nutrient concentrations across the entire hydrograph. If autosamplers didn’t trigger, a
grab sample was taken during field visits to retrieve the samples. The grantees began conducting flow
paced sampling in October, 2016 and plan to continue monitoring the BMP for at least two more years.
We can pace the samplers based on flow by modeling expected flow per storm event now that we have
the hydrology of the system documented. Specific information on sampling intervals and volumes per
event can be found in Table 6.
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Table 5. Equipment used at each monitoring/sampling location.
Location
CWLBP

CWLUS

SVBEFF

SVBINF

GRSSY0.2

Parameter
Level
Autosampler
Level
Modem
Solar Panel
Solar Controller
Level
Raingauge
Autosampler
Level
Modem
Solar Panel
Solar Controller
Level
Autosampler
Level, Velocity, Discharge
Modem
Autosampler
Solar Panel
Solar Controller
Level
Autosampler
Level, Velocity, Discharge
Modem
Autosampler
Solar Panel
Solar Controller
Autosampler
Level
Raingauge
D.O., specific conductance, pH,
water temperature
Modem

Manufacturer
ISCO
ISCO
ISCO
ISCO
Ameresco
Ameresco
ISCO
ISCO
ISCO
ISCO
ISCO
Ameresco
Ameresco
ISCO
ISCO
ISCO
ISCO
ISCO
Ameresco
Ameresco
ISCO
ISCO
ISCO
ISCO
ISCO
Ameresco
Ameresco
ISCO
ISCO
ISCO

Equipment
4110 Ultra Sonic Flowmeter
6712 Avalanche
720 Pressure transducer
6712 ci cellular modem
150J
SS-MPPT-15L
4110 Ultra Sonic Flowmeter
674 Tipping bucket rain gauge
6712 Avalanche
720 Pressure transducer
6712 ci cellular modem
150J
SS-MPPT-15L
720 Pressure transducer
6700 Autosampler
2150 Area Velocity Meter
2105 ci
6712 Avalanche
150J
SS-MPPT-15L
720 Pressure transducer
6700 Autosampler
2150 Area Velocity Meter
2105 ci
6712 Avalanche
150J
SS-MPPT-15L
6700 refrigerated autosampler
720 Pressure transducer
674 Tipping bucket rain gauge

Sensing Type Installation Date
continuous
7/10/2014
continuous
11/3/2014
continuous
9/15/2015
5/18/2015
3/20/2015
3/20/2015
continuous
7/10/2014
continuous
12/27/2014
continuous
11/3/2014
continuous
3/25/2015
5/18/2015
3/20/2015
3/20/2015
continuous
12/1/2014
continuous
11/26/2014
continuous
9/4/2015
3/9/2016
3/8/2016
3/20/2015
3/20/2015
continuous
12/1/2014
continuous
11/26/2014
continuous
9/4/2015
3/9/2016
3/8/2016
3/20/2015
3/20/2015
grab
6/2/2010
continuous
6/2/2010
continuous
6/2/2010

YSI
ISCO

600 XLM Data sonde
6712 ci cellular modem

continuous

GRSSY3.0,
GRSSY3.2
Autosampler
ISCO
GRSSY0.2,
GRSSY3.0,
GRSSY3.2
D.O., specific conductance, pH, waYSI
GRSSY0.2,
GRSSY3.0,
GRSSY3.2, CWLBP,
CWLUS
Discharge
SonTek

6/2/2010
3/1/2015

6700 refrigerated autosampler grab

N/A

600 XLM V2 Data sonde

grab

N/A

Flowtracker

grab

N/A
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Table 6. Sample duration, pacing and volumes per sampling event. Pacing refers to the time period
between each sample. The duration refers to the total length of time the autosampler pulled
samples. .
Sampling
begin date

Event #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

12/6/2014
3/26/2015
4/20/2015
6/19/2015
7/12/2015
9/29/2015
10/27/2015
11/6/2015
11/12/2015
12/7/2015
12/14/2015
1/8/2016
1/15/2016
1/26/2016
2/2/2016
3/15/2016
4/11/2016
4/26/2016

Sampling
end date

duration
Sampling type*
(days)

3/27/2015
4/21/2015
6/21/2015
7/13/2015
10/1/2015
11/1/2015
11/10/2015
11/13/2015

1.33
1.00
2.33
1.13
1.83
4.24
4.31

12/17/2015
1/13/2016

2.83
5.04

1/28/2016
2/7/2016
3/18/2016
4/14/2016
4/29/2016

4.33
3.05
3.05
2.64

grab
time paced
grab/time paced
time paced
time paced
time paced
grab/time paced
time paced
grab
grab
grab/time paced
grab/time paced
grab
grab
time paced
time paced
grab/time paced
grab/time paced

volume

Part A
pacing
(hr)

duration
(hrs)

volume
(mL)

Part B
pacing
(hrs)

duration
(hrs)

900
900
900
900
900
900
900

2
2
2
2
2
2
2

32
24
12
12
12
4
4

900
900
900
900
900

4
4
4
9
9

44
15
32
98
100

900
900

2
2

4
4

900
900

5
9

64
117

450
100
100
50

1
1
1
0.5

4
73
73
63

100

1

100

*grab/time paced indicates grab samples were take for some samples where autosamplers didn't trigger

4.3.2. COVER PROJECT
To summarize the nutrient profile in Grassy Fork during the seasons which may be impacted by cover
crops, ambient sampling of nutrient and physical parameters (Table 2) was conducted primarily during
non‐growing season months, between 2011 through 2014. Standard operating procedure (SOP)
documents have been developed for all of the field sampling and data collection activities associated
with this study. Standard operating procedures for ambient sampling can be found in Appendix B,
specifically the Manual Collection of Stream Water Samples SOP. Biweekly ambient sampling at three
locations began in April, 2011 and continued until growing season in 2012. Biweekly ambient sampling
continued between the months of October through April or May in 2012 through May of 2014. Three
time paced, wet weather events were sampled between 2012 and 2013. In the fields identified for
cover crops, Soil sampling was conducted following procedures set forth in USDA’s Soil Quality Test Kit
Guide (https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044790.pdf, August 1999). The
project team collected samples during four different periods – Fall 2011, Spring and Fall 2012, and
Spring 2013. Spring samples were collected before planting and fall samples were collected after
harvest. Soil samples were analyzed for the following parameters:
•
•
•
•
•
•
•

Soil respiration (lbs. CO2/acre/day)
Bulk density (g/cm3)
Soil conductivity (ds/m)
pH
Nitrate (ppm)
Soil stability
Earthworm counts
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For those parameters that could not be measured in the field, the soil samples were brought to the US
EPA‐ORD lab in Milford for analysis. More details on the sampling and analytical methods for each
parameter are provided below.
Soil Respiration – Field crews measured soil respiration using Draeger tubes. Following the procedures
set forth in the Soil Quality Test Kit Guide, samplers cleared surface residue an area of soil, and then
inserted a 6‐inch ring into the soil to a depth of three inches. A lid with three rubber stoppers was
placed over the ring and left for 30 minutes. During this period, samplers recorded the soil temperature
and assembled the Draeger apparatus. After 30 minutes, the needle was inserted into a rubber stopper,
and the syringe was drawn back to the 100cc reading on the syringe over 15 seconds. The percent CO2
was recorded as the highest point at which the purple color in the syringe could be easily detected. Soil
respiration in lbs. CO2‐C/acre/day was calculated as:
Soil Respiration = PF ∙TF ∙ (%CO2 – 0.035) ∙ 22.91 ∙ H
Where: PF = pressure factor = 1
TF = temperature factor = (soil temp in °C + 273) ÷ 273
H = inside height of the ring
Bulk Density ‐ Samples were collected in the field and bagged, taking care to disturb the samples as little
as possible. The samples were later taken to the U.S. EPA Experimental Stream Facility laboratory in
Milford where they were dried and weighed. Bulk density was determined using the calculations
provided in the Soil Quality Test Kit Guide.
Soil Conductivity ‐ Following the methods in the Soil Quality Test Kit Guide, soil samples were collected
from the top three inches and thoroughly mixed before taking a subsample. At the U.S. EPA
Experimental Stream facility lab, 1/8 cup of distilled water was added to 1/8 cup of the soil subsample,
placed in a container and shaken. Readings were then taken with an electrical conductivity meter.
Soil pH ‐ When measuring soil pH, sample crews used the same soil‐water mixture prepared for the
conductivity test, per the Soil Quality Test Kit Guide instructions.
Nitrate ‐ The sample prepared for the conductivity and pH tests was also used to measure soil nitrates.
Filter paper was inserted into the sample, and when some of the soil‐water solution had seeped through
the filter, a few drops of solution was collected with an eye dropper and placed on a nitrate‐nitrite test
strip and the value recorded.
Soil Slake Test ‐ Soil aggregate samples were collected from both the top soil and the subsoil and
allowed to air dry. The compartments in the box provided in the soil stability kit were filled with water.
The air‐dried soil samples were placed in sieve baskets which were then lowered into the box
compartments filled with water. The samples were then observed for five minutes and notes were
taken on disintegration on the sample. Soil stability was then rated according to the table below.
Earthworms ‐ To measure earthworm activity, sample crews measured a 12‐inch square plot, dug down
12 inches, and placed the soil on a plastic sheet, where crews sorted through it and counted the
earthworms found.
4.4. CUSTODY PROCEDURES
See the Wastewater Laboratory Sample Handling and Manual Collection of Stream Water Samples SOPs,
specifically the Introduction and Section E., for information on the chain of custody procedures
(Appendix B).
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4.5. CALIBRATION
The calibration and maintenance procedures for the continuous hydrology monitoring equipment are
outlined in Section 6 of the Wet Weather Events using Automatic Samplers SOP (Appendix B ). Methods
for calibration of the YSI data sonde are found in the YSI 600 Series Multi‐Parameter Data Sonde SOP
(Appendix B). Methods for operation of the SonTek Flowtracker are found in the Discharge Calculation
and the SonTek FlowTracker Handheld ADV SOP (Appendix B).
4.6. SAMPLE ANALYSIS / QUALITY CONTROL
The surface water samples were taken to the Clermont County Wastewater laboratory for analysis of
total phosphorus, ortho‐phosphorus, suspended solids, E. coli, ammonia, nitrite, and nitrate. Contract
labs run the analysis of the remaining parameters. The Wastewater Laboratory bids new contract labs
biannually so companies have changed between 2011 and 2016. A list of which labs performed the
chemistry analysis, along with hold times, detection limits, & analytical methods is shown in Table 7.
Clermont County OEQ maintains a complete annual record of the QAPs, SOPs, and laboratory reports for
the Wastewater Lab and each contract lab and can share this information upon request. The Quality
Assurance Plan for the Clermont County Wastewater Lab is attached in Appendix A. All analytical
procedures were developed from either the 18th, 20th or 22nd Edition of the Standard Methods for the
Examination of Water and Wastewater, Methods for Chemical Analysis of Water and Waste (USEPA,
1983), or Test Methods for Evaluating Solid Waste, Physical/Chemical Methods SW‐846 (USEPA 2008).
Sample compositing procedures are outlined in Section 9.m. of the Wet Weather Events using
Automatic Samplers SOP (Appendix B). Sections 13‐14 of this SOP also include information on how the
chemistry and continuous hydrology data are reviewed for quality assurance compliance. Field
measurements and sample collection techniques were developed in accordance with the “Manual of
Ohio EPA Surveillance Methods and Quality Assurance Practices”. Discharge measurements methods,
along with rating curve development, were developed according to USGS manual “Measurement and
Computation of Streamflow” (water supply paper 2175). The operating range, measurement units, and
accuracy for field parameters are reported in Table 4 of the Quality Assurance Plan (Appendix A).
Table 7. Laboratory analytical procedures. .
Detection
Limit

Preservation

Hold Time

0.026 ppm

Cool 6°C, H2SO4 to pH < 2

28 Days

200.7, EPA Method
365.2, EPA Method
350.2, EPA Method
352.1, EPA Method
4500 B, Standard Methods
4500 F, Standard Methods
351.2, EPA Method
2540 D, Standard Methods
5310 C, Standard Methods

0.100 ppm
0.019 ppm
0.1 ppm
0.1 ppm
0.002 ppm
0.1 ppm
0.5 ppm
1.0 ppm
0.3 ppm

Cool 6°C, H2SO4 to pH < 2
Filter within 15 minutes, Cool 6°C
Cool 6°C, H2SO4 to pH<2
Cool 6°C
Cool 6°C
Cool 6°C, HCl to pH<2
Cool 6°C, H2SO4 to pH<2
Cool 6°C
Cool 6°C, HCl, H2SO4, or H3PO4 to pH<2

Contract Lab

525.2, EPA Method

0.20 ppb

Cool 6°C, mix sodium sulfate, HCl to pH<2

Atrazine

Contract Lab

525.2, EPA Method

0.30 ppb

Cool 6°C, mix sodium sulfate, HCl to pH<2

Simazine
Glyphosate
E. coli

Contract Lab
Contract Lab
Wastewater Lab

525.2, EPA Method
547, EPA Method
10029, Hach Method

0.35 ppb
0.03 ppb
10 c.f.u./L

Cool 6°C, mix sodium sulfate, HCl to pH<2
Cool 6°C, 100 mg/L NA2S2O3
Cool <10°C, 0.00008% NA2S2O3

6 mo.'s
48 Hours
28 Days
48 Hours
48 Hours
28 Days
28 days
7 Days
28 days
14 days before ext.,30 days
after ext.
14 days before ext.,30 days
after ext.
14 days before ext.,30 days
after ext.
14 Days
6 Hours

Parameter

Lab

Total Phosphorus
Total Phosphorus
(Contract Lab)
Orthophosphate
Ammonia
Nitrate
Nitrite
Nitrite-Nitrate
Total Kjedahl Nitrogen
Suspended Solids
Total organic carbon

Wastewater Lab

Analytical Method
4500-P C; 4500-P E,
Standard Methods

Contract Lab
Wastewater Lab
Wastewater Lab
Wastewater Lab
Wastewater Lab
Contract Lab
Contract Lab
Wastewater Lab
Contract Lab

Alachlor
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4.7. DATA REDUCTION ANALYSIS AND REVIEW
The Office of Environmental Quality reviewed the data for this project according to the procedures
outlined in Section 15 of the Wet Weather Events using Automatic Samplers SOP (Appendix B).
If the concentrated cover crop plantings in the Grassy Fork subwatershed impacted water quality, the
project participants would expect to see a change in nutrient loads at the GRSSY3.0 site when compared
to the reference GRSSY3.2 site. Nutrient concentrations need to be normalized by flow in order to
compare data between two locations. We derived continuous discharge data from a rating curve
developed for each of these sites and calculated chemical loads for each of the grab sampling events. To
interpolate daily loads from biweekly sampling, we developed load duration curves by plotting the grab
sample loads versus the ranked flow exceedance for each location. Analysis of variance was performed
to determine whether or not the daily loads during the affected months (January through April) were
different during years where cover crops were planted than during years where they weren’t (2011) or
were only planted covering minimal ground (2013‐2014). To remove the impact of hydrologic and other
environmental variation over the time period, the analysis was performed on the ratio of the flow
weighted mean nutrient concentrations (FWMC) at GRSSY3.0 (treatment site) to the FWMC at GRSSY3.2
(reference site).
A rating curve for the site at GRSSY0.2 was not developed due to the lack of discharge measurements at
the high end of the curve. This site also exhibited backwater conditions which made it difficult to obtain
those high flow discharge measurements. Additionally, due to the backwater nature of the site, flow
could not be interpolated from other nearby gauging stations. Due to the limited amount of hydrologic,
nutrient loads could not be calculated so the nutrient concentrations alone will be reported for the
GRSSY0.2 site.
5. FINDINGS
5.1. CAPTURE PROJECT
The only major issue that developed following construction of the project is with the dam of the
detention basin. Multiple washouts have occurred in the center of the dam about a foot in width due to
the amount of water that must bypass during large storm events. The first repair included repairing the
damage as it was originally constructed by compacting soil and reseeding. The last repair done in fall of
2016 involved using #411 limestone in the washout and filling gaps within the rock in the dam to allow
water to flow over the rock and not through it. In hindsight, a poured weir wall would be more practical
and require less maintenance at our site.
Maintenance that a landowner may incur on this project is minimal. Mowing of the area surrounding
this project is typical of that of maintaining grassed waterways or other management areas around
drainage features of an agricultural operation. Typically these would be mowed a couple times per year
as per guidelines already established within the grassed waterway operation and management plans.
Ensuring that pipe structures are clear of debris is usually conducted after major rainfall events. Our site
did not have any serious debris problems during the project. Invasive plants that take root in the SVB
were minimal and included Reed Canary Grass, and could include cattails and purple loosestrife in our
particular situation. These should be controlled to keep a diverse native plant environment and keep it
attractive to the landowner.
The major maintenance issue incurred was the stability of the dam. As mentioned earlier, the dam
structure had minor stability issues that we have hopefully corrected. Monitoring all structures, as with
any other project, should occur regularly, especially after larger rainfall events. Hopefully after the
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practice is installed and stable, major maintenance issues will be minimal. Other long‐term maintenance
that should be addressed is the siltation within this system. Cleaning of the detention basin can be
accomplished easily with excavation equipment and reestablished to original specs. Sedimentation
within the SVB is not yet truly understood, but will eventually have sedimentation problems. Sites where
tillage and high erosion occur should not be candidates for this type of system unless management of
the land changes.
Water Quality Monitoring Results
Though initial results are promising, the Project Team does not yet have enough data to determine
whether or not the capture practice could be an effective agricultural best management practice for
nutrient and sediment removal. The original monitoring plan consisted of monitoring the capture
system for three years. However, the capture system wasn’t installed until 2014, which delayed the
water quality monitoring portion of the project for two years. Continuous monitoring has taken place
since December, 2014; however, the submerged vegetated bed did not have area velocity meters
installed until a year later, in September, 2015. Therefore, the hydrology data from 2014 through
August, 2015 was interpolated with a curve developed from discharge and stage data collected between
September, 2015 and April, 2016. A total of 18 wet weather events were sampled in only a year and a
half (December, 2014 through April, 2016). So, despite the large amount of wet weather data, grantees
believe more monitoring is necessary in order to confidently estimate the annual nutrient loads from all
four locations.
5.2. COVER PROJECT
Prior to 2011 and the CIG project, there were no acres in Clermont County enrolled for cover crops
through EQIP or other programs. As such, the use of cover crops proved to be a learning experience for
the producers and CIG project team alike. The timing of the planting proved to be the biggest challenge
and ultimately had the most impact on the success of the “cover” component of our project. In 2011,
planting was delayed due to a late harvest. The success of the cover crops planted in Fields 1 and Fields
5‐9 were limited, and planting in Fields 2‐4 under an EQIP contract never occurred. Producers were able
to seed earlier in 2012 and overall the crops performed well. In 2013, Fields 2‐4 were drilled with wheat
and did very well. Fields 5‐6 were aerial seeded and had mixed results. Fields planted into corn did not
see good germination or growth; however, many of the cover crops seeded into soybeans had a decent
amount of growth. Fields 1 and 7‐9 were planted in crimson clover using a fertilizer spreader, but were
planted late, and these fields did not see good germination or growth.
The method by which the cover crops were seeded also had an impact on their success. In 2012, some
fields were aerial seeded while others were planted with a fertilizer spreader. The aerial seeding had
varying results. Producers did have some difficulty in scheduling the plane and had to seed later than
they hoped. Many of the fields planted into corn did not see good germination or growth, although
many of the cover crops seeded into soybeans had a decent amount of growth. The aerially seeded
fields of cereal rye (shown left below) looked much healthier than those seeded by fertilizer spreader, all
of which was annual rye grass (shown right).
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Figure 15. Aerial Seeded Cereal Rye.

Figure 16.
, Annual Rye Grass Planted with Spreader

Working with aerial seeding companies to ensure seeding is scheduled during seeding dates should
improve cover crop growth, and would likely result in more producers viewing this as an effective
approach to planting cover crops. Further development of alternative seeding methods for cover crops
needs to be encouraged and tested in the agricultural community.
Management of the cover crops in the spring prior to planting also proved to be a learning experience.
Through EQIP, Cornwell Farms planted cereal rye in Fields 2‐4 as a winter cover crop in 2012. The rye
became well established, and started to grow quickly in late April‐May. By June, when Cornwell Farms
crimped and sprayed it, the rye was several feet tall. Additionally, the rye was not completely
terminated ‐ some cereal rye continued to grow through the soybeans planted that spring. The summer
of 2013 was a wet year, and Cornwell thought the rye caused excess moisture to be captured, causing
stunting of the beans. The beans may also have been shaded out early by the residue left from the
cereal rye. Cornwell Farms ended up having an average yield on these fields, but it was one of their
lower yielding bean fields for the year. The opposite appeared to be true for the Stahl fields. Once the
cover crop began growing in the spring, they tended to spray it quickly. As a result, these fields saw
some benefit from root growth through the winter; however, there tended to be little top growth
because of the early termination.
Water Quality Monitoring Results
If the concentrated cover crop plantings in the Grassy Fork subwatershed impacted water quality, the
project participants would expect to see a change in nutrient loads at the GRSSY3.0 site when compared
to the reference GRSSY3.2 site. We did indeed see a significant difference in daily nutrient and
suspended solid loads in years with cover crops versus years without; however, these changes were
seen at both GRSSY3.2 & GRSSY3.0 monitoring locations. This indicates that the changes in loading were
likely due to annual differences in weather. An analysis of covariance was run on the data and there was
not a significant impact from the interaction of monitoring location versus cover crop year meaning that
there was not more variance across years at the monitoring location downstream of the cover crops
(GRSSY3.0) than there was upstream of the cover crops (GRSSY3.2). Nutrient loads were significantly
higher in 2011 than the other three years and loads were significantly lower in 2012 than the remaining
years. Some of the difference in runoff per year is likely due to differences in the timing and amount of
precipitation. As shown in Figure 17, there was an abnormal amount of rainfall in February, 2011, which
would have fallen on exposed soil since there were no cover crops planted at that time.
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Table 8. Total nutrient and suspended solid load from January through April at each site. .
NO2NO3 kg TKN kg TN kg Ortho Pdiss kg TP kg SS kg rainfall (in) total volume (m3)

GRSSY3.0

GRSSY3.2

2011
2012
2013
2014
2011
2012
2013
2014

9.60
2.91
5.73
6.29
1.14
0.31
0.64
0.73

16.89
4.97
9.93
10.99
6.35
1.82
3.68
4.11

27.79
8.33
16.49
18.15
13.15
3.47
7.30
8.40

3.88
1.03
2.17
2.48
19.89
5.47
11.30
12.79

8.60
2.42
4.94
5.55
2.55
0.64
1.37
1.62

842.32
221.79
467.22
537.94
6.02
1.54
3.29
3.83

19.24
11.70
8.89
11.29
19.24
11.70
8.89
11.29

1,128,864.66
274,175.57
547,462.64
712,187.69
597,467.09
130,566.54
279,574.70
369,937.12

NO2NO3 = nitrite+nitrate, TKN = total kjeldahl nitrogen, TN = total nitrogen, OrthoPdiss = dissolved ortho‐phosphorus, TP = total phosphorus, SS = suspended solids.

Monthly Rainfall Totals
rainfall (in)

15
10

2011

5
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2013

0
January February March

2014
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Figure 17. Monthly rainfall totals between January and April, 2011‐2014.
The GRSSY0.2 site is downstream of the GRSSY3.0 & GRSSY3.2 locations and served as the continuous
water quality gauging station which was supposed to provide hydrologic data for the study. However, as
mentioned in Section 4, the GRSSY0.2 monitoring location was under the influence of backwater from
the East Fork of the Little Miami River so we did not develop a discharge rating curve. One of the
reasons we established this location as a monitoring station was to determine whether or not impacts to
water quality could be detected when cover crops were planted in less than 10% of the watershed area,
i.e., if we detected water quality improvements at the smaller scale, do we see those improvements at
the larger scale as well. But, since a discharge rating curve was not developed at this site, loads were
not calculated and at this location and that hypothesis wasn’t tested. Instead the mean nutrient
concentrations/year are summarized in Table 9 below.
Table 9. Mean nutrient concentrations at the GRSSY0.2 location. .
year

2011
2012
2013
2014

time span

May‐Dec.
Jan.‐May, Oct.‐Dec
Jan.‐May, Oct.‐Dec
Jan.‐May

NO2NO3
mg/L

TKN mg/L

TN mg/L

Ortho Pdiss
mg/L

TP mg/L

SS mg/L

n

% wet
weather
events

0.43
0.70
1.10
0.72

1.90
0.64
1.85
1.06

2.26
1.36
2.98
1.81

0.21
0.17
0.17
0.21

0.57
0.31
0.67
0.38

174.6
22.7
225.3
67.2

27
19
24
11

59%
21%
25%
18%
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Soil Sampling Results
The CIG project team collected and analyzed soil samples from each of the fields in an attempt to
determine if the cover crops resulted in any improvements in soil quality. In short, due to the scattered
success of the cover crops and the short study period (three years), no significant improvements were
seen for any of the parameters measured. Multiple studies have shown that cover crops do improve soil
quality; however, the process is slow and it can take several years to see measurable improvements.
The three year time frame for this project was not long enough to document improvements. As local
producers become more experienced with cover crops and more detailed results are provided in the
paragraphs below, and raw data are provided in Appendix F.
1. Soil Respiration
Soil respiration is an indicator of biological activity, or soil life. It is a measure of the amount of carbon
dioxide released by soil microbes that are responsible for decomposing soil organic matter, and
respiration from plant roots and other organisms found in the soil. Soil respiration refers to the
production of carbon dioxide when soil organisms respire.
Various factors affect soil respiration rates, including the amount and type of soil organic matter,
temperature, moisture, pH, and aeration. Rates also vary seasonally as well as daily. For example,
microbial respiration more than doubles for every 10°C rise in soil temperature up to a maximum of 35
to 40°C.
The Project Team conducted soil respiration tests at 10 fields (Field 11 was not sampled) during three
sampling periods (Fall 2011, Spring 2012 and Fall 2012). There were no discernable trends within
individual fields. When soil respiration rates are averaged across all fields, rates did increase each
sampling period (15.75 to 20.0 to 43.2); however, the Fall 2012 rates were heavily influenced by two
fields (Field 4 and 5 with rates of 149.6 and 171.3, respectively). The respiration rates in these fields
seem to be influenced by significantly higher soil temperatures than the other fields. When these
readings are excluded, the Fall 2012 average respiration rate drops to 14.7. Overall, fields seem to be
somewhere between marginal and moderately balanced in terms of biological activity, according to the
chart provided below.
Table 8. USDA‐ARS Soil Quality Institute correlation of Solvita® and field soil respiration. .
Very Low Soil
Moderately Low
Medium Soil
Ideal Soil Activity
Unusually High
Activity
Soil Activity
Activity
Soil Activity
Associated with
dry sandy soils,
and little or no
organic matter

Soil is marginal in
terms of biological
activity and
organic
matter

< 9.5 lbs CO2‐
C/acre‐3"/d

9.5 ‐ 16 lbs CO2‐
C/acre‐3"/d

Soil is in a
moderately
balanced
condition
and has been
receiving organic
matter additions
16‐32 lbs CO2‐
C/acre‐3"/d

Soil is well
supplied
with organic
matter
and has an active
population of
microorganisms
32‐64 lbs CO2‐
C/acre‐3"/d

High/Excessive
organic matter
additions

>64 lbs CO2‐
C/acre‐3"/d

Source: Doran, J. (2001)
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2. Bulk Density
Bulk density is the weight of soil in a given volume. Factors affecting bulk density include soil texture
and the densities of sand, silt, and clay and organic matter particles, as well as their packing
arrangement. Bulk density can be changed land management practices that affect soil cover, organic
matter, soil structure, and/or porosity.
Generally, loose porous soils rich in organic matter have lower bulk density, and more compacted soils
with low porosity will have greater bulk density. High bulk density may cause restrictions to root
growth, and poor movement of air and water through the soil. Compaction can result in poor plant
growth, negatively affecting crop yield. By reducing infiltration, compaction can also lead to increased
runoff and erosion.
In general, the test results were very similar across all sites. Averages across all test sites were
essentially identical for Fall 2011, Spring 2012 and Fall 2012 (1.31 g/cm3, 1.27 g/cm3 and 1.27 g/cm3,
respectively). The average bulk density for Spring 2013 was slightly higher at 1.49 g/cm3. For local soils
which have a high silt content and some clay, these levels indicate that the bulk densities are borderline
ideal for plant growth, with some fields having densities that may restrict root growth, according to
Table 9.
Table 9. USDA NRCS Soil Quality Indicators – Bulk Density .
Bulk densities that
Soil Texture
Ideal bulk densities
restrict root growth
for plant growth
(g/cm3)
(g/cm3)
Sandy
< 1.60
> 1.80
Silty
< 1.40
> 1.65
Clayey
< 1.10
> 1.47
Source: http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053256.pdf
3. Soil Conductivity
Soil Conductivity readings show the ability of soil water to carry an electrical current. Though it doesn’t
provide a direct measure of specific ions or salts, conductivity has been correlated to concentrations of
nitrates, potassium, sodium, chloride, sulfate, and ammonia. For non‐saline soils such as those in
Clermont County, soil conductivity levels are a good indication of the amount of nitrogen available for
crop uptake. In addition to soil minerals and electrolytes, other factors affecting soil conductivity
include bulk density, soil structure, water potential and the time of measurement.
Soil conductivity levels ranged from 0.12 to 0.86 dS/m. According to NRCS, soils are considered non‐
saline with conductivity levels less than 1 dS/m. The levels recorded during this study do not impact
most crops and soil microbial processes. There were no apparent trends within individual sites, and
changes from sample to sample were relatively small. Conductivity readings were averaged across all
sites for the individual sampling periods and no trends were apparent here either. Average conductivity
readings were as follows:





Fall 2011
Spring 2012
Fall 2012
Spring 2013

0.29 dS/m
0.19 dS/m
0.40 dS/m
0.24 dS/m
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4. Soil pH
Soil pH is the measure of the acidity or alkalinity in soils. The proper soil pH for western Ohio (subsoils
derived from limestone) should be above 6.0 and below 7.0. Soil pH is affected by land management
practices. Converting land from forest or grassland to cropland can result in significant changes in a
relatively short time frame. These changes are caused by erosion, loss of organic matter, effects of
fertilizers, and loss of minerals when crops are harvested. Soils with high clay and organic matter
content are better able to resist changes in pH. Though clay content can’t be changed, management
practices can alter the amount of soil organic matter (for better or worse). Organic matter can be
increased through the use of cover crops, as well as continuous no‐till, diverse rotations, high‐residue
crops and manure applications. Soil pH level is highly variable, and can depend upon field location,
fertilizer placement and time of year that the sample is collected.
Results did not show any trends within individual fields. Over all sites, average soil pH was highest
during the first sampling round in Fall 2011 at 7.2. There was no significant difference in averages for
other sampling periods (6.3, 6.2, 6.4 for Spring 2012, Fall 2012 and Spring 2013, respectively).
5. Nitrate
The nitrate form of nitrogen is the most water‐soluble and therefore the most susceptible to leaching.
Cover crops can reduce nitrate leaching in two ways. First, they take up available nitrate for their own
needs. They also use some soil moisture, reducing the amount of water available to leach nutrients.
Leguminous cover crops also add nitrogen to the soil through N‐fixation. The nitrogen held in the soil by
cover crops or produced through N‐fixation becomes available to the next crop when the cover crop
decomposes.
There were no trends in the data as the test strips were not sensitive enough to measure small changes
in soil nitrate concentrations. Of the 25 samples analyzed, 22 (88%) has a nitrate reading of 2 ppm. The
three other samples were 5 ppm, all from different sites and sampling periods.
6. Soil Slake Test
Soil aggregates are groups of soil particles that bind to each other, and aggregate stability refers to its
ability to resist breaking down when acted on by some outside force, such as water. Aggregate stability
is important for several reasons. First, soils with high aggregate stability resist erosion. Also, the pore
space between aggregates improves the ability of air and water to move through the soil, and provides
areas through which plant roots can grow. If soil aggregates readily break down when exposed to
water, the soil particles can clog pore spaces which can reduce the movement of air and water, restrict
root growth and even prevent the emergence of seedlings.
Soil stability for each sample was rated according to Table 10 below.
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Table 10. Soil Stability Classes (Source: USDA‐NRCS Soil Quality Test Kit Guide) .
Stability class
Criteria for assignment to stability class
0
Soil too unstable to sample (falls through sieve)
1
50% of structural integrity lost within 5 seconds of insertion in water
2
50% of structural integrity lost 5 ‐ 30 seconds after insertion
3
50% of structural integrity lost 30 ‐ 300 seconds after insertion or < 10 % of soil
remains on the sieve after 5 dipping cycles
4
10 ‐ 25% of soil remaining on sieve after 5 dipping cycles
5
25 ‐ 75% of soil remaining on sieve after 5 dipping cycles
6
75 ‐ 100% of soil remaining on sieve after 5 dipping cycles
The results of the slake test showed that all top soil samples from all fields had high stability scores in
the 5‐6 range. Most subsoil samples also had scores in this range, though there were a few scattered 3‐
4 scores.
7. Earthworms
Earthworms play a key role in soil quality. Their burrowing improves soil porosity and infiltration. They
produce binding agents which helps with soil aggregation. Their feeding helps with plant residue
decomposition, nutrient cycling, and redistribution of nutrients in the soil profile. Their casts and
remains are also a source of nutrients. Cover crops can help increase earthworm populations by
increasing organic residue which serves as their food supply, and by giving them a longer season to eat
and reproduce.
There were no significant trends within individual sites or with overall averages. Individual earthworm
counts ranged from 1 to 50. Four sites had increasing numbers of earthworms at each stage of the
study while one had numbers decrease during each sampling period. When earthworm numbers from
all sites were averaged for a particular sampling period, the highest average count was seen in the Fall
2011 sample set (average count = 24), and the lowest was seen in the Fall of 2012 (average = 10). The
average earthworm count for the final set of samples collected in Spring 2013 was 19.
6. CONCLUSIONS AND RECOMMENDATIONS
6.1. CAPTURE PROJECT
As stated in Section 5.1, though initial data regarding nutrient removal form the capture CMP is
promising, the project team has only been able to conduct wet weather monitoring for a year and a half,
and more monitoring from all four BMP locations is necessary in order to confidently estimate the
annual nutrient load reductions from the system. Sampling efforts will continue over coming years to
more completely determine the success of the project.
Assuming the capture BMP proves to be successful in removing significant amounts of nitrogen and
phosphorus, it should not be difficult to transfer the design to other farm field settings and could be
brought into common use. Construction of the BMP was not difficult. The owner and operator of the
farm in which the BMP was located was able to complete construction himself with some oversight
provided by the Clermont SWCD technician. Comparable to other structural BMPs, the construction
cost was reasonable. The total cost of construction for the entire system was $27,045, with most of the
cost tied up in excavation ($9.925) and gravel for the submerged vegetated bed ($7,021). Maintenance
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to date has been minimal. Mowing of detention area and areas surrounding this project is typical of
that of maintaining grassed waterways. Typically these would be mowed a couple times per year. The
site did not have any serious debris problems during the project. Invasive plants that take root in the
SVB were minimal and included Reed Canary Grass, and could include cattails and purple loosestrife in
our particular situation. Future operators would need to control these if they desired to keep a diverse
native plant environment.
The project team did have minor stability issues with the detention basin dam; however, these were
easily corrected. Other long‐term maintenance that would need to be addressed is the eventual
siltation within the system. Cleaning of the detention basin can be accomplished easily with excavation
equipment and reestablished to original specs. Land with high erosion rates or conventional tillage
should not be candidates for this type of system unless management of the land changes.
It is recommended that others interested in adopting this practice should identify smaller drainage areas
in which to locate it. The capture BMP studied under this grant collected flow from a drainage area of
264 acres. Rainfall in excess of the 1.44 month design storm would overtop the detention basin dam
and bypass the submerged vegetated bed.
6.2. COVER PROJECT
Prior to this project, very few farmers in in the East Fork Lake watershed had experience with cover
crops. As such, the cover component of this project was a learning experience for both farmers and
project team members.
Several lessons were learned during the course of the project. First, farmers new to cover crops want to
start with a crop that is relatively easy to manage. Early on, the Project Team was interested in
exploring the effects of tillage radishes on soil and stream quality. Because they die off during winter,
radishes are relatively easy to manage once planted; however, the early seeding deadline
(recommended seeding dates of Aug 15 to Sep 15) is a considerable challenge. In many instances, the
cash crop has not been harvested by September 15, which limits seeding methods to a choice between
aerial seeding or using a modified highboy. Those participating in this project were more interested in
starting with cereal rye, which we would now recommend for first time cover crop farmers.
There were also some issues associated with planting times, especially during the first year where there
was a late harvest. In some instances, the cover crops were planted later than desired, possibly due to
inadequate preparation which likely stems from lack of experience. In these cases, the cover crop
germinated poorly or not at all. For cover crops to be successful, it is essential that seeding guidelines be
followed, and that farmers be prepared as possible for different challenges related to weather and late
harvests.
There were also challenges with cover crop termination, which vary with the crop planted. Some
experimented with radishes and crimson clover, both of which are winter‐killed and therefore easier to
manage, but most fields planted in cereal rye or annual rye grass. Due to inexperience of farmers, we
saw different issues. One waited until June to crimp and spray cereal rye, by which time the rye was
several feet tall. As a result, the rye was not completely terminated, and may have been detrimental to
soybean yield due to early shading of soybean plants and retaining excess moisture during what proved
to be a wet summer. Other farmers seemed overly concerned that the cover crop might be difficult to
terminate once it began growing in the spring, and therefore terminated it as soon as the first growth
was seen. This practice resulted in little top growth, though it’s likely the fields still benefitted from root
growth during the winter months.
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The results of the water quality data suggested that planting over 10% of a watershed in cover crops
may translate to a measurable reduction in winter and spring nutrient loads. Ideally water monitoring
would occur over a longer period of time so that the influence of weather on the results could be
diminished. It’s also likely that the benefits of cover crops to water quality will increase exponentially
with every year the field is placed in winter cover crops; furthering the argument for the need for more
long term studies. When designing a water monitoring program, sampling during all ranges of the
hydrograph is critical to obtaining a representative account of nutrient loading. Additionally, obtaining
accurate and continuous hydrologic measurements is crucial to enable comparison of the data across
sites and time. Lastly, detailed information about the farming practices at each field in the study
watersheds, including the reference site watershed, should be tracked to assist in data interpretation.
As discussed in the Findings section, no soil quality improvements were documented as part of this
project. There were two primary reasons for this. First, the project time frame of three years was not
long enough to see improvements in soil quality. To better quantify the effects of cover crops on either
soil or water quality, a longer study period is needed. Also, success of the cover crops from field to field
was mixed. Success should improve with experience and continued education.
For any program to achieve a measure of success with cover crops, a strong education program is
needed, particularly if the producers in the area are new to cover crops. The education program should
cover all aspects of cover crops, from crop selection, to seeding deadlines and strategies, to termination.
As described in this report, Clermont SWCD and its partners have already begun this effort. Under the
CIG and other projects, Clermont SWCD and its partners have held multiple field days, developed two
cover crop guides (Cover Crops for Southwest Ohio and Cover Crop Farmers of Southwest Ohio), created
an electronic newsletter and a Facebook page for the agricultural community (“Clermont County
Sustainable Agriculture Collaborative”), and continues to provide individual guidance.
It is also recommended that education programs should heavily involve local farmers who are
experienced with cover crops and recognize the benefits. Farmers are more apt to accept guidance and
advice from other farmers. This was evident during project field days, when the farmer panels were
always the most successful part of the event. If NRCS and SWCDs can involve these farmers as
advocates for cover crops and have them participate in field days, work shops, tours and other events, it
is likely that adoption of this practice will grow more rapidly than it would without their assistance.
Clermont County has begun to see results from our education efforts. Prior to the project, there were
no acres enrolled for cover crops under any Farm Bill program. In 2015, over 3,100 acres in Clermont
County were enrolled.
7. LIST OF APPENDICES
A. Wastewater Laboratory Quality Assurance Plan
B. Standard Operating Procedures (SOPs)
B.1. Wet Weather Events Using Automatic Samplers SOP
B.2. Manual Collection of Stream Water Samples SOP
B.3. Wastewater Laboratory Sample Handling SOP
B.4. YSI 600 Series Multi‐Parameter Data Sonde SOP
B.5. Discharge Calculation and the SonTek FlowTracker Handheld ADV SOP
C. Capture BMP raw chemistry data
D. Capture BMP continuous hydrology data
E. Cover BMP Monitoring raw data
F. Soils sampling raw data
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